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Forward
With its 17th International Conference, Coasts at the Millennium, the
Coastal Society ushers in a new century, one that promises great
challenges for coastal and ocean managers and the public they serve. Our
prolific species numbers just over six billion as we begin the new century,
a figure that could double by century's end. The impacts we six billion
humans have on global ecosystems today gives us cause to wonder about
the continued capacity of the earth, and its oceans and coasts, to absorb
another doubling in our number. The uncertainties associated with a
warmer future give us additional cause for concern over the health of our
coasts and oceans. At the same time, changing human attitudes and values
give us hope. Globalization on every front and revolutionary change in
how we communicate and get information make us newly aware of one
another and of the finite nature of our world and its resources. Coastal and
ocean management professionals historically have been among the leaders
in pushing forward a new agenda for a more sustainable future where
resource conservation, ecosystem restoration, hazard mitigation, and
community-based decision making are the norm. Another cause for hope
is that today a new generation of bright, energetic professionals is
grabbing the reins of leadership in coastal and ocean management,
bringing fresh ideas and vigor to the challenges that confront us.
Our purpose in this conference is to take stock of the past and celebrate
our successes, but also to look ahead to the many challenges we face in
this new century. The papers in this volume report on these successes and
illuminate these challenges, offering a way forward. This meeting also
ushers in a new era of publishing with our first digital proceedings on CD.
Our hope is that you find it easy to use, search, carry around, and share
with others.
James W. Good and Eldon Hout, Conference Co-chairs
Laurie Jodice, Conference Coordinator

Special Note on These Proceedings
The Table of Contents is organized according to the program in place at
the time the Proceedings were sent to the printer. Conference attendees are
encouraged to check the Final program, distributed at registration, and the
Conference Bulletin Board for changes to the schedule listed in the
Proceedings.
This volume includes papers and abstracts available at the time of printing.
There are no papers on the Plenary Sessions or Luncheon Addresses. The
Coastal Society hopes to publish summary reports on several of those
presentations not included here in their Bulletin during the coming year(s).
The Editors have attempted to list the papers and abstracts in this
Proceedings in the order in which they were scheduled. Papers in the
Poster Session, that are not also included in the technical sessions, are
listed alphabetically by first author.
Please Note: To allow you to track the TCS 17 themes, we have noted the
theme area for each session listed in the Table of Contents. The notations
are:
• Integrating Coastal and Ocean Management = “Coastal/Ocean”
• Protecting and Restoring Coastal Ecosystems = “Ecosystems”
• Revitalizing Urban Coasts and Waterfronts = “Urban”
• Reducing Vulnerability to Coastal Hazards = “Hazards”
• Special Sessions = “Special”
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WEB-BASED OBLIQUE AERIAL PHOTOGRAPHS OF WASHINGTON
STATE'S MARINE SHORELINE
Hugh Shipman, Washington Department of Ecology
Brian Lynn, Washington Department of Ecology
Between 1992 and 1997, Washington's Department of Ecology acquired oblique
aerial photography of the state's approximately 2500 miles of marine shoreline.
This collection of over 9000 photographs provides a valuable educational,
monitoring, and research tool for both coastal managers and the general public,
but access to the photographs is limited. In 1999, Ecology's Shorelands and
Environmental Assistance Program (Washington's coastal program) developed a
web-based application that allows efficient access to these photos over the
internet using relatively inexpensive and readily available technology.
Oblique aerial photographs are valuable for a variety of purposes. They do not
lend themselves readily to photogrammetric analysis since scale varies across
the image and rectifying oblique views with maps and ortho-photographs,
particularly on uneven terrain, is difficult at best. On the other hand, they can be
very useful for other types of analysis. The photos can be of relatively large
scale at the shore, yet still contain considerable information about the upland.
On steep, bluff-lined shores, oblique photos are valuable in identifying
landslides, bluff geology, shoreline armoring (bulkheads and revetments), and
riparian vegetation that would be hidden or obscured in conventional vertical
photographs. Oblique photographs are far more comprehensible and intuitive to
most audiences than traditional vertical air photos and as a result these photos
are important educational tools (see examples in Figure 2).
Table 1. Washington's 15 coastal counties, showing number of oblique photos
and the date of flights.
County
Clallam
Grays Harbor
Island
Jefferson
King
Kitsap
Mason
Pacific
Pierce
San Juan
Skagit
Snohomish
Thurston
Wahkiakum
Whatcom
TOTAL

# Photos
657
425
724
841
415
707
659
649
691
1373
714
275
314
197
482
9123

925

Year of Flight
1994, 1997
1994, 1997
1993
1994, 1997
1993
1992
1992, 1993
1994, 1997
1992
1995
1994
1993
1992
1994, 1997
1994
1992-1997

Digitizing the Photos
The photographs represent a continuous series, flown at low altitude along the
entire coast, over a period of several years (Table 1). There is approximately
10-30% overlap between adjacent photographs. The scale of the photos (when
viewed as 8x10 inch prints) is approximately 1" = 200-300 feet, at the
shoreline, with roughly 3 photos per mile. Color negatives were obtained with a
medium format camera while a series of 35mm color transparencies was
acquired simultaneously. The photos were flown during favorable weather and
lighting conditions and where possible, during periods of relatively low tide.
Photos were indexed by county linearly along the shoreline from left to right as
viewed from the water. For each photo, we had basic attribute information
including the date and time of the flight, prominent landmarks, county, and a
unique index number.
We chose the 35mm slides as the medium for scanning because of the low cost.
Scanning was accomplished using KODAK's Photo CD process, which allowed
high resolution scans at a very low cost per image. The Photo CD saves
compressed images at multiple resolutions with 100 images per compact disc.
These images were converted to a JPEG format at two different resolutions
(192x128 pixel thumbnails and 768x512 images). The resulting images were
approximately 5-10KB for thumbnails and 60-80KB for larger images, for a
total data set size of about one gigabyte.
In order to geographically reference the images, an ArcView utility was
developed that allowed efficient identification of approximate photo center
points along the shoreline and the entry of geographic coordinates into the
database. In addition to the georeferencing information and the original photo
attributes, we also added information on the adjacency and sequencing of the
photos so that the application could maintain the left-right orientation of photos.
This became quite complex in areas with many small islands, complex channel
configurations, and at county boundaries.
Site Design
The site was designed with the specific goal of enabling a user to rapidly locate
and view a photo of any section of the shoreline. We felt that it was important
that an individual could locate a photo either geographically, using maps, or
through a simple text search, and that the site be as intuitive as possible. The
application is built around a small number of standard pages (Figure 1). The
home page provides a basic introduction to the site, displays an interactive map
of Washington's coast, and contains the text search dialog. Several simple pages
explain the site, describe the photos, and guide users to related web sites.
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HOME PAGE

MAP

MAP

SEARCH
THUMBNAILS
SEARCH
RESULTS

SITE AND
PHOTO
INFORMATION

PHOTO

Figure 1. Schematic drawing showing basic organization and flow of air photo
web site.
The site contains three levels of maps to assist users in locating photographs.
The home page includes a map of western Washington that includes both the
ocean coast and the inland waters of Puget Sound and Georgia Strait. By
selecting a location on this map, one of five second-tier maps appears that
covers a smaller portion of the coast. These are also interactive image maps,
and by selecting an area within this map, the viewer is taken to a third tier of
maps on which individual photos are identified. There are over 100 of these
largest scale maps, each of which displays on the screen at approximately
1:50,000 (depending on display resolution).
By selecting a photo from the map, one is directed to a standard page that
displays a series of three thumbnail photos, along with their attribute data.
Arrows on the left and right sides of the page allow panning along the shoreline.
This allows rapid scanning because images are small and load rapidly, yet
provide sufficient visual clues to locate familiar features. Selecting one of the
thumbnails takes one to another standard page, on which the large image is
displayed. Again, left and right arrows allow movement to adjacent sections of
shoreline. The site is built around an ACCESS database that contains the
attribute information, the geographic coordinates, the file locations of the JPEG
images themselves, and the adjacency/sequencing information.
Although high resolution photographic images cannot be downloaded from the
site, any user can save the displayed JPEGs to their own computer. The
768x512 pixel images can be incorporated into other documents, such as reports
or email, although the print quality is fairly limited. (Note: The examples
printed in Figure 2 were taken directly from the web site).
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Point Brown,
Ocean Shores
Grays Harbor #151
5/10/1997

Point No Point,
Hansville Area
Kitsap County #367
5/21/1992

Seattle Waterfront
King County #70
5/19/1993

Figure 2. Examples of Oblique Aerial Photographs.
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A simple query capability on the home page allows a user to enter a text string,
such as the location name, a photo index number, or a geographic feature and
immediately retrieve a list of all photos containing that information. The list
contains links to specific photos, so user can scan list for the photo or location of
interest.
Summary
The site was initially deployed on the Department of Ecology's intranet in July,
1999, and we anticipate publishing the site on the World Wide Web in spring,
2000. The current site will eventually be incorporated into the Department of
Ecology's Coastal Map Server. In this way, the functionality of the photo site
can be merged with the power of an internet-based Geographic Information
System (GIS).
Ecology will begin re-flying oblique photographs of the coast this year. Based
on this project, we will look carefully at emerging technologies for acquiring
digital photos directly. We expect to be able to provide higher resolution images
in the future and hope to expand the capabilities of the system to allow rapid
comparison of photos between different flight years.
We believe this site will serve individuals interested in a broad range of
shoreline issues, including citizen beach monitors, scientists, resource managers,
and private firms. We feel the site is sufficiently compelling to attract many
members of the public who would not otherwise visit the Department of
Ecology's web site and we are considering ways to draw people farther into the
more educational parts of our site. We anticipate that others will probably find
value in linking to our site, either at the top level or to a specific photograph. A
waterfront restaurant, a shoreline real estate agent, or a high school class
studying a salt marsh will all be able to link directly to the appropriate photo
from their web site. Ultimately, we hope that the site will increase awareness of
Washington's shoreline and of coastal management issues in general. Although
the objective of the site was to help users locate photos of specific shorelines,
we find the site's greatest power is in allowing exploration.
Hugh Shipman
Washington Department of Ecology
3190-160th Ave SE
Bellevue WA 98008-5452
Phone: 425.649.7095
Fax: 425.649.7098
Email: hshi461@ecy.wa.gov
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TOWN MEETING ON AMERICA’S COASTAL FUTURE:
USING THE INTERNET TO PROMOTE COASTAL STEWARDSHIP
Charles A. Bookman, National Ocean Service/NOAA

National Dialogues on Coastal Stewardship
During 1998, the Year of the Ocean, leaders from every region and economic
sector discussed the future of the coasts, and steps that can be taken to
strengthen coastal stewardship. These discussions occurred at: congressional
hearings organized to discuss the need for national ocean policy; forums
organized by The Heinz Center, an independent center for the study of science,
economics and the environment; a meeting on ocean policy organized by the
University of Delaware and the National Ocean Service; and at the National
Oceans Conference, the highest-level and most successful national gathering of
ocean and coastal leaders ever convened.
The National Ocean Service/NOAA and other national organizations that had
begun to work together continued to explore coastal issues beyond the Year of
the Ocean framework. These discussions became known as the National
Dialogues on Coastal Stewardship. The National Dialogues brought together
diverse partners to focus on the most important coastal and ocean issues.1 The
National Ocean Service facilitated the National Dialogues in the spirit of
partnership. All of the products from the National Dialogues are in an on-line
archive, http://state-of-coast.noaa.gov/natdialog/index.html.
The most far-reaching endeavor was an effort to develop a comprehensive
vision for America’s coastal future, and to disseminate the vision and promote
discussion about it.2 The National Dialogue Partners proposed a vision of the
future because they believed:
•
•
•

Working together and having common goals leads to better understanding;
A vision helps the partners to become more informed and effective coastal
stewards;
A vision enriches understanding of values, and provides a reference to be
consulted when economic and environmental interests need to be balanced.

The vision was developed through a sequence of activities that included a
national conference on coastal trends, and a national forum on coastal
stewardship. Information from these activities was relied on as the partner
1

American Association of Port Authorities, Boat Owners Association of the United States, Center
for Marine Conservation, The Coastal Society, Coastal States Organization, Consortium for
Oceanographic Research and Education, Pacific Coast Federation of Fishermen’s’ Associations,
National Fisheries Institute, National Ocean Industries Association, National Ocean Service/NOAA.
2
The complete vision statement is at http://state-of-coast.noaa.gov/natdialog/coast2025 .
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organizations discussed and drafted comprehensive vision statements, including
goals and objectives, addressing each of eleven major coastal themes: coastal
hazards, community heritage, energy and minerals, environmental quality, food
supply, population and settlement, public awareness, recreation and tourism,
responding to change, technology, and waterborne commerce.
The partners defined a vision as a clear, specific description of a desired
outcome. The time horizon was set at 2025—as far into the future as has elapsed
since the onset of comprehensive coastal management. The partners expressed
their vision in terms of goals and objectives. A goal is an aim, an end, or
outcome toward which effort is directed. Goals need not be quantifiable, nor
achievable in a time frame. An objective is a quantifiable, definable target or
outcome. Achieving objectives contributes to reaching goals. While
consensus—the absence of disagreement—was not a specific goal, they found
overwhelming agreement concerning their vision.
The National Dialogues partners viewed their vision as remarkable because of
its content, comprehensiveness and breadth, and the extent of agreement that cut
across geographic regions and economic interests. A proposal intended for
dialogue, the partners were interested in disseminating their vision and
promoting discussion. NOS stepped up to this opportunity to inform the public
about coastal conditions and to energize companies, organizations and even
individuals to be better informed coastal stewards. The major means for this was
the Internet Town Meeting on America’s Coastal Future.
The Internet Town Meeting was an interactive Web site constructed around the
vision statement. On-line participants found the vision and goals developed by
the National Dialogues partners and viewed other background, including coastal
trend information and detailed objectives correlated with the goals. They
participated by responding to critical issues in an on-line ballot, and by
providing written comments. The results were instantly available. Participants
could check back from time to time and review progress. They also could
download key documents, including a definitive paper on coastal trends and also
a text version of the vision statement. About one in six visitors to the Web site
downloaded one or more documents.
Engaging People in the Town Meeting
A three-tiered communications strategy was devised: the National Dialogue
partners and their members, other national and regional stakeholder
organizations representing a variety of coastal interests, and the general public—
anyone who lives in, uses or is interested in the coastal and ocean environment.
The essence of the communications strategy was to get the word out through
established communications channels, and then to depend heavily on personal
interest and voluntary cooperation.
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Communications efforts included exhibits at professional and regional meetings,
articles in national and regional publications and Web links, and targeted
mailings. Later, the outreach efforts were focused more directly on educators
and students. A CD-ROM was prepared and distributed, mostly to educators.
The CD-ROM made it much easier to download information—an important
consideration in the classroom.
The following table documents participation in the Internet town meeting.3
Table 1: Cumulative participation in the Internet Town Meeting
8-23-99
9-27-99
10-4-99
11-29-99
12-31-99
Total visitors
611
3,951
4,079
5,167
5,528
Repeat visitors
153
574
606
911
996
Average daily
29
101
96
79
72
visitors
During the period July-December, 1999, when the Internet town meeting was
actively promoted, information was delivered to more than 3,000 individuals.
Over 200 of the CD-ROMs were provided directly to teachers in response to
their requests. “Hot links” were established from many Web sites. In all, more
than 500,000 interested individuals were made aware of the Internet town
meeting through publications or other contacts.
Results from the Internet Town Meeting
The results of the Internet town meeting provide insight into the concerns and
desires of all for America’s coastal future.
Table 2 summarizes the results of the Internet town meeting by theme area.
While the results are not statistically valid for the country, they are internally
consistent for the population that participated. The statistical analyses conducted
were appropriate for the kinds of data collected—primarily nominal and ordinal
data. Frequency distributions were prepared with the quantitative data, and
displayed in bar graphs. A statistical test, such as a chi-square analysis that

3

These data are from a statistical package that both understates and overstates Web usage. The
number of actual users is higher. Since these data are internally consistent, they are most useful for
trend analysis. would establish the relationship between the results from the sampled population as
compared to the results from the general population was not conducted, because of limitations in the
data acquisition design.
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Table 2: Synthesis of vision and results.
MEETING TOPIC
S YNOPSIS OF VISION

S YNTHESIS OF RESULTS

Population and settlement
patterns

Accommodate population growth/additional
settlement without compromising environmental
values

•
•
•
•

Community heritage

Every community will have its own unique feel
and flavor. Cultural heritage and diversity will be
protected and perpetuated through master
planning. Historic structures will be preserved.
Tradition occupations will flourish where they
have community support. New cultural resources
will be accepted and incorporated over time.
Improvements in knowledge of environmental
phenomena and better delivery of predictions and
services will enhance the capacity to predict,
mitigate and respond. This knowledge will help
steer development away from hazard prone
regions and to develop disaster-resistant
communities. Also, sand will be managed as a
resource.
Communities in 2025 will protect the
environment even as they progress economically.
Coastal waters will exceed statutory standards
(fishable, swimmable) by also being inviting and
healthful. Flora and fauna will be protected and
recovered.

•
•

Most popular topic (highest number of votes)
Strong agreement with vision
Difficult to achieve the vision
More information and tools for managing growth would help, but
bolstering political will to make tough decisions would help more
Strong support for conserving community history and culture
Vision that every community is unique is somewhat more controversial

•
•
•
•
•
•
•

Most text comments
Strong agreement with vision
Strong sense of importance of prevention
Strong support for directing development away from hazard-prone regions
Vocal minority believes the vision tramples on private property rights
Those who benefit from dune/beach protection should pay for upkeep
Strong support for eliminating subsidized insurance on barrier beaches

•
•
•

Strong support for vision
Sense that progress is being made, expect progress to continue
More progress is being made in cleaning up contamination; relatively less
progress is being made in protecting wildlife and habitats

Coastal hazards

Environ-mental quality

Table 2: Synthesis of vision and results (cont.)
MEETING TOPIC
S YNOPSIS OF VISION

S YNTHESIS OF RESULTS

Recreation/ tourism

•

Water-dependent
commerce

Energy and minerals

These will continue to be the most significant
water-dependent economic activities. People will
continue to be attracted because the environment
will be clean and inviting and there will be open
space, public access. The public will be much
more aware of ways to protect the environment
for the future by following safe environmental
practices in their recreational activities.
Demands on ports to continue to operate safely
and efficiently will continue to increase, in step
with the growth in world trade. Trends towards
efficiency and consolidation will continue,
leading to increased demand for superports,
dedicated cargo facilities, and excellent
intermodal connections. A trend towards
specialized assets and services such as high-speed
cargo shipping and more use of ferries will
continue. Channels and berths will be routinely
dredged to appropriate depths, and real-time
navigation information will be routinely
available.
Petroleum will continue to be the dominant fuel,
and the percentage that comes from or over the
oceans will be even greater. New energy sources
from the ocean will begin to enter the mainstream
by 2025. Clean energy sources will begin to have
an economic advantage. Large-scale energy
projects will continue to receive extensive
environmental, safety and economic scrutiny.

•
•

•
•
•

•
•

Strong agreement with vision especially guaranteed public access and
protection from other uses
Some willingness to accept personal restrictions to avoid use conflicts and
to protect environment
Users willing to pay more/take more responsibility for access and upkeep

Good agreement with vision
Sense that water-dependent uses merit protection in community
development, also legacy pollution problems on the waterfront need to be
cleaned up
Vision compatible with new interagency and national vision for marine
transportation system

Good agreement with vision
Strong interest in reducing reliance on petroleum and developing
alternative energy sources

Table 2: Synthesis of vision and results (cont.)
MEETING TOPIC
S YNOPSIS OF VISION
Energy and minerals
(cont.)

Food supply

Public awareness

Technology

Responding to change

High demand for sand to maintain beaches will
cause offshore sand deposits to be managed as
public resources. The doctrine of sand rights will
have developed.
Fish stocks will be restored and managed
sustainably. Local stocks will contribute in
important ways to the national food supply and
local communities will benefit directly as a result.
Community-based aquaculture will play an
increasingly important role.
Widespread public awareness of coastal
issues…will be an important factor in
stewardship. Public education will provide the
basis for this. The media will reinforce
stewardship messages and disseminate them
throughout society.
Remote sensing, imaging and “smart”
instruments will bring new data and ways to
analyze and present information. Modeling and
simulation will become important aids to
consensus building and decision-making.
Communications and information technology will
help managers reach new constituencies and
bring in new ideas.
Communities will respond to pressures with more
reasonable, less adversarial management
approaches. These will typically involve
public/private partnerships that (a) have a
regional or ecosystem focus, (b) are based on
sound science and engineering, and (c) involve
extensive collaboration across interests and at all
levels.

S YNTHESIS OF RESULTS
•

•
•

Particularly strong agreement that sand should be managed as a resource

•

Good agreement with vision
Some sense that land use priorities in coastal regions should favor
commercial fishing
Less support for aquaculture

•
•

Strong agreement with vision
Educated public is important prerequisite to political action

•
•

Strong agreement with vision
Enabling technologies can improve quality and quantity of information for
coastal management
Technology can also improve the use made of information

•

•
•

Vision not completely shared
Skepticism that ambitious goals of controlling sprawl, conserving open
space and protecting and restoring habitats can be achieved by simply
using “less adversarial approaches”

From July-December, 1999, more than 7,000 visited the Web site. Of these,
more than 600 (about 8 %) participated directly through the automated ballot (5
%), or by providing written comments (2.5 %). No single issue attracted more
than 200 responses. In contrast to the relatively low rates of interaction, over
1500 (20 %) downloaded information (the vision statement, information about
coastal trends, or both). The relatively large number of downloads implies that
people valued the information.
National Implications for Coastal Stewardship
Lessons were learned from the Internet town meeting that may help coastal
stewards and others who seek to use the Internet to expand public participation.
Power of the Internet
The town meeting successfully demonstrated the use of the Internet to promote
widespread discussion of ideas. One innovation was a software module for online balloting, with instantaneous results. This is available for use by others. A
striking development was the number of times that Web users downloaded
documents. One in six downloaded the vision statement or trend information for
future reference. This type of presentation has an indisputable power for making
technical information more readily available and accessible.
Unanimity of Vision
Diverse parties with very different interests developed the proposed vision.
Despite their diversity they found much in common concerning their visions for
the coast. This probably reflects certain shared underlying experiences and
perceptions, namely,
•
•
•
•

We are all coastal stewards;
Coastal resources and areas are fragile and increasingly threatened;
New ways are needed to manage oceans and coasts. Progress increasingly
lies beyond direct federal control, and will be achieved through partnership
approaches;
A rich experience base for partnership is emerging that builds on the
markets and innovations of the private sector, the knowledge of scientific
researchers and engineers, and the conservation and economic development
tools of governments.

The unanimity of purpose and vision cuts across interests, economic sectors and
regions.
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Strong Grass Roots Support for Coastal Stewardship
Responses to the issues often go far beyond current policies and programs. For
example,
•
•
•

•

There is strong interest in conserving cultural heritage.
The public will accept occasional limited restrictions on where, when or
how it engages in coastal recreation provided that the restrictions enhance
the quality of the recreational experience, or protect the environment.
There is strong support in the admittedly somewhat biased sample for more
actively managing growth and settlement patterns. In general, participants
support master planning to guide specific developments, coupled with more
aggressive implementation, enforcement and updating of the master plans.
Participants are interested in eliminating inappropriate stimuli to
development. One example cited repeatedly is federally subsidized flood
insurance on barrier beaches.

The need for political courage and bold leadership is a recurrent theme in the
text comments. The support for the visions in these and other areas implies that
the necessary political support might reasonably be expected, should bold
leadership be forthcoming.
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COASTAL MANAGEMENT AND THE INTERNET: RESULTS OF AN
INITIAL ANALYSIS
Robert Kay, coastalmanagement.com
Patrick Christie, School of Marine Affairs, University of Washington

This brief abstract presents the initial findings of work in progress on the role of
the Internet in coastal management as of April 2000. Given the active nature of
this research, due to be completed for submission to the journal Coastal
Management by June 2000, only a brief outline of the research methodology is
presented here. The presentation of this paper at the Coastal Society Conference
will be the first public delivery of the results of the research.
The Internet is an integral part of the professional lives of many of today’s
coastal managers. The ability to communicate almost instantly with colleagues
around the world through email, and find information via the World Wide Web
has provided a new dimension to the current practice of coastal management.
It is remarkable to consider that this rapid adoption of the Internet by coastal
managers has occurred in only a very short time. Outside the university and
military sectors, the Internet has only been accessible since the mid 1990s. Its
impact is described by some as ‘the most revolutionary invention of the past 40
years’ (Hollands 1999)
Our research has aimed to analyze this phenomenon by addressing the following
questions: What, then, have been the factors which have caused such a rapid and
widespread adoption of the Internet by coastal managers? What is the Internet
currently used for in coastal management, and by whom? What are the
constraints and opportunities presented by the Internet for both professional
coastal managers, and more broadly those who use the coast for recreation and
to earn a living?
Coastal management is largely about monitoring, evaluating, information
sharing, and communication (Kay and Alder 1999). Therefore, it is logical to
expect a significant impact from the rapid introduction of a information
management and communication tool like the internet.
The Internet is changing extremely quickly. As such, research deliberately
undertaken intensively over an intensive four month period of January to June
2000. Consequently, the findings of the research be considered as a ‘snapshot’
of the state of the Internet, its technology, and its impacts on coastal
management over this period. The expectation of the authors is that future work
analyzing the interaction between coastal management practice and the Internet
will be able to benchmark against this paper which, in turn updates an initial
analysis of the issue by Green 1995).
9

Our approach to the writing of this article is eloquently summarized by Graham
(1999):
‘The scale and speed at which ... the Internet... has entered
ordinary life in almost all its aspects is very striking. But,
despite its popularity and the rate at which it has spread, it is
still very new, too new in fact to allow much in the way of
retrospective reflection on its nature and impacts. Even so, its
importance can hardly be denied and consequently the
impulse to try to think about what it is and what it may mean
for culture, law and politics is very great. Anyone who
undertakes to write in a reflective vein, however, must accept
that both the technology and its use are sure to alter
considerably even while such reflection is taking place.’ (p.1)
To follow Graham’s lead, we have followed our impulse to analyze and reflect
on the current role of the Internet in coastal management and scrutinize how the
Internet may affect coastal management in the immediate future. The
Tambayayong project jointly developed by the Universities of Washington
(USA) and Silliman University (Philippines) provides a case study .
The research includes a summary of the overall historical development and use
of the Internet, including analysis of language groups using the Internet and
socio-economic disparities in Internet use both between developed and
developing countries and within developed nations. This analysis uses a
growing body of literature on the so called "digital divide" between the digital
"have and have nots" National Telecommunications & Information
Administration 1999).
Then the current status of how the Internet is used in coastal management is
described and analyzed. This includes descriptions of the use of the Internet for
communication, information collection and interaction. The findings of the first
survey of integrated coastal management Websites is also presented.
The impacts of the Internet on coastal management are analyzed from two
perspectives. The first perspective is to examine the rapidly growing literature
which analyses the influence of the Internet on society at large, which is itself an
extension of studies examining the societal impact of computer technologies in
general. Second, the personal experience of the authors as coastal management
practitioners involved both in the overall field of coastal management, and
specifically in the use of the Internet in CZM. Where possible literature which
links the Internet with natural resource management, and specifically coastal or
ocean management is used. However, given the dearth of specific Internetcoastal management literature it is important to stress the essentially
personalized nature of this second frame of analysis.
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The results of the analysis are divided into two groups: the primary impacts of
the internet on the practice of coastal management and coastal management
professionals; and the potential secondary impacts of the management of coastal
resources as a result of the economic and societal changes brought about the
‘new economy’ stimulated by the Internet.
Of course, it can be argued that the development of the Internet in coastal
management may turn attention away from the hard tasks at hand that mostly
require face to face contact, in the field work. The authors have often heard that
the draw to all things new and the Internet, is a considerably dangerous
distraction from broader societal problems, and by extension those problems
which relate to coastal management. And while email allows for ever growing
communication opportunities, does it come at some cost? How, for example has
the ability to communicate as easily with a colleague across the world impacted
on working relationships closer to home, especially in taking the time to
communicate with the people around us? The research findings attempt to
balance the assessment with consideration of unintended negative impacts.
A key outcome of the research is the potential for the Internet as a transforming
technology for coastal management. In this sense, the Internet is distinguished
from other technologies used in coastal zone management, for example the wave
buoy or the use of computer-mediated conflict resolution - useful as each of
these are. ‘Transforming’ is a recurrent theme of our research, which describes
significant changes to the social, economic and cultural practices of coastal
managers and users of coastal resources. This contrasts to the notion of the
Internet being ‘tacked on’ to existing CZM practice, effectively being merely an
appendage, rather than facilitating the transformation of the field as it evolves
early in the new millennium.
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DEMONSTRATING THE UTILITY OF A REGIONAL, WEB-BASED
OCEAN PLANNING INFORMATION SYSTEM: MEETING COASTAL
STATE POLICY OBJECTIVES WITH INTERNET TECHNOLOGY
Hamilton Smillie, Kimberly Cohen & Eric Treml,
Technology Planning and Management Corporation
National Oceanic and Atmospheric Administration
Coastal Services Center
Abstract
The Ocean Planning Information System (OPIS), developed by the NOAA
Coastal Services Center in partnership with the states of North and South
Carolina, Georgia, and Florida, provides the coastal management community
with access to regional georeferenced regulatory and environmental spatial data
critical to timely, integrated decision making and analysis. Major features of the
site include an interactive mapping application; marine and coastal spatial data;
data and metadata download tools; Federal Geographic Data Committee
(FGDC)-compliant metadata; and legislative summary pages, all designed to
support regional ocean management. OPIS is in its first year of release and
second year of development and has undergone significant improvements such
as increased mapping functionality, new data layers (including remotely sensed
data and near real-time links), a more robust legal policy section, and scenarios
describing potential uses of the data and information. These scenarios range
from simple data visualization and map display, to more sophisticated spatial
analysis using data and information from the OPIS site. This paper illustrates
how OPIS can be put to use by the coastal management community to achieve
regional and state-level ocean management objectives.
Introduction
In the U.S., ocean resources are governed and managed under a system of
federal, state, and local agencies that share jurisdiction and responsibility. Many
laws and regulations have evolved over time to protect and manage ocean
resources. These policies and programs, however, have historically been
developed and implemented as single-purpose regimes, with little thought to
how they would interact with other resource management considerations (NRC
1997). This has led to a fragmented and poorly understood system resulting in a
nation ill equipped to address the inevitable conflicts that arise offshore. In
order to improve management of ocean resources, a more integrated, holistic
approach must be adopted.
Under technical leadership of the National Oceanic and Atmospheric
Administration (NOAA), staff at its Coastal Services Center (the Center) are
building upon ongoing state-level management efforts to develop a model for
13

regional ocean governance and management. The Ocean Planning Information
System (OPIS) will help facilitate the shift from fragmented management of
individual ocean resources to integrated management of ocean ecosystems. The
primary objective of the OPIS project is to enhance regional and integrated
approaches to ocean management in North Carolina, South Carolina, Georgia,
and Florida. In order to meet this objective OPIS provides easy access to
comprehensive ocean-related data and information. This paper serves as an
introduction to the OPIS project and how the data and information can be
applied to help meet state coastal management objectives.
The Need for an Ocean Planning Information System
Governance in ocean areas involves the management of publicly owned
resources over vast expanses of national territory. The inherent open and fluid
nature of the ocean environment causes difficulty in the physical delineation of
jurisdictions, rights, and responsibilities therein. Locating and identifying the
limits of sovereignty and jurisdictional boundaries in the ocean is clearly much
more difficult than on land where a stake can be placed or a landmark
referenced. The ability to visualize the spatial relationships between widely
distributed marine resources and the laws and regulations that govern them is an
essential component of a successful ocean management approach. Many ocean
governance and management issues have a spatial component that can be
analyzed using advanced mapping technologies, such as a geographic
information system (GIS). For example, the conflicts arising from a proposed
dredge disposal site that is in close proximity to an area of hard bottom known
to be important fish habitat can be addressed, in part, by looking at the spatial
relationships between the two areas. The ability to visualize regulations, laws,
and management structures can assist policy makers in understanding ocean use
conflicts, help to point out inconsistencies in national or state policy, and
educate the public on ocean issues. Many of the natural resource data are
available in map form, but U.S. laws and regulations have not generally
contained the necessary components to adequately map their spatial extents.
The need to adequately map and compare applicable policies, legislative
information, and ocean resources led to the conception and development of
OPIS.
The concept of a regional ocean planning information system for the Southeast
was envisioned by NOAA’s Office of Ocean and Coastal Resource Management
(OCRM) and the State of North Carolina. A partnership was forged between
OCRM and the Center, and development of a regional ocean governance tool
began. During 1996 and 1997, OCRM and the Center held a series of meetings
with partners from the States of North Carolina, South Carolina, Georgia, and
Florida, as well as other relevant federal and regional agencies, to identify
priority issues within the region. Concurrently, the Florida Marine Research
Institute (FMRI) developed a prototype ocean GIS for Florida’s extensive
marine areas. The product of this effort, the Statewide Ocean Resources
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Inventory (SORI) is an Internet mapping and data retrieval application housing
150 georeferenced marine and coastal data sets (Florida Department of
Environmental Protection 1998). In early 1998, the Center began an ongoing
effort to expand upon SORI by building a prototype to include the region
bounded by the coastal zones of the Carolinas, Georgia, Florida, and the U.S.
Exclusive Economic Zone. The OPIS study region covers approximately
400,000 square miles where resources are managed by more than ten federal
agencies and a larger number of state organizations (Figure1).

Figure 1. OPIS study area
This effort to outline the policy framework is part of the ongoing effort to
facilitate the shift in the U.S. from fragmented management of individual ocean
resources to a more integrated, region-wide management approach. Major
features of the OPIS site include an interactive mapping application, marine and
coastal spatial data, associated metadata, and legal summary pages, all designed
to support regional ocean management.
The project is targeted at the southeastern U.S. coastal community (e.g., state
coastal management programs, National Marine Fisheries Service, U.S. Coast
Guard, Fisheries Management Councils). OPIS allows the ocean resource
manager to investigate significant issues and environmental resource maps and
associated legislative information on the Internet. The unique element in this
product is the linkage between ocean policy and geography. Each applicable
data layer contains a link to appropriate legislation; for example, when viewing
the artificial reef data, links to a summary and full text of the National Fishery
Enhancement Act are provided. When the user clicks on an area of interest
within the map, a list of links to the legislative information and managing
agencies is returned. The flexibility of Internet mapping technologies allows the
users to obtain the level of detail needed to satisfy the analysis. For example,
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the user can examine the attributes of a feature or list the names of the federal
regulations pertaining to that point. One can select a particular act and look at a
summary of that legislation or link to the actual U.S. Code of Federal
Regulations for more information.
Issues Associated with Georeferencing Legislative Information
GIS provides an excellent organizing framework for sorting out the complexities
of the jurisdictional framework within the coastal ocean. Linking the policy
with the geography for the OPIS project required a technical and geographic
analysis of the marine boundaries, the regulatory structure, and areas where this
structure is applied to the surface of the earth. The reality of the situation is that
very few of the U.S. regulations were written with modern mapping technology
in mind. It is not uncommon to find incorrect, imprecise, or inaccurate
boundary coordinates published in the U.S. Code of Federal Regulations. Such
instances may be the result of simple human error, a misinterpretation of
ambiguous legal language, or a lack of understanding of mapping principles and
technologies. In a paper cartographic world, many of the inaccuracies
associated with mapping a feature are masked by the scale and width of that
feature. And because digital mapping technologies enable the development and
visualization of extremely precise maps, it is essential that those who develop
policy understand these important concepts so that the geographic representation
of the legal information is accurate.
To define the geographic extent of pertinent laws, the Center compiled an
inventory of key federal statutes with direct relevance to ocean and coastal
resource management. To accomplish this task, the Center's project staff relied
upon the expertise of numerous federal and state agency workers, the developers
of SORI, the U.S. Code, and numerous other legal sources. After compilation,
the spatial extent of each law, if relevant, was determined either through reliance
upon the sources listed above, or through data developed by the Center, other
agencies, and OPIS partners. Once an accurate geographic representation of the
spatial applicability of a piece of legislation was completed, the data layer and
associated information were added to OPIS. As stated in the goal of the project,
easy access to the data and information is provided within the OPIS Web site.
All of the data are available for download in either Environmental Systems
Research Institute (ESRI®) ARC/INFO® coverage or ArcView® shapefile format
along with metadata compliant with federal standards.
Putting OPIS to Work
In addition to the spatially referenced political and jurisdictional boundary layers
and environmental data, OPIS provides coastal managers with information that
can assist in a wide range of project planning efforts and management situations.
The ability to visualize regulations, laws, and management structures can serve
the dual purpose of directing policy makers toward potential legislative gaps or
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conflicts and educating the public about important ocean issues. A series of
management “scenarios” were created to demonstrate product utility both for the
simplification of jurisdictional complexity and the generation of a more
integrated management approach. Each of these scenarios attempts to illustrate
how the unique combination of a particular policy with its spatial representation
can help simplify complex coastal management issues.
The scenarios currently available within the OPIS product demonstrate its utility
for fisheries law enforcement issues, the location of coastal sands for beach
renourishment, and essential fish habitat determinations. These scenarios are
strictly demonstrational and meant only to suggest potential applications for the
coastal management community. As OPIS develops a wider audience within the
coastal and ocean resource management community and begins to generate
feedback, the scenario section will be enhanced to include in-depth case studies
of instances where OPIS data and information were used to achieve regional and
state-level ocean management objectives. The OPIS development team will
solicit input from the coastal management communities of partner states
regarding detailed project planning processes and data sets necessary to meet
these objectives. The case studies that result from this collaboration will spawn
dialogue among the state agencies and programs and create a more integrated
management approach.
The OPIS mapping tool allows the user to create site-specific views for
visualization and comparison of overlapping political and institutional
boundaries. In addition to the “Pan,” “Zoom,” and “Identify” capabilities, the
mapping tool allows the user to select a specific point and generate a list of
agencies and laws associated with that point (Figure 2).

Figure 2. The OPIS Internet mapping interface and public law query return
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From this list of site-specific legislation, the user may select a particular piece of
legislation to link to a summary of the law and, if necessary, the full legal text
within the U.S. Code of Federal Regulations. If users require further agency
information, they may use the links provided to access a summary of that
agency's activities, as well as additional links associated with specific divisions
and offices. Access to this information can be essential for fisheries law
enforcement, for example, in which regulations regarding size restrictions and
catch limits vary from region to region and are constantly updated to account for
changes in species abundance and distribution. OPIS can help minimize
confusion by providing a direct link to the fishery management council that
maintains jurisdiction, as well as its frequently updated, on-line regulations.
As described within the “Mining Coastal Sands for Beach Renourishment”
scenario, project managers must be aware of the environmental resources or
sensitive habitats located either within or in close proximity to a potential
dredging site in order to mitigate any ecological disturbance. The on-line
mapping tool allows users not only to identify locations of sensitive areas, but to
access legislation and policy information that mandate protection of these areas.
Additional site-specific information that may be necessary to resolve a
permitting or regulatory issue (i.e., contacts, agency and programmatic
information) is also easily accessible through links provided.
Although the mapping application does provide users with basic spatial analysis
capabilities, especially complex management issues may require additional
higher-resolution data sets and more robust spatial analysis functionality in order
to be sufficiently addressed. The beach renourishment scenario demonstrates
that, while the on-line mapping application may not be able to conduct such
complex analyses, each of the data sets and georeferenced regulations contained
within the mapping application is available for download along with the
associated legal summary and metadata compliant with federal standards. Once
the files are downloaded, those who have GIS software on their desktop are able
to maintain the functionality of a geospatially referenced jurisdictional
framework, while conducting detailed spatial analyses on more localized data
sets.
Summary
Spatial analyses of ocean policy can provide an important component in
balancing the conflicting uses of resources that are occurring in our planet’s
oceans. Tools such as GIS can help policy makers identify gaps and overlaps in
regulations. These types of decision support tools can lead to better
management decisions and more integrated ocean management strategies. In
order to conduct the necessary analyses, spatial deficiencies of policy and
management regimes must be identified and addressed. New regulations must
consider the state of the technology and adequately describe the geography
under consideration. Where possible, federal agencies must clear up ambiguities
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in legal descriptions. OPIS is an example of what can be accomplished when
these components are in place. The OPIS project is under continued
development and improvements are being made that will further aid the coastal
management community in achieving regional and state-level ocean
management objectives.
The OPIS Web site can be accessed at
http://www.csc.noaa.gov/opis/.
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HI-TECH DOWNEAST: USING SATELLITE TECHNOLOGY AND
OCEANOGRAPHY TO IMPROVE COASTAL MANAGEMENT: THE
PENOBSCOT BAY MARINE COLLABORATION
Josie Quintrell, Maine Coastal Program, Maine State Planning Office
Anne Hayden, Resource Services, Island Institute
Jill Meyer, NOAA Coastal Management Fellow, NESDIS

Penobscot Bay is one of Maine's most diverse and productive ecosystems,
supporting a thriving lobster fishery, a booming tourist economy and serves as
one of Maine's 3 major port areas. For the last four years, NOAA's National
Environmental Satellite and Data Information Services (NESDIS) has funded a
pilot project in the Penobscot Bay to demonstrate the utility of oceanographic
study, remote sensing technology and GIS for coastal management. Using
satellites, airborne sensors, underwater remotely-controlled devices, moored
buoys, lobster boats and research vessels, a multidisciplinary team of scientists
have collected data on the geology, circulation, intertidal and subtidal habitats,
nutrients and lobster populations. This study has yielded new and, in some
cases, surprising information about the structure and function of the bay's
ecosystem. This new information, made accessible to coastal managers,
fishermen, residents and others will inform the sustained management of the
bay. This paper will examine the benefits of using technology in coastal
management, including recommendations for transferring the techniques used in
the pilot project to other areas.
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COZDIS – A TOOL FOR INTEGRATING COASTAL AND
OCEANOGRAPHIC DATA
Bohdan Pillich, SevenCs GmbH, Hamburg, Germany

Abstract
COZDIS, or Coastal and Ocean Zones Display and Information System, is a
new type of digital information system with the capability to combine a
wide range of four-dimensional oceanographic and coastal data to create
environmental scenarios adaptable to a wide range of uses.
COZDIS uses the methodology of the Electronic Chart Display and
Information System (ECDIS) which has been developed for navigational
purposes and is also a Marine GIS. The data in COZDIS are in a vector
format, i.e. each point of data is defined by a set of coordinates. COZDIS
relies on an international standard (S-57) and the data encoded in
accordance with it can be displayed on any COZDIS-equipped PC, without
the need for any proprietary tools, resulting in a commonality throughout
coastal and oceanic regions. Thematic overlays will allow superimposition
of selected time variables on the underlying, also temporally variable,
bathymetry and topography, thus permitting to examine and analyse
temporal and spatial relationships between and within the two groups.
COZDIS facilitates reuse and transformation of data. It can incorporate
models for forecasting time variables and create a four-dimensional GIS. It
can also use knowledge-based methods enabling the combination of
environmental data and process simulations. In addition, it can integrate
marine and terrestrial data including remote sensor based information.
It is also a communication tool - it can interface with environmental data
centres and provides communication channels between data providers and
users. COZDIS can also be interfaced with e-commerce to facilitate
marketing and distribution of its products.
Introduction
The coastal zone is an area of constant dynamic change and represents some
of the world’s most valuable resources, both natural and economical. Most
aspects of coastal zones are temporally variable, which makes these areas so
complex and difficult to manage. The holders and especially the users of
coastal data need a tool that can integrate, visualize, manage and present the
information in a flexible way. The seas and oceans never stay still and their
dynamics are very complex. They also control or influence local and global
climate. The users of oceanographic data need a tool for integrating
information from various databases and for manipulating and presenting the
information.
ECDIS methodology of both, data encoding and display can be easily
extended to cover coastal zone and oceanographic applications and to
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provide the required flexibility. It is a tested and proven system which relies
on the international standards and has already shown that it is capable of
handling temporal variability of the objects and of displaying them
dynamically which is not possible with traditional Geographical Information
Systems (GIS). The need for this capability has been recognised early by the
hydrographic community [Pillich, 1995], and the relevant methodology
developed gradually over the last few years.
ECDIS, COZDIS and GIS
ECDIS stands for Electronic Chart Display and Information System. It has
been developed to display the vector format Electronic Navigational Charts
(ENC) - the legal equivalent of the paper navigational charts. ECDIS is
however more than just an electronic version of a paper chart - it provides
more information, faster and more accurately than any previous navigational
system. Since the data are in a vector format, i.e. each point of data is an
object described by the relevant attributes and defined by a set of coordinates relative to the origin of the co-ordinate system, all objects on a
chart or map can be interrogated for additional detailed information.
ECDIS is in reality a marine GIS, or Marine Information System (MIS). It is
grounded on an international data transfer standard S-57 [IHO, 1996a]
which supports most of the MIS requirements including an ability to accept
additional objects necessary for new subjects and handling temporal
variability of the dynamic objects. This flexibility is extended to coastal
zone and oceanographic applications. The word ECDIS applies only to typeapproved navigational usage and should not be used outside this domain.
The IHO proposed a term “Coastal and Oceanic Zones Display and
Information System (COZDIS)” for extended, non-navigational coastal zone
and oceanographic applications.
A GIS stores information in form of a collection of thematic layers that can
be linked together by geographic co-ordinates. This powerful and versatile
concept is also underlying COZDIS. As mentioned before, all data are in a
vector format where, by definition, every object has a set of geographic coordinates. Each object is described by its attributes. Search and presentation
can be done according to objects and/or attributes. In the vector chart,
information about points, lines, and polygons is encoded and stored as a
collection of x, y points. The location of a point feature can be described by
a single set of x, y co-ordinates. Linear features are stored as a collection of
point co-ordinates and polygonal features as a closed loop of co-ordinates.
COZDIS can also handle the z co-ordinate of vector data, thus allowing to
represent a three-dimensional world. In addition, COZDIS, like other
modern GIS, is capable of displaying raster maps. A raster map is simply a
scanned map, a collection of pixels and not of objects, and does not provide
the functionalities of a vector chart, e.g. it cannot handle the z dimension.
COZDIS, like GIS, integrates spatial data with other information. However,
generally, a GIS is not capable of handling the temporal variability of the
objects, the data have to be static. The main advantage of COZDIS over the
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conventional GIS is the capability to display temporal variability of its
objects. Most of the data in COZDIS is time variable. In reality all objects
which make up the electronic charts or maps, including coastlines and
bathymetry, change with time at varying speed and frequency and with
varying level of regularity and predictability.
GIS software provides the functions and tools needed to store, analyze, and
display geographic information with the key components being:
•
•
•
•

Tools for the input and manipulation of geographic
information
A database management system
Tools that support geographic query, analysis, and
visualization
A graphical user interface for easy access to tools

COZDIS can also provide these functionalities. An additional advantage that
COZDIS has over the GIS is the fact that it is based on the international
standards thus ensuring a full interoperability. These standards prevent users
from becoming locked into a vendor-specific system.
Coastal Zone and Oceanographic applications of COZDIS technology
The coastal zone is a most complex environment – a dynamic conjunction of
atmosphere, ocean, freshwater and terrestrial forms. Coasts are exposed to
extreme physical forces, which affect topography, bathymetry and all the
creatures that live there. Changes in climate influence the structure of the
coastline, both on its appearance and composition. Thus one can say that
coastal zones are not static, but under constant re-development.
The complexity of oceanographic processes belies the apparent uniformity
of water. The oceans are not only a major food source of growing
importance but also influence climate and therefore the life and livelihood of
all people. It is of vital importance to manage and use effectively the everincreasing amounts of oceanographic data. It is equally vital to recognise the
need for effective management and visualisation of the enormous range of
time varying objects which exist in Coastal Zone [Graff, 1999]. Observing,
analysing, modelling and presenting this constant variability is a major
challenge. COZDIS can be an ideal tool to make these tasks easier. New
developments in 3-D remote sensing altimetry, e.g. spaceborne Synthetic
Aperture Radar (SAR) as well as airborne SAR, LADS, LIDAR or
SHOALS, now enable the user to seamlessly integrate topographic and
hydrographic data to produce highly accurate models of the land/water
relationship. The addition of thematic overlays addressing all the aspects of
the oceanography and of Coastal Zone will permit superimposition of
selected time variables on the underlying, also temporally variable,
bathymetry and/or geography, thus permitting the examination and analysis
of temporal and spatial relationships between the two. This COZDIS
methodology allows the user to integrate, visualize, manage and present the
information in a flexible way to accommodate different users needs.
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COZDIS can be installed on an individual PC for local use and application,
but its most likely installation will be on a server. It will receive data and
model outputs from the providers, integrate and interpret them using in-built
knowledge-based methods, and provide visualisation, if necessary. The
results will be available to the users over Internet (see Fig.1).
Once fully developed, COZDIS will address some of the most imporatnt
GIS issues concerning the coastal zone:
• Temporal issues
• GPS integration and real-time processing systems
• Processing and interpretation of data from multiple sources
• Marine and coastal modeling and visualization (particularly 3D and 4-D)
• Integration of spatial analysis with policy, legal and/or
economic issues, particularly in the coastal zone
New developments in ECDIS promise a quick progress of COZDIS. At
present, ECDIS objects and attributes for meteorological and oceanographic
data are being created. Presentation of some oceanographic variables, like
tides and currents is already possible.
The dynamic representation of water level has been already developed for
ECDIS and is available for COZDIS.

Parametric simulation of
environmental processes
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data

COZDIS
www

models
object-oriented
architecture

data

integration
interpretation
visualisation

Query interface
Knowledge-based
methods
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Fig. 1

Conceptual diagram of COZDIS
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Data Sources
Advances in remote sensing are now supplementing traditional data sources
for the coastal zone and oceanography, like in-situ instrumental monitors,
numerical models and computer simulations. This applies to the bathymetric
as well as topographic information. All forms of data, particularly these
already in digital form, are readily adaptable for use in COZDIS.
Remote Sensing and High Resolution Coastal Baseline Mapping
Remote Sensing offers the potential to develop high resolution Digital
Terrain Models (DTMs) of coastal areas, including the land adjacent to the
shoreline, the near-shore and the inter-tidal zone. Synthetic Aperture Radar
(SAR) and laser ranging (LIDAR) technology have demonstrated capability
in producing DTMs with high horizontal and vertical resolution. Several
countries are now employing airborne LIDAR in mapping coastal areas,
merging land topography with shallow water bathymetry.
The inter-tidal zone is difficult and costly to chart accurately. Data depicting
rocks and shoals are extremely difficult to acquire in shallow water. In
addition there is a horizontal limit to which shallow soundings may be
safely acquired. By obtaining data at low tide, LIDAR yields continuous,
full bottom coverage of the intertidal zone, allowing a seamless merge of the
shoreline 3D data with existing multi-beam bathymetry. Potential flood
areas of coastline can be accurately determined with high resolution DTMs.
The following charting and mapping issues can be addressed by merging
Remote Sensing information into COZDIS:
•
•
•
•

Flood mapping of coastal lowlands (tsunamis, rising sea levels and
storm surges.
Measurement of shoreline for hydrographic field surveys and coastal
erosion.
Precise spatial models for vertical datums.
Off-datum charts and maps in remote areas

Data updating
Automatic updating of data developed for ECDIS can be also used for
COZDIS applications. Some update parameter values can be predicted or
forecast, other variables may come from computer simulations, and others
still may rely on real or near-real time information. Networks of
meteorological and oceanographic instruments are presently used to provide
real-time data to the onshore servers for quality control and model input, or
for direct near real-time information transmission to the users. COZDIS
could be an ideal server platform.
Different communication methods will be used depending on application. A
remote user will be able to use ftp or e-mail capabilities to download
forecasts from a server via landlines, GSM telephony, or via satellite links.
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Data standards
There is a growing momentum towards co-ordination and single sourcing of
data. Importance of metadata, data exchange and archive standards for
marine and coastal GIS is being realised by all participants. The
International Oceanographic Commission (IOC) is working with other
organisations towards establishing a single data exchange standard for all
oceanographic and coastal data, including centralisation of data distribution
and products [IOC, 1998]. Consideration is being given to use the S-57
format as a standard in connection with XML.
The combination of S-57 and XML is a promising one. The two
methodologies complement each other with S-57 supporting the official data
from Hydrographic Offices, and XML capable of handling other sources.
They both describe contents of data - the receiving computer can classify
and interpret them through a suitable plug-in software module. To simplify
the process, the XML tags can be attached also to the S-57 data, thus
making the XML a container for all data. Both methodologies support also
the separation of data and presentation.
Display methodologies
Since practically all objects shown by COZDIS, whether contained in the
underlying map/chart or in thematic overlays, can be considered as time
variables, we can look at the whole concept from a different point of view.
Each object can be treated as having multiple dimensions for any given data
point. Of course, the temporal variability adds an important dimension of its
own as does any data that varies with depth or height. Thus each vector
point containing any data will have at least four dimensions: x, y, z and
time, plus as many other dimensions as there are objects attached to this
point. Multi-dimensional encoding will be necessary, as the present methods
cannot effectively handle the expected amounts of time variable data especially the real or near-real time data. The provision of multidimensionality together with dynamic representation of variables will make
COZDIS a versatile tool for the future. Most of the time variable data lend
themselves easily to dynamic representation. Technology for such
representation exists today, and it is expected that the users will be able to
utilise full COZDIS capabilities in the near future.
The methodology of displaying information on the ECDIS screen is
restricted by the S-52 standard [IHO, 1996b] which does not apply to
COZDIS. It is suggested however, that the internationally standardised
symbology for chart and meteorological data be retained since most users
are already familiar with these.
The most important aspect of both proposed data handling methodologies
(S-57 and XML) is the separation of data and presentation. In each case, the
databases contain only the geo-referenced data without display information.
The display is handled separately by the so-called presentation libraries. On
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one hand it makes any data modifications or updates faster, on the other it
offers an enormous flexibility of display. The same information can be
presented in a different way, depending on the user requirements. This way,
COZDIS can satisfy various user groups requiring access to the same data
but for different purposes with different display needs. Various presentation
libraries can be stored on the COZDIS server, or the user can download only
the data with his/her own presentation library handling the display. It will be
also possible to use other parameters than x, y, z as the data dimensions.
Data used in thematic layers can come from several sources – real-time
transmitters, numerical model forecasts, predictions, etc. – to provide a
seamless display. Users can interrogate all the objects encoded in
accordance with the S-57 standard [IHO, 1996a] to determine the source of
data and other details. A thematic layer can be sourced also from a computer
simulation. Since nowadays the task of evaluating model results is no longer
solely that of the model expert, a user-friendly access to complex models
and their results is needed. COZDIS can provide this access. Its
standardised, open platform solution can be adapted to all marine and
coastal zone requirements via its user-friendly interface which gives the user
a high quality synthesised view of his/her environment.
Most of the variables discussed here are three dimensional in their effect.
Trying to represent them on an electronic copy of a paper map restricts us to
the methods used by the paper print technology. COZDIS can free the user
from these unnecessary chains of old technology. Innovative techniques for
marine data conversion, display and modelling in COZDIS will be
developed to accommodate the users’ needs, e.g. three-dimensional display.
Conclusion
The importance of being able to rapidly generate, access and manipulate
multi-dimensional environmental data within a coastal or oceanic area
presents cannot be exaggerated. Public and private sectors are committing
significant resources and are making long-term decisions regarding the
collection, management, and use of spatial data for coastal zone and
oceanographic applications. These actions are influenced by present
priorities and opportunities, but their ultimate success depends on whether
they will be relevant to future requirements [Lockwood, 1997]. COZDIS
provides the necessary flexibility to adapt to these future needs.
Conventional GIS suffers from a lack of standards that can lead to
interoperability problems. COZDIS relies on international standards and the
data encoded in accordance with them can be without the need for any
proprietary tools. With the interoperability provided by the international
standards and a rigorous data structure with built-in expandability of objects
and attributes for new subjects, its ability to handle temporally variable
information, and the flexibility of display, COZDIS could become the
preferred tool for Coastal Zone and oceanographic applications. The
combination of the thematic data layers and the ability to represent time
variables will make COZDIS a suitable tool to examine and analyse
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temporal and spatial relationships between the selected time variables and
underlying, also temp orally variable, topography and bathymetry.
Development of COZDIS to its full capacity will have numerous and varied
effects. Scientists, surveyors, managers, planners, engineers and the general
public will all benefit from new applications and services possible from
COZDIS which can provide the necessary environmental and geographic
information for critical planning and management decisions for coastal and
ocean resources. Managers of coastal zone areas will have a better tool to
interpret the multi-faceted time variable data sets and to predict and mitigate
the negative effects of various natural phenomena (e.g. rising sea levels,
storm surges, tsunamis, etc.). Business will gain from better planning and
reduced costs. Urban and rural planners will gain additional capability for
managing coastal infrastructure.
The scientists will have a new tool to advance understanding of interaction
of many temp orally variable parameters within the oceans, in the coastal
zone and on dry land. Data suppliers will gain from new markets for their
products through data integration from different sources. The public will
benefit from more efficient information dissemination.
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RESPONSE AND RESTORATION:
NOAA AND THE TRUSTEE STEWARDSHIP OF COASTAL RESOURCES
Teresa Ann McTigue, National Ocean Service, Office of Response and
Restoration

Oil spills, toxic material releases, and hazardous waste sites commonly occur in
coastal areas, impacting natural resources and potentially causing the long-term
degradation of ecologically sensitive habitats. The approximately 200 large oil
spills each year in US marine waters and the over 700 hazardous waste sites
occurring in the nation’s coastal zone contaminate water and sediments,
producing both acute and chronic effects in a wide variety of organisms. The
National Oceanic and Atmospheric Administration, a federal natural resource
trustee, responds to these releases and conditions as a part of its mandated role
as a steward of the nation’s marine resources. This response effort includes not
only participation in the containment of released materials and damage
assessment efforts, but work in the restoration of impacted habitats and the
design of mitigation projects to replace lost ecological function.
Work toward the restoration of coastal habitats takes place both before and after
a spill occurs or contamination is discovered. NOAA scientists and economists
are involved with a wide array of activities that facilitate restoration efforts, from
research toward the understanding of contaminant effects and environmental
recovery to regional planning to maximize the cumulative positive effects of
restoration on a watershed scale. When a spill occurs or contamination site is
discovered, NOAA works with its co-trustees to protect the resources from
further injury, assess the extent of the injury, determine the amount and form of
restoration required, and negotiate with the responsible party to achieve
restoration of injured resources. NOAA scientists continue to be involved
through the evaluation of the success or failure of the restoration projects to
determine if the actions taken were effective.
The Exxon Valdez oil spill in Prince William Sound, Alaska, released 10.8 million
gallons of oil that impacted 1,300 miles of coastline, primarily along the Kenai and
Alaska Peninsulas. It was the largest spill ever originating in US waters. In the
more than ten years since the spill, NOAA's Office of Response and Restoration
Hazardous Materials Division (OR&R Hazmat) has continued to study the effects
of the oiling on intertidal biology, chemistry, and geomorphology within the
impacted area and evaluate the numerous cleanup measures used in Prince
William Sound. While overt signs of spilled oil are less obvious today than in
past years, contamination still exists in soft substrates and in subsurface areas of
gravel shorelines. Scientists with OR&R have been working to further our
understanding of ecosystem response dynamics and recovery trajectories in the
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presence of wide spread and highly damaging injuries. NOAA’s monitoring
program is the only such long-term database on the spill’s effects and is the only
continuous record of recovery. These studies are allowing scientists and
managers to better assess the chronic and widespread effects of this oil spill, as
well as evaluate the recovery of injured resources.
Panther Creek in east central Idaho is a tributary of the Salmon River that once
supported extensive runs of spring and summer Chinook salmon, a fish listed as
threatened under the Endangered Species Act. The species declined in the creek
and disappeared from the watershed in 1963. Copper and cobalt have been
mined within the Panther Creek drainage basin at Blackbird Mine since the late
1800’s. In years past, active mining operations released toxic levels of hazardous
materials, primarily copper, into the watershed. More recently, surface and
groundwater flowing through the now inactive tunnels still discharge
contaminants into the adjacent hydrologic system. The loss of the salmon
population within Panther Creek has been clearly linked to this long term and
continuing contamination problem by scientific studies conducted by the
trustees in this case (NOAA, the State of Idaho, and the U.S. Forest Service), and
the Environmental Protection Agency.
NOAA’s Coastal Protection and
Restoration (CPR) Program took the lead at this site in performing and reporting
results of bioassessment studies in 1993-1994 to determine the effects of copper,
arsenic, and cobalt pollution on native fish species. NOAA CPR and Damage
Assessment Center (DAC) scientists continue to coordinate EPA Remedial
Investigations and trustee assessments to ensure that contamination sources are
removed or controlled, and protective water quality objectives are achieved
through the remedial effort. A restoration plan was developed to restore water
quality within Panther Creek, return salmon runs to the size expected if the
Blackbird Mine discharge had not occurred, and compensate for the natural
resource losses seen from the time of the initial injury until restoration is
complete. NOAA scientists and economists have worked with co-trustees in the
assessment of damages and, with EPA Region 10, in the development of the
cost-effective strategy for remediation and recovery/restoration of the area. The
trustees will remain active in overseeing the implementation of the restoration
plan over a period of years, as Panther Creek is returned as functional habitat for
resident and anadromous species.
In 1991, a hurricane deposited nine longline fishing vessels on coral reef flats in
and adjacent to Pago Pago Harbor, American Samoa. The U.S. Coast Guard’s
initial response included the removal of approximately 10,500 gallons of fuel oil
from three of the vessels. A second pollution response action in 1999 resulted in
the Coast Guard constructing causeways and working platforms out to and
around the grounded vessels to allow them to be dismantled for removal of fuel
tanks and other sources of contaminants. NOAA scientists were deployed to
assess damage to the reef flats by the response actions. This assessment then
formed the basis of an Emergency Restoration Plan, developed jointly by the
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American Samoa Government, NOAA, and the U.S. Department of the Interior.
The restoration plan includes the repair of physical damages to the reef flat
substrate, removal and later reestablishment of live corals from areas to be
temporarily covered by causeways, and complete removal of the grounded
vessels and their associated debris. To minimize further environmental injury,
restoration efforts have been fully integrated into the Coast Guard’s response
actions. Nearly 3,000 coral colonies and live coral fragments were moved to
holding areas during the vessel removal process and are due to be transplanted
back into the impacted area to augment natural recovery processes. Also
included in the plan are surveys to determine whether the scientific utility of the
Aua transect is impaired by the necessary response action. The Aua transect,
located approximately 200 meters from one of the vessels, is a 270 meter line from
shore to reef crest that has been surveyed periodically since 1917. It is the
second oldest coral survey line in the world and the oldest in the Pacific Ocean.
NOAA post-response surveying of this line will determine what, if any, changes
have occurred as a result of the pollution response efforts. Additionally, the
surveying work will contribute to the long-standing permanent record at Aua and
increase our understanding of population dynamics of the 31 species of corals in
the area. The Pago Pago Harbor project has been innovative in both its
approaches to restoration and the rapidity with which the project has advanced.
NOAA’s restoration work takes place in many of our coastal states, across a
broad range of habitats, and has been instrumental in the creation or refinement
of techniques and approaches that can be applied to similar circumstances
elsewhere. While there has been substantial progress made in our ability to
address and remedy impacted habitats, it is important that the cycle of drawing
and applying lessons learned continues. Restoration efforts contribute to the
continued availability of diverse and highly productive ecosystems, critical to
the ecology and economic health of our coastal areas.

Teresa Ann McTigue
Office of Response and Restoration
National Ocean Service
1305 East-West Highway, Station 9132
Silver Spring, MD 20910
Phone: (301) 713-2989x115
Fax: (301) 713-4389
Email: Terry.McTigue@noaa.gov
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OIL SPILL SCIENCE AND POLICY: WHERE ARE WE AND WHERE
ARE WE GOING?
Donald W. Davis, PhD, Louisiana Applied and Educational Oil Spill Research
and Development Program

An Introduction to Oil and Gas in Louisiana
Louisiana’s oil and gas business began in 1901 (less than a year after the
famous Spindletop discovery south of Beaumont, Texas) when W. Scott
Heywood drilled the state’s first producing oil well. While this discovery was
located near the south Louisiana community of Jennings, north Louisiana’s
Caddo Lake was considered a better prospect. Some of the industries most
successful early exploration pioneers - Mike Benedum, Joe Trees, J.M Guffy,
and M. Carl Jones - were attracted to the region. It was around the lake’s
perimeter where some of the first primitive water-oriented exploration and
development technologies were tried and perfected. With the accomplishments
in north Louisiana, oil men ignored south Louisiana’s swamps and marshes.
The southern landscape was a challenge to work in and considered by many as
worthless - not fit for human habitation. That perspective quickly changed.
Once seismic crews began to survey the area, they brought attention to the
hydrocarbon reserves locked in the subsurface stratigraphic traps that underlie
the near-sea-level-surface topography. Surface and subsurface salt domes were
of particular interest.
Wetland exploration required rethinking exploration techniques. Boats and
barges were essential. Oil companies needed port facilities to aid and support
their marine operations, yet none existed. It was not until the 1930s that the
necessary ancillary support facilities were sufficiently developed to make
extensive wetland exploration practical. To approach potential exploration sites,
suction, or bucket dredges cut navigable channels through the region’s alluvial
wetlands. With time, a labyrinth of canals guaranteed lease access. A major
problem remained, no one had yet devised an efficient, mobile drilling platform.
Companies could move to drilling sites by boat, house and feed their crews on
barges, but they did not have a cost-effective, mobile, exploration structure. A
stable, shallow-draft drilling platform was the solution. Patent rights to the
design for a submersible drilling barge were obtained by the Texas Company
(Texaco). They built the structure and immediately revolutionized the
industry’s approach to wetland exploration and development. Quickly, new
fields were added to the state’s inventory and oil entrepreneurs began to eye the
Gulf of Mexico as a potential site for new “finds.”
In 1937 the first attempt was made to drill a well in the Gulf of Mexico. Four
years later, Pure and Superior Oil companies completed a well 6000 ft offshore
from Creole, Louisiana. The offshore industry was born. Even with this early
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activity, it was not until 1947 that an oil consortium successfully completed a
well out-of-sight of land. This well opened a new chapter in the petroleum
industry; completing the land, marsh/swamp, and offshore exploration history of
Louisiana’s petroleum industry. Today, more than 3600 fixed structures are
anchored to the floor of the Gulf of Mexico.
Although offshore production numbers declined in the 1980s and early 1990s,
the use of new technologies on and offshore suggest Louisiana’s offshore
hydrocarbon province is hardly dead; it is alive and well and the companies
involved are operating with a new lean attitude. With little to no fanfare, indeed
in relative anonymity, the offshore industry was reborn. Clearly, deepwater is
America’s new frontier; in fact, exploration and development activity is
proceeding at a frantic pace, breaking decade-old records. The region is defying
all predictions of its demise. Blockbuster discoveries are a reality.
A new oil and gas province is being carved within the deepwater Gulf of
Mexico, which has suddenly emerged as the nation’s most significant oil and
gas province. The industry has been reborn. In fact, currently 20% of the drilling
rigs operating in the United States are in the Gulf of Mexico. In 2000 it is
estimated the industry will drill 994 new wells in the Gulf of Mexico - a 30%
increase over 1999. With this renewed activity, the chance of an accidental
discharge of oil is increased and the state’s valuable estuarine/marine
environments are particularly vulnerable.
Unlike the “gushers” that characterized the industry’s early history, wild wells
are rare today, as modern preventative measures are designed to reduce this risk.
At the same time, spills do occur. Where are we in meeting this challenge? The
record within the exploration and production phase (called within the industry
“upstream”) is quite good. It is “downstream” where there are problems.
Human error in the transportation of hydrocarbons continues to be a concern.
Even so, most spill events are small and measured in tens of barrels, instead of
thousands; nevertheless, they are important. Mobilizing all of the required
agencies and cleanup organizations in a seamless team to react and deal with the
spill in an efficient manner has become an integral part of spill planning and
management through a unified command.
Since Louisiana’s shoreline is the first line of defense against these spills, it is at
risk. The vast array of on and offshore production platforms, thousands of miles
of pipeline, extensive network of canals and navigable waters involved in the
transportation of oil, all contribute to the risk. This exposure, in conjunction
with limited highway access to the coast’s remote and isolated areas, along with
minimal staging facilities, creates serious planning and response problems. If a
spill occurs, the Louisiana Oil Spill Coordinator and his staff are responsible for
oil spill response. In 1994, a total of 3471 oil spills were reported to the Oil
Spill Coordinator’s Office.
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Louisiana’s Oil Spill Coordinator’s Office (LOSCO)
In response to the Valdez incident, the Louisiana Oil Spill Prevention and
Response Act (OSPRA) was enacted as part of the First Extraordinary Session
of the 1991 Louisiana Legislature. The Act created within the Office of the
Governor the Oil Spill Coordinator’s Office (LOSCO) that is designated as the
lead state agency for the prevention of and response to oil spills in Louisiana.
The Act’s intent is to provide a centralized, neutral body to whom all questions
regarding oil spill prevention and response are directed and from whom all
decisions on this subject matter emanate. Consequently, when prevention fails
and oil is discharged into the environment, LOSCO activates the state’s response
procedures and makes every effort to minimize adverse impacts from the spill.
LOSCO’s primary role is to provide a state-on-scene coordinator (SOSC) and
ensure an effective, coordinated state response. This requires constant planning,
training, and practicing of response procedures.
Within the guidelines of its legislative mandate, Louisiana’s Oil Spill
Coordinator’s Office developed an aggressive approach to oil spills to help
facilitate prevention, response and cleanup strategies. Where is LOSCO in
meeting its efforts to minimizing oil spills? In this regard, LOSCO:
•
•

•

•
•

•

•

•

•

maintains an oil spill notification database;
requires every owner or operator to provide tank vessel and
facility response plans (LOSCO’s library currently encompasses more
than 1800 plans);
has assumed a leadership role in the development of uniform
procedures for pre-approval of the use of dispersants (in January 2000
aircraft using Corexit 9527 successfully dispersed a 1500 barrel Gulf of
Mexico spill) along with other innovative wetland response measures;
oversees the budget of the Louisiana Applied and Educational
Oil Spill Research and Development Program (OSRADP);
developed an Oil Spill Response Management Training
Program designed to train government and industry personnel on how
to respond to an oil spill;
developed an inventory of abandoned or derelict barges and
vessels in Louisiana’s coastal waters that were assigned a priority
ranking for removal;
a Joint Operating Procedures (JOP) Program between
LOSCO, the U.S. Coast Guard, and the U.S. Environmental Protection
Agency has been established to remove the abandoned vessels and
eliminate the threat of a spill;
initiated a multi-year abandoned non-hazardous oilfield waste
pit and facility study to determine the sites that pose the highest risk to
human health through an actual or potential discharge of oil;
LOSCO established a partnership with the Office of
Conservation in the Louisiana Department of Natural Resources to plug
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•

•

•

the abandoned wells and eliminate the threat of a potential discharge;
developed a Geographic Information System (GIS) with 42
geo-rectified layers that overlay a seamless satellite image of Louisiana
at 30 meters resolution and serves as an important document for oil
spill planning and response (available on CD-ROM and on LOSCO’s
web site);
the GIS is a part of LOSCO’s environmental baseline
inventory that supports contingency planning by providing
environmental and resource information needed for oil spill response,
incorporated into this data set are protected areas, sensitive
environments, potential oil spill locations, ocean currents, historical
hurricane tracks, remedial action facilities, spill locations and other
features required for oil spill response and planning;
developed a sampling and analysis program within the coastal
zone that involves1180 sample sites. For three years these sites were
visited annually; 3540 samples were collected. Each site is analyzed
for 65 analytes (34 Polycyclic Aromatic Hydrocarbons, alkanes,
isoprenoids and hopane); for quality assurance 9 control analytes are
used.

Through this integrated approach, the Oil Spill Coordinator’s 10 member staff
developed a program that successfully uses the expertise within the private,
government and academic sections to better protect Louisiana’s valuable
resources. In the event of an oil spill, in conjunction with the state’s trustees,
LOSCO often seeks to develop viable wetland-oriented restoration projects,
rather than pursuing monetary compensation for natural resource injuries. To
assist in developing effective oil spill strategies, based on the best research and
development techniques available in the state, the Oil Spill Coordinator can
utilize information derived from the state’s oil spill research and development
program.
Louisiana Applied and Educational Oil Spill Research and Development
Program (OSRADP)
Subject to annual appropriation by the Louisiana Legislature, LOSCO, with the
approval of the Oil Spill Interagency Council, provides $536,300 in research
awards to successful university-based proposals. Projects funded through the
OSRADP are designed to deal with a broad range of problems associated with
oil spills. Information provided through this process contributes to the state’s oil
spill response, prevention, and training process.
Although in some areas interest in oil spill research may be waning, this is not
the case in Louisiana. In fact, the program may be getting stronger. Since the
fall of 1993, the OSRADP has granted 68 awards in support of 42 projects;
$46,925 is the average award. Individual projects can be reviewed on the
Internet at www.osradp.lsu.edu., which gives a complete history of the
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program’s funding.
Some of the projects funded through the OSRADP include:
• oil spill awareness through geoscience education (OSAGE);
• potential impact of used oil recycling in Louisiana's coastal fishing
communities;
• Landsat Thematic Mapper (TM) and synthetic aperture radar to facilitate
coastline delineation;
• environmental effects and effectiveness of in-situ burning in wetlands;
• training selected groups in the utilization of the Louisiana oil spill
contingency plan map CD-ROM;
• oil spill risk on Louisiana’s largest waterway;
• use of ammoniated bagasse for remediation of wetland soils contaminated
with crude oil;
• composting technology for practical and safe remediation of oil spill
residuals;
• predictability of oceanic and atmospheric conditions off the Mississippi
Delta;
• phytoremediation for oil spill cleanup and habitat restoration in Louisiana’s
marshes;
• research, compilation, and digitization of undocumented and abandoned
Louisiana pipelines;
• survey of Louisiana seabird colonies to enhance oil spill research;
• effects of crude oil and spill-response-options on microbial functions and
oil disappearance in salt marsh soils;
• the interaction between oil spills, chemical responses and fresh marsh types
in determining toxicity to indigenous aquatic animals and the detail of
hydrocarbon analysis required to predict this toxicity;
• use of donor seed banks in terrestrial vegetation recovery after an oil spill;
• wave-current online information system for oil spill contingency planning;
• remediation and restoration of an oil contaminated wetland and pine forest
site;
• factors controlling wetland recovery after in-situ burning for oil
remediation;
• phytoremediation of petroleum: identification of plant traits that enhance
degradation;
• trajectory analysis planner program for the Calcasieu estuary;
• boat ramp and launch site inventory; and
• phytoremediation studies for onshore oil spills.
One year after submission of final deliverables, and after a thorough and
complete edit, all projects are distributed together on a single CD-ROM. In
addition, to help foster the research effort, the OSRADP compiled an electronic
bibliography from a key word list that best fits the goals and objectives of the
program. This reference tool is a “living” document that serves as a conduit to
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oil spill information.
In the future, the program will continue to focus on: (1) education, training, and
public awareness; (2) remote sensing and mapping; (3) spill response, cleanup,
and harmful ecological consequences; and (4) spills-of-opportunity. Research
into all of these areas will be encouraged. However, after six years of funding
highly focused research, it is critical that the science developed with OSRADP
support is incorporated into the oil industry’s planning and response strategies
with the approval and support of the various regulatory agencies. Results from
these projects are only useful when they are implemented. Investment in the
research initiatives can only be justified when the various regulatory agencies
incorporate the research results/material in their oil-spill-cleanup protocols. On
the shelf, the research initiatives are not meeting the program’s applied mandate.
Acceptance by the regulatory community can lead to better response in the
future. If not approved by the regulatory community, the research will have at
least been assessed. Regardless, questions will be answered. Rejection is not
necessarily bad, if it leads to better science. It is imperative the best efforts are
used to limit an oil spill’s environmental impacts. This is the goal of all parties
involved in the oil spill cleanup “business” and must be part of the regulatory
agency’s oversight and management of spill events using the best available
science to minimize the event’s environmental/habitat consequences. Planning
and response can be enhanced by good science.
Planning and Response Strategies
On September 15, 1999, LOSCO announced that the state’s oil spill contingency
plan was available for distribution. In a clear and concise manner the plan
defines how the state will respond and direct cleanup activities in an actual or
threatened oil spill event. This plan was developed in cooperation with the
local, state, and federal agencies responsible for oil spill response, cleanup, and
restoration activities. It was written to complement and augment existing plans
and to address specific concerns of the state of Louisiana. The plan is the
backbone of the state’s response efforts and is reviewed and/or revised annually.
In addition, the plan helps in the assessment of damages that are critical
components in documenting an oil spill’s environmental effects.
Natural Resource Damage Assessment (NRDA)
Since the mid-1970s, Congress and the President have enacted a suite of
environmental laws to address the degradation of the Nation’s natural resources.
Explicit statutory authority to restore injured natural resources began with the
Clean Water Act and continued with enactment of the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA or
Superfund), and the National Marine Sanctuaries Act. In the Oil Pollution Act of
1990 statutes, Congress included Natural Resource Damage Assessment
(NRDA) to compensate, in some way, for the injuries and losses associated with
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an oil spill. After a spill, a natural resource damage assessment is conducted to
determine compensatory damages. LOSCO is the lead agency for NRDA in
Louisiana. As the lead agency, LOSCO is responsible for coordinating NRDA
issues with all state and federal trustees (see www.state.la.us/osr/reg/register for
the NRDA rule). Historically, NRDA settlements are substantial.
The NRDA process allows state trustees, and other experts, to evaluate
ecological injuries related directly to an oil or hazardous material spill. This
analysis is used to design a scientifically valid restoration program designed to
compensate the public for injures to the state’s valuable natural resource base.
The goal of a NRDA is to return the injured natural resources to baseline
conditions and compensate for interim losses. In Louisiana, a 1992 blowout in
Timbalier Bay resulted in the discharge of between 600,000 gallons (14,285
barrels) of light Louisiana crude in 11 days. Although most of the oil was
consumed by the fire, approximately 96,000 gallons (2285 barrels) were
discharged into Timbalier Bay. Oil that escaped from the containment boons
impacted more than 122 acres of the bay’s intertidal marshes. Because of the
spill’s size and impact, the trustees performed an ecological analysis to
determine the scale of wetlands creation necessary to compensate for injuries,
while minimizing the cost and duration of the assessment so restoration could
commence in an expeditious manner. As a result of this analysis, the
responsible party (Greenhill Petroleum Corporation) initiated a program to place
sand on one of the state’s barrier islands; 21.7 acres of marsh habitat were
restored.
In December 1996, the trustees certified completion of the
construction phase. A five-year program began in October 1994 to monitor the
health and viability of the created marsh and to ensure the NRDA-derived
restoration process was a success. To help streamline this process, LOSCO has
been proactive in preplanning for NRDA by initiating the NRDA - regional
restoration plan (NRDA-RRP). Currently, in the development stages, these preapproved plans will allow the trustees to quickly, efficiently and in a costeffective manner restore the identified resources after a spill.
Summary
Industrial historians point to the Spindletop discovery as the birth place of a new
industry and the symbol of the oil and gas business. From this beginning, new
partnerships were forged among a diverse coterie of academic, private and
public sector elements who recognized Louisiana’s valuable wetlands were
vulnerable to an oil spill. To meet this challenge, the state enacted legislation
creating the Oil Spill Coordinator’s office, with clearly defined guidelines and
authority, as outlined in the Louisiana Oil Spill Prevention and Response Act.
The Act serves as the blueprint for oil spill planning, response, restoration,
science, and prevention.
The OSRADP’s: co-development of a CD-based GIS; research into the viability
of in-situ burning in wetlands; phytoremediation in wetland and upland
environments; pipeline analysis and mapping; Landsat Thematic Mapper (TM)
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and synthetic aperture radar to facilitate coastline delineation; oil spill risk on
Louisiana’s largest waterways; use of ammoniated bagasse for remediation of
crude oil contaminated wetland soils; predictability of oceanic and atmospheric
conditions off the Mississippi delta; survey of Louisiana seabird colonies to
enhance oil spill research; wave-current online information system for oil spill
contingency planning; remediation and restoration of a contaminated wetland
and pine forest; trajectory analysis of the Calcasieu estuary; boat ramp and
launch site inventory and other projects are helping define where the OSRADP
is going in the future.
All of these efforts focus on a common goal: oil spill prevention and cleanup in
a scientifically-based efficient and practical manner using the best techniques
available, with approval from the regulatory community to meet the integral
demands of an oil spill. Where we have been is clear. Where we are going is
clear. The remaining question is: “Will the regulatory community begin to
analyze and accept Louisiana’s scientific-based efforts in spill management,
response, cleanup, and prevention? Through a number of handshake agreements
between the various parities/agencies involved in an oil spill, it is clear the
environment will be better served by the trust inherent in these arrangements.

Dr. Donald W. Davis
Louisiana Applied and Educational Research and Development Program
258A Military Science Building,
Louisiana State University
Baton Rouge, LA 70803, USA
Phone: (225) 388-3481
Fax: (225)388-0403
Email: osradp@ibm.net
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ABSTRACT

BENEFITS OF REDUCING DEPOSITION OF ATMOSPHERIC
NITROGEN IN ESTUARINE AND COASTAL WATERS:
THE NAAQS EXPERIENCE
Eric Slaughter & Dwight Atkinson, Capital Land Company

Excess nutrient loads, especially that of nitrogen, are responsible for a variety of
adverse consequences to the health of estuarine and coastal waters. These effects
include toxic and/or noxious algal blooms such as brown and red tides, low
(hypoxic) or zero (anoxic) concentrations of dissolved oxygen in bottom waters,
the loss of submerged aquatic vegetation due to light reduction by algal growth,
and fundamental shifts in phytoplankton community structure. East and Gulf
Coasts are committing billions of dollars to reduce traditional water pollution
sources such as direct discharges from sewage treatment, urban stormwater
systems, and agricultural runoff.
The deposition of atmospheric-borne nitrogen, however, is also a major
contributor to overall estuary loadings in many areas. In addition to impacts on
estuarine and coastal waters, atmospheric nitrogen emissions, principally in the
form of nitrogen oxides (NOx), are also precursors to ground-level ozone and
secondary particle formation. Efforts to reduce NOx emissions through such
mechanisms as the National Ambient Air Quality Standards (NAAQS) for ozone
and PM 2.5 would therefore also benefit estuaries and coastal waters.
In its 1996 and 1998 NAAQS analysis, the benefits realized by communities
surrounding a representative sampling of 12 East and Gulf Coast estuaries due to
reduced airborne nitrogen deposition resulting from NOx controls driven by
alternative ozone, PM 2.5 NAAQS, and the State Implementation Plan for
reducing emissions affecting the Northeast were examined. From this sample,
projections of the expected benefits realized for all Eastern estuaries were made.
In this paper, these estimates are summarized and the impact on national air
pollution policy is discussed.

Eric Slaughter
President
Capital Land Company
600 Water St., SW, NBU 5-16
Washington, DC 20024
fax: 202/554-0699
telephone: 202/554-0677
email: elizrose@capitalyacht.com
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HABITAT EQUIVALENCY ANALYSIS AS A TOOL FOR CALCULATING
COMPENSATION REQUIREMENTS
Nicholas Iadanza, National Marine Fisheries Service

Compensatory mitigation to offset unavoidable damage to wetlands and other
aquatic resources is the final step in the sequence of mitigation actions defined by
the Council on Environmental Quality (40 CFR 1508.20). A Memorandum of
Agreement (MOA) between the Environmental Protection Agency and the
Department of the Army Corps of Engineers (COE) concerning mitigation under the
Clean Water Act Section 404(b)(1) guidelines provide policy and procedures to be
used in the determination of the level and type of mitigation necessary for
compliance with the goal of restoring and maintaining existing aquatic resources.
The MOA specifies that “appropriate” mitigation shall be based on the values and
functions of the aquatic resource that will be impacted. The objective of mitigation
for unavoidable impacts is to offset environmental losses. This is interpreted as
mitigation providing, at a minimum, one for one functional replacement (i.e., no net
loss of values), with an adequate margin of safety to reflect the expected degree of
success associated with the mitigation plan.
Designing compensatory restoration so that it fully compensates for the loss of an
aquatic resource is a challenge. Full compensation for losses occurs when the
values supplied by the restored or created habitat match or exceed those that would
have been supplied by the original habitat had it not been disturbed.
Compensation for resource losses is determined using methods that range from
applying compensation ratios based on professional judgements that specify acres
of compensation required to replace acres lost, to relatively sophisticated models
that allow a more quantitative measure of the functional value of habitats and an
assessment of functional equivalency.
There is a general consensus among natural resource agencies for recommending
compensation ratios greater than 1:1 in order to ensure full replacement, but the
ratios vary by state according to the type of habitat damaged and the type of
mitigation proposed. Castelle et al. (1992) reviewed regulatory requirements for
compensatory mitigation ratios in 16 states and several Washington State counties
and cities and found ratios ranging from 1:1 to 6:1 depending upon wetland values,
location of the mitigation site, and type of wetland habitat. The scientific literature
also contains a variety of recommendations. Josselyn et al. (1990) suggest that
because of the delays in implementing compensation projects and the failure of past
compensation projects to adequately replace losses, mitigation should not be
permitted with less than one-to-one replacement. Willard and Hiller (1990) noted
that created and restored wetlands often change in size, wetness, and ecosystem
type and recommended that they should be designed well “oversize” compared to
the wetlands for which they compensate. Krucynski (1990) suggested a 1.5:1 ratio
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for wetland restoration, a 2:1 ratio for wetland creation, and a 3:1 ratio for wetland
enhancement, based on uncertainties regarding the success of the compensation
and the time it takes before becoming fully functional.
Recommending minimum acreage replacement greater than 1:1 appears to account
for uncertainties and ensure no net loss but it does not directly address functional
equivalency. Issues related to consistency with past compensatory mitigation
requirements; type of compensation proposed (in kind or out of kind; on site or off
site; restoration, creation, enhancement, or preservation); construction timing of the
compensation project; uncertainties regarding the measure of habitat functions at
impacted and replacement sites; site-specific conditions; and the potential tradeoff
of habitat types complicate the process of assigning mitigation ratios. Comparison
of functions and values at the impacted and replacement site, time to full function
at the replacement site, and uncertainty regarding success are expected to be taken
into account but the lack of a consistent, quantitative approach generally results in
recommendations based on professional judgement.
The practical interpretation of the “one for one functional replacement (i.e., no net
loss of values)” requirement in the EPA-COE MOA has been an acre for acre
replacement and a preference for “on-site, in-kind” compensatory mitigation. The
ability to assess habitat tradeoff opportunities where compensation might be
achieved by replacing the loss with a higher quality habitat is limited. In some
cases, the preference for “on-site, in-kind” mitigation resulted in restoration projects
being undertaken at inferior sites that failed to meet environmental goals, while
diverting restoration funds away from more promising “off-site” projects. As a
result, the preference for on-site mitigation has softened, and off-site mitigation,
including mitigation banking, has gained acceptance (King, 1997). The State of
Washington recognizes the problems with strict adherence to the “on-site, in-kind”
requirement for compensatory mitigation. While it often remains a requirement to
replace a lost wetland with the same type, the State recognizes that there may not
be adequate opportunities to create the same type of wetland and that in some
cases, a different type of resource restoration makes more ecological sense
(WADOE, 1998).
Several methods have been proposed to assess the value of aquatic habitats and
use a more quantitative approach to determine functional equivalency. Methods
that rely heavily on quantitative data are usually hampered by year-to-year and
season-to-season population fluctuations, requiring costly and frequent field
surveys at many different sites over a considerable time period. Methods such as
the Wetland Evaluation Technique consider a wide range of hydrologic and
ecosystem functions but base assessments on the likelihood that a function could
be provided at a site, not the level of its environmental significance. The
hydrogeomorphic wetland assessment method released by the Corps of Engineers
in 1996 is regarded as a well-rounded and science-based method for comparing
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wetlands and uses a set of regional reference wetland sites for indexing wetland
functional capacity, but is limited by the fact that reference sites have not been
developed for all areas.
Determining compensation requirements, whether based on professional judgement,
or data on the relationship of animal populations to specific habit types, involve
“scaling,” where a judgement or conclusion is made that the functional value
provided by the compensatory action equals the functional value lost due to the
injury. Therefore, the basic components to any “scaling” exercise are some
knowledge of the magnitude of the loss (acres of wetland filled, fish killed, aquatic
production lost, etc.), and some measure of the potential services provided by the
proposed compensation actions (expressed in units comparable to the loss).
Habitat Equivalency Analysis (HEA), one of the methods used by NOAA to
determine compensation in natural resource injury cases under the Comprehensive
Environmental Response, Compensation, and Liability Act, and the Oil Pollution
Act, is based on determining equivalency between lost and restored resources and
services. It has application as a tool for determining compensation requirements
when habitat types different in quality and value than those lost are part of a
compensatory mitigation proposal. Use of a simplified HEA approach for
determining compensation ratios for wetland mitigation was proposed by King et
al., (1993). Relative measures of functional capacity, which may be expressed as
living fish and wildlife resources, their habitats, or services provided, can serve as
the “currency” for comparing ecosystem values (King, 1997). The values lost at the
impacted site are expressed in relative terms using the pre-impact capacity of the site
as the baseline. The gains in value at the compensatory restoration site are
measured in relative terms using the pre restoration capacity of the site as a
baseline. An HEA model is used to calculate compensatory mitigation requirements
based on the replacement of functional value (no net loss), taking into account: 1)
habitat functions provided by the original and replacement areas, 2) speed with
which the created/restored habitat reaches the sustained level of function expected’
and 3) discounting of replacement habitat related to when gains and losses accrue.
A project in Commencement Bay, Washington was selected as a pilot study to
evaluate the appropriateness of using HEA in determining the adequacy of
compensatory mitigation. The project involved a proposal to use a waterway as a
confined disposal site for contaminated sediments, with the consequent loss of
13.57A of intertidal and subtidal estuarine habitat. The compensatory mitigation
proposed included a mix of creation, restoration, and enhancement of intertidal
habitat on an approximate 19.95A site in a nearby waterway, and enlargement and
enhancement of a tidally-influenced freshwater wetland on an approximate 6.34A
site near, but not open to, the Puyallup River. Approximately 6.87A of upland was
proposed for excavation to create aquatic habitat at the nearby waterway site; 3.41A
of upland would be excavated at the wetland site. The remaining compensation was
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to be accomplished by filling subtidal areas to intertidal elevations and restoring and
enhancing existing aquatic intertidal and wetland habitat. The mix of actions, and
the fact that the proposal resulted in a net loss of aquatic surface area (13.57A filled,
10.28A excavated), raised questions regarding the adequacy of the compensation
package. The compensatory mitigation proposal consisted primarily of “off-site,
out-of-kind” mitigation and involved a variety of restoration and enhancement
actions. There was concern regarding the adequacy and applicability of traditional
compensatory mitigation ratios, and an HEA was proposed as an evaluation
method.
Representatives from federal and state natural resource agencies, Indian tribes, and
industry, developed habitat type descriptions, their relative values, and
assumptions related to time to achieving full function for a variety of habitat types.
Habitat values were a unitless number based on relative, rather than absolute
values, similar to the concept in the Habitat Suitability Indices used with the U.S.
Fish and Wildlife Service’s Habitat Evaluation Procedures (USFWS, 1980), with a
value of 1.0 indicating optimal conditions and a value of 0 indicating unsuitable
conditions. Habitats were classified according to tidal elevation and substrate type
and relative values based on the value of particular habitat types to juvenile chinook
salmon, flatfish, and selected bird assemblages. Areal substrate type and depth
interval data for the waterways and wetland area, and the current and expected post
construction condition of the compensatory mitigation sites were used to calculate
areas of specific habitat types. Estimates of years to achieve functional value for
the compensatory mitigation habitats were assigned based on the scientific
literature and the participants’ experiences with restoration projects in the Pacific
Northwest. A linear function was used for the years to maximum functional value
following project completion.
Three alternative compensatory mitigation alternatives were proposed: 1) Creation,
restoration, and enhancement of intertidal habitat in the nearby waterway (providing
a permanent fresh water supply to the waterway was included); 2) Alternative one
plus enlarging the Puyallup River wetland and constructing a tide gate connection
with the river; and 3) Alternative one plus enlarging the wetland and creating open
river access. Functional acreage was the metric used to compare values and
evaluate the compensatory mitigation proposals. Functional acres were calculated
for the proposed fill site, and pre and post construction compensation project sites
by multiplying the acres of specific habitat types making up the site by a functional
value for each habitat type. Dividing the functional acres by the actual acres
results in a relative value per acre. This reduces all habitat types and actions to a
common metric based on their combined value to juvenile chinook salmon, flatfish,
and birds. The initial and final values for the mitigation site are expressed relative
to the value of the lost habitat. Compensatory mitigation value provided by a
proposed project is the net increase in functional acres at a compensation site
(expected post compensation project habitat value minus existing pre project habitat
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value; adjusted to account for time expected to reach full function, project
construction timing, and 3% discounting, and a 100-year time horizon for service
production of the lost habitat and mitigation habitat). Comparing the adjusted net
increase in functional value provided by the compensatory mitigation with the
functional value lost at the impacted site allows an evaluation of the adequacy of
the proposed compensation.
The HEA model runs analyzing specific alternatives provided results in terms of the
mitigation ratio required to compensate for the loss in terms of the number of real
acres of the particular mix of actions at the compensatory mitigation site. A
mitigation ratio of 1.65:1 was calculated for alternative one, habitat creation,
restoration, and enhancement actions in a nearby waterway, indicating that 22.40A
of this type of compensatory mitigation would be required. Since the action area
included 19.94A, the proposal was inadequate (a 2.46A deficit). An evaluation of
alternative two, work in the waterway, enlargement of a freshwater wetland, and a
tide gate connection with the river, resulted in a mitigation ratio of 2.09:1, specifying
that 28.38A would be required. The action area for alternative two involved 26.36
acres, suggesting that the proposal was inadequate (a 2.02A deficit). Analysis of
alternative three, similar to two but with open river access for the wetland, resulted
in a mitigation ratio of 1.77:1, requiring 23.97A for compensatory mitigation.
Alternative three consisted of action on 26.36A and was judged adequate (2.39A
surplus).
Differences in the values calculated for the alternatives and judgements regarding
their acceptability were related to the relative value of the habitats provided at the
compensatory mitigation sites, and size of the projects. For alternative one, the
initial functional value (pre construction) at the compensatory mitigation site was
low, and the post construction functional value expected was higher than the
impacted site. This resulted in a substantial net increase in functional value per acre
(0.6969/A) but the site was not large enough to provide adequate compensatory
mitigation. Alternative two involved a larger area but the net increase in functional
value per acre was lower (0.5501/A) because of the tide gate connection did not
appreciably increase values in the wetland for juvenile salmon and flatfish. The net
increase in functional value for alternative three was similar to alternative one and
was judged acceptable because it was of adequate size.
The HEA model provides a logical and consistent way to account for the functional
and temporal aspects that are taken into consideration when assessing
compensation requirements. It is a quantitative process, with the validity of results
limited only by the ability of the users to identify accurate input parameters.
Information ranging from site specific measures of habitat function to professional
judgement can be used to develop model inputs. If data adequate to provide an
accurate characterization of the value of particular habitat types to target organisms
are available, they may be used in calculating functional values. Values are applied
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consistently for both the impacted and compensation areas based on habitat type
and as long as users have carefully considered input values, functional equivalency
may be adequately assessed.

Assessing requirements associated with replacing one habitat type with another is
easier using HEA because the comparisons are based on functional value rather
than acreage. However, there is a drawback to this, as illustrated in this evaluation,
where the acceptable alternative resulted in a net loss of aquatic surface area. “No
net loss of area vs. no net loss of function” is an issue to be considered, and while
the loss of acreage is unpalatable, an argument can be made that habitat loss may
be compensated for in a manner that better serves the resource using a functional
equivalency approach, even if it results in less than a one for one acreage
replacement. Accepting the concept of less than one for one acreage replacement
brings up the issue of the importance of being aware of the value of particular
habitat types, and scaling the size of the projects. It is unlikely that a large area of
poor quality habitat would be considered acceptable as compensation for the loss
of a small area of high quality habitat, even if it resulted in functional equivalency.
Conversely, a small area of high quality habitat might not be considered acceptable
for the loss of a large area of poor quality habitat. A balance must be struck
between the amount of habitat and the quality of the habitat. The model is a useful
tool for equating units of restored habitat to impacted habitat but judgement must
be applied on a site-specific basis to determine habitat types that are acceptable for
compensatory mitigation.
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Houston’s development over the past 100 years from America’s 85th largest city with
a population of 44,633 (1900) to the nation’s fourth largest metropolitan area with a
population of 3.8 million (1990), has, not surprisingly, dramatically altered the
landscape of the area, affecting both the habitats and heritage of Galveston Bay.
Were it not for the dedicated efforts of a number of groups and individuals, the
ability to form good working partnerships between the many users of Galveston
Bay, and the willingness to try innovative techniques in habitat restoration, the
Galveston Bay shoreline might become totally lost to development. Instead, the
Galveston Bay area is the site of some of the most significant restoration efforts
being undertaken in the U.S.
Background
The history of Galveston Bay can be traced back to 14,000 years ago when PaleoIndians hunted wooly mammoths, mastodons, and large bison in the area which is
now Galveston Bay. Of course then, the bay’s shoreline extended upwards of 100
miles further into the Gulf of Mexico than it does today. Primarily used as a food
source for the next 13,000 years, it wasn’t until the early 1800's that the area came
into its own and Anglo-Americans began to establish permanent developments
along its shorelines. By 1850, shipping began to dominate the economy and for the
next 60 years a bitter rivalry grew between Houston and Galveston, each vying for
dominance as a port. Near the end of that period, two events occurred which would
ultimately radically alter man’s interaction with Galveston Bay.
First, around 1903, an inquisitive oil scout began the bay’s petroleum industry, and
the first well was drilled about four years later on the shore of Tabbs Bay in the San
Jacinto River. Second, the U.S. Army Corps of Engineers completed dredging of the
Houston Ship Channel across the bay and up the lower reaches of the San Jacinto
River and Buffalo Bayou to Houston in 1914. As oil production and shipping
expanded, the stage was set for vast industrial, cultural, and environmental changes.
Foremost amongst these environmental changes is the extensive habitat destruction
which occurred simultaneously with the development of the area. Coastal wetlands
and seagrass meadows, the very habitats responsible for the great productivity of
commercially and recreationally valuable fish and shellfish in Galveston Bay,
became particularly vulnerable as the area’s population skyrocketed. As oil was
pumped to fuel the cogs of industry and water was pumped to meet the demands of
a booming population, much of the area along the western shores of Galveston Bay
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actually sunk or subsided, in some cases as much as 10 feet. Add this factor to
habitat loss from storms, sea-level rise, conversion of wetlands to uplands, dredging
and filling, and isolation projects and it becomes readily apparent that the wetlands
were being attacked from all corners. In fact, the Galveston Bay system has lost
some 30,000 acres or 20% of wetland habitat just since the 1950's, far exceeding the
national average losses for estuarine wetlands.
While Texas has oft been criticized for its lack of commitment to address
environmental problems, once on-board, Texas moves in a fashion it is well known
for-“in a big way.” And so it is, that with regards to wetland restoration, Texas, and
in particular the Galveston Bay area, is moving forward on many fronts to address
the problem of loss of wetland habitat in a big way. And while coastal zone
management is relatively new in Texas (the Texas coastal management plan was
approved only in 1997), the work of restoring habitats in Galveston Bay has begun
in earnest, largely as a result of the creation of the Galveston Bay Plan and the
Galveston Bay Estuary Program. Indeed, the Galveston Bay Estuary Program is
viewed in Texas as a forerunner in elevating hands-on management of coastal
environments to the level of the ecosystem; and in doing so, has encouraged an
integration of traditionally disparate institutions.
The Galveston Bay Plan and Galveston Bay Estuary Program
Section 320 of the Water Quality Act of 1987 authorizes the use of federal funds for
a five-year planning process leading to completion of a Comprehensive
Conservation and Management Plan. In 1988, the state of Texas, at the prompting
of a group of active citizens led by two very head-strong women from the then
recently-organized Galveston Bay Foundation, bought into this program and work
on the Galveston Bay Plan began two years later, under the auspices of the Texas
Water Commission, which later became the Texas Natural Resources Conservation
Commission.
The Galveston Bay Estuary Program (GBEP) was established to develop the
Comprehensive Conservation and Management Plan (CCMP) for Galveston Bay.
The structure of GBEP continues to reflect a strong commitment to consensusbuilding. From the outset, the approach taken by the Management Conference to
develop the Galveston Bay Plan was one of consensus-building among all
Galveston Bay user groups, government agencies, and the public. This approach
is based on a philosophy that the best governance for Galveston Bay can only be
established by strong and direct involvement of the people who live and work in the
Galveston Bay region. No environmental program in the history of the state has
involved citizens and stakeholders more actively in environmental problem-solving.
Over a five-year period, working in a collaborative fashion, over 220 individuals
helped to create the Galveston Bay Plan to address threats to the bay resulting from
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pollution, development, and overuse. This five-year effort consisted of three
phases:
·
·
·

Identification of the specific problems facing the bay;
A bay-wide effort to compile data and information to describe status,
trends, and probable causes related to the identified problems; and
Creation of The Plan itself to enhance governance of the bay at the
ecosystem level.

The Plan includes 82 management initiatives that were established to address 17
specific problems ranging from habitat protection to freshwater inflow and bay
circulation to public health and nonpoint source pollution.
Habitat Protection
The number 1 priority problem identified in the Plan was habitat destruction and its
effect on fish and wildlife populations. Destruction of coastal wetlands and
underwater seagrass meadows has been substantial, with more than 30,000 wetland
acres lost during four decades. These are productive nursery areas for the bay’s
seafood species, which also serve valuable functions to stabilize shorelines,
moderate flooding, and remove contaminants.
The Galveston Bay Plan advocates an ecosystem approach to habitat protection
that will ensure the existence of an optimal variety and distribution of aquatic
habitats, and will sustain the physical and hydrological connections required
between adjacent habitats. Within the Habitat Protection Action Plan, the following
all-inclusive mission statement has been established:
To provide optimal fish and wildlife habitat supporting the
Galveston Bay system by effectively regulating wetland habitat
to preclude net losses; conserving habitat through public
ownership or control; implementing habitat creation, restoration
and improvement programs; reducing the adverse impacts from
dredging and filling; and ensuring management practices that
maximize beneficial uses of dredged material.
The Habitat Protection Action Plan focuses on four key areas and includes nine
initiatives which have been identified as keys to the continued productivity and
biological diversity of the estuary. These four key areas are:
·
·
·
·

Subsidence Reduction
Erosion Mitigation
Wetlands Management and Protection
Beneficial Uses of Dredged Materials
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The remainder of this paper will focus on some of the efforts that have been
completed and are currently underway in Galveston Bay to address these four key
areas.
Subsidence
As previously mentioned, withdrawl of groundwater for drinking and industrial
purposes has caused subsidence all around the Galveston Bay area. As the
elevation of the land surface dropped, marshes drowned and disappeared, quickly.
The water depth increased too quickly for marsh grasses to “migrate” inland. With
the vegetation gone, erosion increased the rate at which shorelines receded. In the
mid-1970's, the Harris-Galveston Coastal Subsidence District was formed to regulate
groundwater withdrawl. As a result, surface water has replaced groundwater as the
primary source of water in the area. Although further elevation loss has diminished
almost completely, the effects of the previous over-pumping are still prevalent, as
unvegetated shorelines continue to erode.
While subsidence seems to be of lesser concern than it has been in the past, the
Galveston Bay Estuary Program continues to monitor subsidence. This fiscal year,
GBEP is teaming up USGS and USFWS to explore the use of interferometric
synthetic aperture radar (INSAR) generated satellite data to provide more timely and
cost-effective data to measure land surface subsidence than traditional methods of
borehole extensometers and geodetic surveys, both expensive and time consuming.
This method has been used with great success to measure land elevation changes
associated with earthquakes in the west, but this will be the first time its application
is tried in a coastal area.
Erosion Mitigation
Erosion Mitigation is an ongoing activity in the Galveston Bay area. While much
of what has occurred as a result of the extensive losses of shoreline has involved
the hardening, or bulkheading of shoreline property, there are also numerous efforts
at mitigation using non-structural or alternative methods. Routinely, at GBEP, we
are asked by homeowners what can be done to stop the erosion along their
shoreline property. Where appropriate, we demonstrate how to plant smooth
cordgrass to help stabilize the shoreline and to “buy time” for the inevitable.
However, in many cases the shoreline is too active for achieving success merely by
planting cordgrass. In these cases, we must also look at minimizing the wave energy
reaching the shoreline. In one of our innovative demonstration projects, we
constructed 1400 feet of oyster reef along an active shoreline by placing oyster shell
in a cradle of cyclone fencing held in place by submerged wooden posts. As hoped,
oyster spat deposition did occur and oysters colonized on the oyster shell
substrate. While the shoreline area was also planted with smooth cordgrass,
sufficient growth has yet to occur to stabilize the entire area and the oyster reef has
51

not developed as rapidly as hoped due to hyper-saline conditions as a result of
reduced freshwater inflows for the past several years. We are confident, though,
that given time, this method of mitigating erosion will prove effective in areas where
oysters can be established and are looking at other areas to try this type of
approach.
In another area where significant wave activity has contributed to erosion,
approximately 2,500 feet of protective features in the form of offshore geotube
wavebreaks and inshore marsh terraces have been placed to protect and stabilize the
bay shoreline along a 2-mile section of Galveston Island. This project which is
currently ongoing at Galveston Island State Park is one of the largest wetland
restoration efforts to date in the State of Texas. This project has the goal of
protecting 240 acres of coastal wetlands while restoring an additional 121 acres and
enhancing another 388 acres. The ability to be flexible and willing to experiment with
different types of restoration is a key to the successes we are seeing in the
Galveston Bay area . Obviously we are still looking for what provides the best bang
for the buck.
Many of the efforts related to restoring shorelines and wetlands which are ongoing
throughout Texas at this time are the result of the Coastal Erosion Planning and
Response Act, a recently enacted law that establishes a $15 million two-year effort
(initially) aimed at mitigating and preventing coastal and shoreline erosion along
Texas’ shorelines. The Galveston Bay Estuary Program has partnered in a number
of these efforts and work is currently underway in a number of sites throughout
Galveston Bay.
Wetlands Management and Protection
Wetlands management and protection occurs on both a statewide and local level
and is an ongoing effort. Acquisition is often considered the most desirable form
of protection for management purposes and it remains a priority for state agencies
with jurisdiction over wetlands, specifically the General Land Office and Texas Parks
and Wildlife. In addition, acquisition of numerous coastal wetlands by non-profit
organizations has occurred over the past several years, with the Audubon Society
and The Nature Conservancy Texas being the major recipients of key wetland
properties throughout the Bay. Among the smaller non-profits which have acquired
wetland properties, the Galveston Bay Foundation has some small parcels and a
citizen’s group known as Scenic Galveston has acquired, and is in the process of
restoring, almost 900 acres of wetlands which were crossed by the construction of
Interstate 45 (the primary road from Houston to Galveston) and a key habitat area
considered as internationally significant for migrating birds and used as winter
habitat.
With regards to management, in 1996, the Texas General Land Office published
Texas Coastal Wetlands as a handbook for local governments interested in wetland
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protection. Following up on this effort, the Galveston Bay Estuary Program funded
a Wetland Conservation Plan for the city of Seabrook. The plan, based on this
handbook, is being used to assist Seabrook in planning for their limited wetland
resources which are under serious pressure for development. The project is nearing
completion and is hoped to serve as a pilot project for other Galveston Bay
communities, which have already expressed an interest.
As part of a grant from the Pew Foundation, the Galveston Bay Foundation
completed a Habitat Conservation Blueprint for Galveston Bay in December 1998
identifying 167 potential wetland sites throughout the bay for restoration. This
blueprint is now being used by many resource agencies, groups, and individuals
throughout the Galveston Bay area to develop wetland restoration projects and take
advantage of federal and state funds available for such.
In a unique case of being truly pro-active, the state of Texas, through the Texas
Coastal Management Program, is currently undertaking an effort to pre-identify sites
along the coast for habitat restoration in the event of a major incident which would
trigger the Natural Resources Damage Assessment (NRDA) process. Obviously,
Galveston Bay, as one of the major petrochemical complexes in the world, is at
significant risk from such a possibility. Working through the Natural Resources
subcommittee of the GBEP, a list of approximately 25 sites have been identified and
are currently undergoing further characterization.
Wetlands protection efforts include both creation and restoration efforts. The list
of these projects which have been completed and are ongoing in Galveston Bay is
significant, and growing. A few are worth mentioning here.
In 1999, a total of 14.5 acres of wetland were restored in less than 2 ½hours by more
than 1,500 volunteers in an event known as Marsh Bash. Now renamed, Marsh
Mania, the next event is scheduled for October, 2000 in conjunction with National
Estuaries Day.
The Pierce Marsh Project, constructed in 1999, created terraces from in-situ material
which was subsequently planted and shows good signs of being successful. A
similar project at Jumbile Cove is scheduled for construction in spring 2000,
although the terraces will be replaced with a series of mounds.
Considerable efforts are underway to address restoration of seagrass beds in
Galveston Bay. GBEP has funded a study by NMFS to explore various methods of
transplanting from both the remaining seagrasses in Galveston Bay and also from
other Texas bays and has been working with Texas Parks and Wildlife to update
maps to compare with historic records.
Houston Lighting & Power, the Port of Houston Authority, and NMFS jointly
sponsored an action plan demonstration project to construct a 5-acre oyster reef in
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Galveston Bay utilizing 12,100 cubic yards of coal combustion byproduct pellets,
more often known as fly ash. The primary objective of the project was to
demonstrate that alternatives exist which are biologically acceptable and cost
effective relative to natural shell. The reef is considered by all means, a successful
project. The value as fisheries habitat has increased over time evolving from a
barren artificial substrate to that characteristic of a natural oyster reef, rendering it
very suitable for creating productive marine fisheries habitat.
Beneficial Uses of Dredged Material
The key to the success of much of the Galveston Bay wetland restoration efforts lies
in the reuse or recycling of dredged materials.
In conjunction with the ongoing expansion of the Houston Ship Channel in the mid1990's, the Interagency Coordination Team (ICT) was established by the U.S. Army
Corps of Engineers to oversee the safe disposal of dredged material and other
environmental issues. The Beneficial Uses Group, or BUG, a subcommittee of the
ICT evaluated possible beneficial uses for the dredged material. The plans for
disposal had to be environmentally sound and economically acceptable,
incorporating, where possible, other public benefits. One such public benefit is
creation of new marshes to benefit wildlife and the businesses that wildlife supports.
Using dredge material, a marsh was created on an eroded section of Atkinson
Island. It was designed to test several methods of marsh restoration to find the best
and most cost-efficient one for Galveston Bay. Information on settlement and
consolidation of dredged materials as well as other factors was gathered and
physical characteristics of nearby functioning marshes were surveyed to determine
the appropriate water depths of the created marsh. Various planting densities were
tested to determine the most productive and cost-effective method of planting.
The success of this project is evident in the continuing improvement of many marsh
functions, such as the increased habitat use by many species. This project
demonstrated practical, economical, and effective methods of marsh creation while
adding over 200 acres of habitat to the Galveston Bay system.
Following this initial pilot project, the use of dredged materials for wetland creation
and restoration has become the norm in Galveston Bay. A number of projects have
been completed, a number are ongoing, and several more are proposed. For
example,
200 acres of marsh are being restored at the San Jacinto State Park
using dredged material. Approximately 100 acres have already been completed.
Work is also underway specifically to develop nesting islands for colonial
waterbirds using dredged material from Galveston Bay.
This approach has even been extended to freshwater wetlands. In the 1950's,
Armand Bayou was lined with freshwater marshes. Mud Lake covered only 100
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acres at high tide, however, after 9 feet of subsidence, 100% of the freshwater
marshes were lost, and Mud Lake now covers about 300 acres at high tide. The loss
of these marshes caused localized reductions in populations of wading birds,
waterfowl, and fish. A multi-partner task force was formed to identify and restore
critical areas in the watershed and the result was the first attempt in the state to
dredge specifically for marsh creation, not as a byproduct of channel construction.
A temporary earth berm and brush fence were built to increase sediment accretion
and material retention, and also to protect the site from erosion until the marsh
grasses were well established. Almost 400 volunteers planted thousands of stems
of cordgrass and eventually this marsh has regained nearly all of the functions of
a natural marsh.
In another demonstration project, the Galveston Bay Estuary Program partnered
with Reliant Energy, EPA, the Natural Resources Conservation Service, and two
small construction contractors to restore 12 acres of wetlands along Clear Creek, a
tributary of Galveston Bay. At its’ Webster Electrical Generating Station, Reliant
Energy was faced with a situation where its intake canal required dredging, and
adjacent to its property, approximately ½mile away along an eroding shoreline, was
an open water embayment where subsidence had changed a once healthy marsh
into open water.
A 2,600 foot long containment levee was constructed along Clear Creek on the outer
perimeter of the placement area and smooth cordgrass was transplanted on the
outside of the levee and a brush fence was built to protect it from incoming waves,
primarily caused by recreational boaters. Two water control structures were
installed at each end of the containment levee to facilitate dewatering of the dredged
material. A barge-mounted, cutter-head dredge began work in December, 1997. The
sediment was allowed to consolidate for eight weeks, allowing the area to achieve
the proper elevation where wetland plants could thrive again. To simulate natural
environmental conditions and increase the likelihood of success, seeds collected in
the fall of 1997 were treated (held over winter in refrigerated seawater) to improve
germination. Treated seeds were planted when weather conditions were optimum
and done by airboat in February, 1998.
This project, a recipient of a 1999 Coastal America Award, demonstrated that
beneficial uses of dredge material can be cost effective and serve as a viable
alternative to traditional upland or landfill disposal. It demonstrated the benefits of
agency-industry partnerships in leveraging resources and expertise and
demonstrated an excellent method of rapid planting in soft sediment, eliminating the
need for labor-intensive hand planting.
Conclusion
The resource agencies and community in Galveston Bay are committed to restoring
the wetlands and habitats lost as a result of development. Working together, these
groups are willing to introduce new initiatives and techniques to achieve this goal.
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IS EFH ESSENTIAL TO RESTORING COASTAL ECOSYSTEMS?
(SESSION OVERVIEW)
Kristen M. Fletcher, Mississippi-Alabama Sea Grant Legal Program
Sharonne E. O’Shea, Washington Attorney General’s Office

Introduction to EFH
The United States Congress opened the proverbial can of worms in 1996 when it
amended the Magnuson-Stevens Fishery Conservation and Management Act
(Magnuson Act) with the Sustainable Fisheries Act (SFA) and adopted language
that some predict will change fisheries management. Through the SFA Congress
sought to increase the attention that fisheries managers and other federal coastal
zone users paid to habitat through “Essential Fish Habitat” (EFH) provisions. What
exactly do the EFH provisions do and how do they compare to other protections?
The EFH provisions require Regional Fisheries Management Councils and the
Secretary of Commerce to identify the essential habitat for federally managed
fisheries, assess adverse impacts to it, and communicate concerns to federal
agencies planning an activity that may affect the habitat. The EFH assessment and
consultation provisions have been compared to the Endangered Species Act (ESA),
resulting in anxiety in the development and fishing industries whose methods and
actions have been affected by ESA provisions. Although the EFH consultation
process parallels the ESA section 7, the similarities end there. The EFH provisions
impose no substantive obligations on the action agency to avoid adverse effects,
only to undergo certain procedural requirements. For this reason, the EFH
provisions more closely mirror the report-driven statutes, the National
Environmental Policy Act (NEPA) and the Fish and Wildlife Coordination Act
(FWCA). These comparisons, however, fail to adequately clarify the procedures
and requirements of EFH and have left many fisheries managers wading muddy
waters.
Reacting to heavy fishing of foreign vessels off the U.S. coasts, in 1976 Congress
passed the Magnuson Act to eliminate foreign fishing within 200 nautical miles of
all U.S. coasts. The Act successfully lowered the foreign vessel effort but did little
to address the continued domestic overfishing which followed an historic, yet
incorrect, view that marine fishery resources were so vast that fishing could not
have a major impact. The Act established eight regional Fisheries Management
Councils (Councils) which were given the authority to manage fisheries through the
creation of Fisheries Management Plans (FMPs). The councils were responsible for
meeting the larger goal of preventing overfishing while still achieving optimum
yields from each fishery. This was done through various techniques including
seasonal closures, quota limitations, gear restrictions, and other limited entry
techniques.
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This business of managing fisheries did not include significant habitat
considerations under the 1976 Magnuson Act. The Magnuson Act originally called
for the National Marine Fisheries Service (NMFS), the federal agency responsible
for assisting the Councils to manage the fisheries, to initiate and maintain “a
comprehensive fisheries research program, including research on the effects of
habitat degradation and improvements on fish populations.” Yet, Congress stopped
short of requiring the incorporation of such research into FMPs, leaving habitat a
research issue, not a management issue. Furthermore, Councils were never granted
the authority to halt development actions which may adversely impact a fishery as
part of the Councils’ fisheries management regime.
The separation of harvest and habitat took its toll. By the late 1980s, a large share
of the traditional and highly prized species were overfished or at least fully
harvested and signs of excess capacity in the harvesting sector were everywhere.
Congress took note of the declining habitat conditions and, in 1986, added two
habitat provisions to the Act that required NEPA-like review. First, they required
assessments of habitats to be included in fishery management plans. Specifically,
FMPs must include “readily available information regarding the significance of
habitat to the fishery and assessment as to the effects which changes to that habitat
may have upon the fishery.” Fishery Management Councils were to use this
information to comment on proposed federal activities that may affect the habitat.
Second, the amendments mandated a new federal responsiveness to Fishery
Management Council recommendations. When the Council believed an activity or
proposed activity might affect the habitat of a fishery within its jurisdiction, the
amendments gave the Council the right to comment. The federal action agency was
required to respond to these comments in writing within 45 days explaining its
position: if it agreed or disagreed as to the habitat effects, its intent to conform the
activity to the recommendations, and, if not, why.
Habitat concerns also arose in the 1990 Magnuson Amendments. The 1990
amendments provided that a Council “shall comment on and make recommendations
concerning” any state or federal action that “is likely to substantially affect the
habitat of an anadromous fishery resource under its jurisdiction.” The 1990
amendment was in response to concerns of California salmon fishers and was
“intended to increase the Council’s participation and influence in decisions
affecting habitat critical to the survival of anadromous species.”
In 1996, Congress made another attempt to address habitat with the SFA which
mandated increased attention to fisheries habitat under a new name: Essential Fish
Habitat. EFH quickly became a top priority for Councils which were given the tasks
of identifying the habitat that is “essential” for managed fish stocks and
encouraging the conservation and enhancement of the habitat. Once EFH is
identified, Councils must then comment on Federal activities that may adversely
affect this habitat and Federal agencies must respond.
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Unlike its 1986 predecessor, the SFA mandated increased attention to habitat
through amendments to Fishery Management Plans (FMPs) to: (1) describe and
identify essential fish habitat; (2) minimize, where practicable, adverse effects on
essential fish habitat caused by fishing; and (3) identify other actions that should
be considered to encourage the conservation and enhancement of essential fish
habitat. In addition, Congress intended to “promote the protection of essential fish
habitat in the review of projects conducted under Federal permits, licenses, or other
authorities that affect or have the potential to affect such habitat. To carry out this
policy, Congress directed the Secretary of Commerce and ultimately, the NMFS, to
assist in the identification, conservation, and enhancement of essential fish habitat
through consultation with Councils and Federal agencies. Congress called for
compliance within two years of the enactment of the SFA.
After the SFA was passed, identification of EFH was the first hurdle for NMFS and
the Councils. The Councils took on the challenge of reviewing scientific information
and data and establishing just which habitat in each region was “essential” to
managed fish stocks. To help in this process, the Secretary was to assist the
Councils in the "description and identification of essential fish habitat in fishery
management plans (including adverse impacts on such habitat) and in the
consideration of actions to ensure the conservation and enhancement of such
habitat." In addition, “EFH that is judged to be particularly important to the longterm productivity of populations of one or more managed species, or to be
particularly vulnerable to degradation, should be identified as ‘habitat areas of
particular concern’ (HAPC) to help provide additional focus for conservation
efforts.” This responsibility included providing recommendations and information
regarding each fishery to the Councils through scientific studies and consultation
with participants of the fisheries. In addition, the NMFS composed a Guidance
Document to synthesize information and answer frequently asked questions.
EFH is defined as those "waters and substrate necessary to fish for spawning,
breeding, feeding, or growth to maturity” which is interpreted broadly. These waters
include both federal and state waters. State waters are generally, three miles from
the coastline and represent an interesting dichotomy of EFH because while EFH is
identified in state waters, the Councils and the NMFS have limited jurisdiction in
state waters.
In addition to designating EFH, the FMP must include potential adverse effects to
EFH, from both fishing and non-fishing related activities. These are mapped in order
to establish a visual depiction of potentially cumulative impacts these activities may
have. The regulations broadly identify non-fishing related activities to include
dredging, fill, excavation, mining, impoundment, discharge, runoff, the introduction
of exotic species, and the conversion of aquatic habitat that may eliminate, diminish,
or disrupt the functions of EFH. In addition, Councils should indicate the EFH most
likely to be affected by these activities and explain the expected deleterious effects.
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Finally, the FMPs "should provide a scientific basis for concluding that the
potential or known adverse effects are a result of the identified activities." The
guidance document illustrates the range of potential adverse effects including
carcinogenic effects, bioaccumulation of toxic materials, clogged gills, reduced
visibility or cover from predators.
Once threats are identified, Councils recommends actions to counter these threats
as well as actions to conserve, restore, and enhance EFH. Actions may consist of
measures that minimize adverse effects from fishing activities, such as fishing gear
restrictions, time and area closures, and harvest limits. Loss of prey species is
included as an adverse effect and, therefore, requires identification of major prey
species in the FMPs to describe the location of prey species’ habitat and the threats
to the habitat from both fishing and non-fishing activities. Finally, Councils must
identify vulnerable EFH considering: 1) the habitat’s sensitivity to the humaninduced environmental degradation; 2) the habitat’s susceptibility to development
and induced stress; and 3) the habitat’s rarity.
Identification was only the first hurdle. The consultation process for state agency
activities poses some potential problems. While the Magnuson Act calls for
Councils to consult and comment on State activities that may adversely impact EFH,
it does not require State agencies to afford the Councils or NMFS notice of such
activities. Interestingly, the statute makes it a mandatory duty for Councils to
comment on State activities that are likely to substantially affect the habitat,
including EFH, of an anadromous fishery resource under its authority. But, without
a notice requirement for State agencies, regional councils must rely upon State
agencies to voluntarily offer notice of the activities or collect this information via the
EFH grapevine. Councils will be hard-pressed to carry out this mandatory duty
without being afforded sufficient notice.
Moreover, many of the identified threats fall outside of the Council’s jurisdiction.
The Councils have the authority to regulate and limit fishing activities including
gear usage, fishing effort and catch limits but not including other activities that may
adversely impact habitat such as oil and gas development or dredging.
Effectiveness of the voluntary provisions depends not only on the efforts of the
Councils but also on the ultimate goals of the EFH provisions. Congress intended
the EFH provisions to "promote the protection of fish habitat in the review of
projects conducted under Federal permits, licenses, or other authorities that affect
or have the potential to affect such habitat." Thus, the amendments to the FMPs
require identification of EFH, minimization of adverse effects on such habitat caused
by fishing, and identification of other actions to encourage the conservation and
enhancement of such habitat. The amendments did not undertake to create a
tangible benefit to EFH or the fisheries dependent upon the EFH. Rather, the NMFS
rule advances these ideals by recognizing that "management of fishing practices
and habitat protection are both necessary to ensure long-term productivity of our
Nation’s fisheries."
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EFH & Other Statutory Provisions
The EFH provisions are most often compared to those of the ESA. The conservation
goal of the ESA is loftier than that of the Magnuson Act’s EFH provisions. The
ESA strives to conserve and recover endangered and threatened species, in part by
limiting land use activities that would harm the species, while the Magnuson Act
merely hopes to increase consultation and awareness through the EFH provisions.
The ESA supplies procedures for listing of species and subsequent designation of
critical habitat. Critical habitat is the geographical area containing physical or
biological features essential to the conservation of a listed species, essentially, the
area necessary to prevent extinction. The Secretary may determine that areas
outside those occupied by the species may be essential to the conservation of the
species and may determine that critical habitat includes areas which the species
could potentially occupy. Finally, after designation as an endangered species or
after designation of critical habitat, any person may petition the Secretary to revise
a critical habitat petition.
Although designation of both EFH and critical habitat are forms of zoning mother
nature, the structure of EFH differs significantly from critical habitat. First, the
definition of EFH is strikingly broader in its language and application. As discussed
above, EFH is defined as waters and substrate necessary to fish for spawning,
breeding, feeding, or growth to maturity. This definition covers all periods of a
fish’s life, including those areas that a fish may occupy at only one life stage. In
contrast, critical habitat “shall not include the entire geographical area which can be
occupied by the threatened or endangered species.” In addition, EFH may include
artificial structures not naturally found in the waters but critical habitat includes the
geographical area on which are found “physical or biological features” essential to
the species’ conservation, excluding artificial features. Moreover, the Magnuson
Act gives no discretion to name some areas EFH but to exclude others. If a
managed species relies upon an area during its life cycle, it is essential and must be
identified as such. This contrasts with the built-in discretion under the ESA in
which economic impacts, among others, may be considered when determining what
habitat is critical.
Finally, the ESA allows parties to request that critical habitat be revised. The SFA
authorizes and actually requires certain revisions of EFH as better scientific
information becomes available. However, the beleaguered Councils possess the
discretion to determine if and when better scientific information is available and to
thereafter undertake the task of revising EFH. Vagueness and immensity may also
plague the EFH provisions. Councils can write EFH amendments to be as expansive
as the EFH regulations allow. For instance, the Gulf of Mexico Fishery Management
Council has seven fishery management plans that cover between 350 and 400
species of marine life, including coral. None of these species individually uses the
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entire Gulf of Mexico. Taken as a group, however, the essential habitats for each
species, each life stage, and each FMP, encompass the entire Gulf, at least to the
200-mile limit of the Exclusive Economic Zone, implicating myriad activities and
potential sources of impacts. The ESA has been plagued by scientific uncertainty,
problems in implementation, agency flexibility, budgetary concerns, and
“exceptions.” These problems can provide valuable lessons for the implementation
of the EFH provisions.
The National Environmental Policy Act, NEPA, was enacted in 1969 with the
inspiring goal to “create and maintain conditions under which man and nature can
exist in productive harmony, and fulfill the social, economic, and other requirements
of present and future generations of Americans and grew into a powerful tool for
environmentalists seeking to judicially challenge Federal actions that ignored
potential environmental impacts. Aside from its statements of policy objectives,
NEPA’s “action-forcing” mechanism is in section 102 which requires all Federal
agencies to include a detailed statement of the environmental impact of a major
Federal action significantly affecting the human environment. A “major” Federal
action is one which requires substantial planning, time, resources, or expenditure
that the Federal agency proposes or permits. Through the Environmental
Assessment (EA) and Environmental Impact Statement (EIS) reviews, agencies are
forced to consider environmental impacts before action is taken. In addition, NEPA
mandates coordination and collaboration between Federal agencies. Specifically,
“[p]rior to making any detailed statement, the responsible Federal official shall
consult with and obtain the comments of any Federal agency which has jurisdiction
by law or special expertise with respect to any environmental impact involved.”
This includes the Fish and Wildlife Service for freshwater and anadromous species
and the NMFS for marine and anadromous species.
For practical purposes, this is where NEPA’s mandates end. The Supreme Court has
declared that NEPA’s reach is procedural rather than substantive: NEPA cannot
“mandate particular results but only prescribe the necessary process.” Once a
Federal agency has completed the “detailed statement” that NEPA requires, it may
continue its proposed activity, offering a procedural challenge that prohibits
uninformed - rather than unwise - agency actions.
NEPA’s consultation provisions and strictly procedural reach parallels the EFH
provisions. But, the Magnuson Act takes consultation one step further by requiring
a written response from Federal agencies to NMFS or Council recommendations and
comments within 30 days of their receipt. Even with the 1986 habitat amendments,
Council comments had the potential to impact both the EA and EIS process by
providing evidence that a proposed activity may adversely affect fish habitat. In
requiring more detailed responses to comments, the EFH provisions may improve
decision-making simply by forcing Federal agencies to explain the rationale for
continuing a project in the face of damage to EFH. It also gives Councils the
commenting authority typically reserved for Federal agencies.
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The EFH provisions also surpass NEPA’s reach because they apply to ongoing
Federal activities. NEPA only requires an EA or EIS for new or changing projects.
Thus, Federal projects are not “grandfathered” under EFH and Federal agencies
must respond to comments on both proposed and ongoing activities. The result is
that even ongoing offshore oil and gas exploration, for instance, will now have an
additional requirement of responding to habitat destruction concerns. Additionally,
EFH provisions do not distinguish between “major” and “minor” impacts,
technically requiring consultation on any project that may impact EFH. However,
implementation of EFH may make the magnitude of the project irrelevant. Regulators
explain that the EFH effort is to focus energies on “those actions that deserve
attention” which may only apply to “major” Federal actions like its NEPA
counterpart.
Because of the similarity between requirements and goals, the EFH provisions are
in danger of being swallowed by NEPA procedures. In fact, regulators assure that
the consultation called for in the SFA is not new. These analyses and consultations
have been occurring under the guise of NEPA reviews for over twenty years. Only
the requirement for Federal agencies to respond to comments is new. All other
consultation is already being done and is only now known under a new name, EFH.
At this time, however, the NMFS does not assume that action agencies are
incorporating EFH analyses into their project reviews. In fact, if an action agency
determines that a project has “no impact” on EFH, the NMFS responds by
forwarding information about EFH, hoping that the Federal agency will come to
understand EFH as a resource and reconsider possible impacts. If a Federal agency
“feels” that it will have an impact on the resource, it conducts an “abbreviated EFH
assessment.”
In addition, like NEPA, the EFH provisions are merely procedural. The purpose of
EFH is to “increase attention to habitat” but, like NEPA, EFH is not meant to force
particular actions. The NMFS claims that EFH was “not meant to act as a land use
statute” or restrict state or Federal projects. Procedurally, however, a “higher
review” exists: the NMFS not only can recommend conservation measures to an
action agency, but also can forward concerns to NMFS headquarters and the action
agency headquarters to attempt a compromise at this higher level. If challenged,
courts will likely find EFH procedural only, without real duty to mitigate impacts on
EFH.
Finally, in contrast to laws like the ESA or NEPA, the Fish and Wildlife Coordination
Act (FWCA) has little application to most of the actions undertaken by the Federal
government. The FWCA “provide[s] that wildlife conservation shall receive equal
consideration and be coordinated with other features of water-resource
development programs . . . .” Like the NEPA and EFH provisions, the FWCA
requires consultation with state and Federal wildlife managers when a Federal
agency acts or permits a project to impound, divert, deepen or otherwise control or
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modify a waterbody. It does have a tremendous application for activities that may
impact fisheries, however, and applies regardless of whether the water-resource
activity is “major.” Thus, the FWCA applies to a segment of smaller Federal
projects that may otherwise go unexamined under NEPA but may negatively affect
fish.
The consultation requires the Secretary of the Interior and state wildlife agencies to
provide specific recommendations for conserving or developing wildlife resources
or mitigating damage to wildlife attributable to the project. These may include 1)
varying the project to decrease the adverse effects on fish and wildlife, 2) mitigation
measures that compensate for unavoidable adverse impacts, or 3) studies to
ascertain the extent of adverse impacts and the best means to compensate for them.
Of these recommendations, the project plan shall include those “justifiable means
and measures” that still allow “maximum project benefits.” Lands may also be
acquired in order to protect habitat or provide for habitat mitigation. The cost of
planning and implementing the recommended conservation measures “constitutes
an integral part of the cost” of the project.
The FWCA has its limitations as well. The Act is jurisdictionally limited and
addresses only those fisheries managed by the Department of Interior. Thus
fisheries under the jurisdiction of the NMFS, located in the Commerce Department,
are not required to be considered under the FWCA. By including a FWCA-like
consultation in the EFH provisions, the SFA addresses marine species and makes
progress towards closing this gap in fisheries protection. Then, with the enactment
of NEPA, courts came to view the FWCA and NEPA as indistinct procedural
requirements. Compliance with the FWCA was virtually automatic if an agency
complied with NEPA in the opinion of several courts. One commentator suggests
the failure to distinguish between the two statutes may have eroded the FWCA as
an “effective tool for judicial review of agency decisions.” In reality, the NEPA
review should address not only NEPA concerns but also concerns expressed in the
FWCA and the EFH provisions.
A unified perspective potentially ignores unique, substantive features of the FWCA
and EFH provisions. For example, under the FWCA, the FWS must respond to
questions posed by the action agency; action agencies are explicitly required to
prepare and implement mitigation plans with a specific class of resources as the
objective; and projects may not proceed at the cost of wildlife resources. Thus, the
FWCA contains a greater outcome focus than the purely procedural NEPA. In
addition, the EFH provisions call for the Secretary to provide comments on how the
action agency may conserve EFH and direct action agencies to respond to such
comments.
EFH is both a policy objective and a physical presence. It has already increased
attention to habitat and will continue to do so through the assessment and
consultation processes. Thus, the provision does meet one of the statutory goals
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set by Congress. In the physical sense, it represents the waters, substrate, time
periods and localities that fish call home. The act of identifying these physical areas
and needs, while extremely challenging, also serves to increase awareness of the
magnitude of habitat issues facing our nation’s declining fisheries. However, the
lack of legal consequence associated with fishery habitat destruction is clear. The
Congressional ideal of increasing attention to, not protection of, EFH means that
EFH is less harmful to industry than rhetoric indicates. Additionally, EFH may be
a less effective mechanism for positive change in fisheries management than many
might hope.
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EFH: A NEW PIECE TO THE HABITAT CONSERVATION
STRATEGY?
Sharonne O'Shea, WA Attorney General's Office
Even though the EFH provisions are a relatively new tool to fisheries
management, statutes have supported the concept of protecting habitat for many
years. Several statutes exist that require a similar review and consultation,
namely the Endangered Species Act, National Environmental Policy Act and
Fish and Wildlife Coordination Act. The comparison of the EFH provisions to
the Endangered Species Act, with its generally strict requirements for protecting
an endangered species’ critical habitat, raises fears in many that EFH will halt
coastal development and harm fishing communities. However, the EFH
provisions more closely resemble the National Environmental Policy Act and
Fish and Wildlife Coordination Act. These two statutes require review and
consultation before taking an action that may impact the environment, similar to
the EFH provisions.
This presentation will show the similarities and differences between the EFH
provisions and other wildlife and conservation statutes such as the Endangered
Species Act, National Environmental Policy Act and Fish and Wildlife
Coordination Act. In doing so, it will also point out the problems associated with
implementing these statutes and lessons that have been learned, along with
suggesting ways for EFH to be successfully implemented.
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ESSENTIAL FISH HABITAT - A PERSPECTIVE OF THE FISHING
COMMUNITY
Paul Heikkila, Oregon State University Extension Service

Nation-wide, fishing communities are waiting the full impact of the EFH
provisions added to the Magnuson Act in 1996 which took effect in most areas
in 1999. Beyond the dictates of the regulatory and statutory language, the EFH
provisions exist in order to effectively shift attention from fish harvests to the
necessary habitat components of fisheries management. However, this shift may
be difficult to accomplish as the only control the regional fishery management
councils have is to regulate fishing gear and fishing effort. Whether this shift of
attention will make a difference depends as much upon the will of federal
agencies authorizing particular projects that impact EFH as upon the role the
Councils assume. Fishing communities are particularly cognizant of the
Council's limited authority and some fear this may manifest itself in significant
restrictions on the use of some fishing gear, including trawls. In the Northwest,
as EFH stretches into major rivers that serve as spawning and nursing grounds
for anadromous fish there is fear and hope. Fear by major segments of the land
owning community that EFH will further restrict their activities and hope by the
salmon fishing community that EFH might be another tool to help restore
depressed salmon runs. This presentation will discuss EFH in the context of the
fishing community, focusing on the special problems of the Northwest and
implementation of the EFH provisions.
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A PRIMER ON THE ESSENTIAL FISH HABITAT (EFH)
CONSULTATION PROCESS
Kim Diana Connolly, University of South Carolina Law School

Each Federal agency shall consult with the Secretary with respect to any
action authorized, funded, or undertaken, or proposed to be authorized,
funded, or undertaken, by such agency that may adversely affect any
essential fish habitat identified under this chapter.
Magnuson-Stevens Act, Section 305. 1
The Sustainable Fisheries Act of 1996 (SFA), identifying the contribution of
habitat loss and degradation on fishery declines, created a new program to
protect “essential fish habitat” (EFH). 2 The law defines EFH as “those waters
and substrates necessary to fish for spawning, breeding, feeding, or growth to
maturity.”3 The legislation authorizes a regulatory program to provide detailed
identification of such habitat, and obligatory consultation regarding all fishery
activities and non-fishery activities that receive federal funding, permitting, or
authorization, and that could impact EFH. 4 In December 1997, the National
Marine Fisheries Service (NMFS) promulgated an interim final rule to
implement the EFH provisions.5 This interim final rule adds two new subparts
to the Code of Federal Regulations governing fishery activities.6
The eight Regional Fishery Management Councils were charged with the task of
describing and identifying EFH for any fishery that is managed under the
Magnuson-Stevens Act7 based on guidelines established by NMFS. 8 The two
primary guidelines issued by NMFS were the interim final rule, 9 as well as a
1

16 U.S.C.§ 1855(b)(2) (Supp. 1997).

2

16 U.S.C. §§ 1801-1883. The Magnuson-Stevens Fishery Conservation and
Management Act (Magnuson-Stevens Act or the Act) as amended by the Sustainable
Fisheries Act (SFA) of 1996, Pub. L. No. 104-267, Title I, § 101, 110 Stat. 3560 (1996).
For general information about EFH, see the NMFS Office of Habitat Protection web site
at <http://www.nmfs.gov/habitat/>.
3

Id. § 1802(10).

4

Id. § 1855.

5

62 Fed. Reg. 66,531 (1997), codified in 50 C.F.R. Part 600.

6

50 C.F.R. Part 600.

7

16 U.S.C. § 1853(a)(7). Note that habitat considerations were incorporated into most
Fishery Management Plans prior to the EFH provisions being adopted.
8

16 U.S.C. § 1855(b)(1)(A).

9

Magnuson-Stevens Act Provisions; Essential Fish Habitat, 62 Fed. Reg. 66,531 et. seq.
(1997).
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Technical Assistance Manual.10 The statute required the Councils to submit
Fishery Management Plan amendments to NMFS implementing EFH
requirements within two years of SFA passage,11 or by October 11, 1998. Most
of the Councils’ proposed amendments had been approved by March 2000. 12
The EFH provisions require “consultation” when an activity may “adversely
affect” identified EFH. Adversely affect means any impact that reduces the
quality and/or quantity of EFH. 13 Adverse affects may include direct (e.g.,
contamination; physical disruption), indirect (e.g., loss of prey), site-specific or
habitat-wide impacts, including individual, cumulative or synergistic
consequences of actions.14 NMFS and the action agency must use the best
available scientific information to assess the effects of the proposed action on
EFH, although other appropriate sources of information can also be
considered.15
Consultation must be performed by federal agencies not only for actions
undertaken by that agency, but also for actions authorized or funded by the
agency, when such actions may adversely affect EFH.16 An agency also must
consult on renewals, reviews or substantial revisions to actions that may
adversely affect EFH.17 Accordingly, this requirement can have a considerable
impact on the actions of private parties.
There are five types of consultation for agency actions.18 The first is existing
procedure:
to the extent that NMFS believes other consultation or
10

NMFS, Technical Guidance to Implement the Essential Fish Habitat Requirements for
the Magnuson-Stevens Act,
<http://www.nmfs.gov/habitat/efh/TechnicalGuidancetoImplement
theEFHRequirementsfortheMagnuson-StevensAct.htm>.
11

Title I, § 108(b).

12

A summary of submission and public comment period dates can by found on NMFS’
Office of Habitat Protection Essential Fish Habitat web site at
<http://www.nmfs.gov/habitat/efh/schedules.htm>.
13

50 C.F.R. § 600.810.

14

Id.

15

Id. § 600.920(d).

16

Id. § 600.920(a).

17

Id. § 600.810.

18

Agencies subject to EFH requirements do not include state agencies, although when a
state and federal agency both are involved in authorizing or funding a project that could
adversely affect EFH, the regulations provide that “NMFS will provide the appropriate
state agencies with copies of EFH conservation recommendations developed as part of
the Federal consultation procedures in § 600.920. NMFS will also seek agreements on
sharing information and copies of recommendations with Federal or state agencies
conducting similar consultation and recommendation processes to ensure coordination of
such efforts.” 50 C.F.R. § 600.925 (c ) (2).
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environmental review procedures satisfy EFH requirements, the reviews can be
consolidated and the other procedure used to determine potential impacts to
EFH.19 Consolidation is appropriate when: (1) the other process provides
NMFS with timely notification of actions that may adversely affect EFH
(typically 60 days, unless substantial adverse impacts are anticipated, in which
case it is 90 days); 20 (2) an assessment (meeting the requirements for EFH
Assessments) has been made of the impacts of the proposed action on EFH; 21
and (3) a NMFS finding has been issued that the existing consultation or
environmental review process meets the EFH requirements.22
NMFS’
regulations identify some federal laws with existing consultation, coordination
or review provisions that potentially could be consolidated with an EFH
consultation, including the National Environmental Policy Act (NEPA), the Fish
and Wildlife Coordination Act, the Endangered Species Act (ESA), and the
Federal Power Act.23
The second type of consultation is programmatic consultation:
EFH
requirements can be satisfied for an entire program, but only to the extent that
“all concerns about adverse effects on EFH can be addressed at a programmatic
level.” 24
The third type of consultation that can satisfy EFH requirements is a streamlined
“General Concurrence,” requiring proof that specific types of agency actions
will only have minimal adverse effects.25 A General Concurrence may be
national or regional in scope.26 The criteria for development of a General
Concurrence are very similar to the criteria for nationwide permits under the
Clean Water Act Section 404(e):27 the actions must be similar in nature and
similar in their impact on EFH; and the actions must not cause greater than
minimal adverse effects on EFH when implemented individually; and the
actions must not cause greater than minimal cumulative adverse effects on
EFH.28 Although activities that qualify for a General Concurrence do not
19

50 C.F.R. § 600.920(e).

20

Id. § 600.920(e)(1)(i).

21

Id. § 600.920(e)(1)(ii).

22

Id. § 600.920(e)(1)(iii). The burden for initiating contact to determine whether an
existing process meets the requirements for consultation on EFH is put on the federal
agency with the existing process. Id. at § 600.920(e)(3).
23

Id. § 600.920(e)(1)(i).

24

Id. § 600.920(a)(2)(ii).

25

Id. § 600.920(f).

26

Id. § 600.920(f)(1).

27

33 U.S.C. § 1344(e).

28

50 C.F.R. § 600.920(f)(2). Categories of Federal actions can qualify through
appropriate conditions (e.g., project size limitations, seasonal restrictions, etc.) to meet
these criteria. Id. § 600.920(f)(2)(iii).
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require EFH Assessments,29 if a General Concurrence is issued, qualifying
activities must be tracked to ensure that impacts are no more than minimal. 30
The fourth and fifth types of consultation are an abbreviated consultation,
required for a proposed action that may adversely affect EFH, 31 and an expanded
consultation, required for a proposed action that may result in substantial
adverse effects to EFH. 32 Both of these consultation procedures begin with an
EFH Assessment submission to NMFS by a federal agency,33 with the following
mandatory contents: (i) a description of the proposed action; (ii) an analysis of
the effects, including cumulative effects, of the proposed action on EFH, the
managed species, and associated species, such as major prey species, including
affected life history stages; (iii) the federal agency’s views regarding the effects
of the action on EFH; and (iv) proposed mitigation, if applicable. 34 If
appropriate, the assessment should also include: (i) the results of an on-site
inspection to evaluate the habitat and the site-specific effects of the project; (ii)
the views of recognized experts on the habitat or species that may be affected;
(iii) a review of pertinent literature and related information and (iv) an analysis
of alternatives to the proposed action (such analysis should include alternatives
that could avoid or minimize adverse effects on EFH, particularly when an
action is non-water dependent).35
The abbreviated procedures are for projects that don’t quite meet the criteria for
a General Concurrence, and but do not have the potential to cause substantial
adverse effects on EFH. 36 EFH Assessments under the abbreviated procedures
must be submitted at least 60 days prior to a final decision on the action, and
NMFS has 30 days to respond in writing.37
The expanded procedures are for projects that may result in substantial adverse
effects.38 Designed to allow the “maximum opportunity for NMFS and the
Federal agency to work together in the review” of potential effects on EFH, 39 the
29

Id. § 600.920(f)(3).

30

Id. § 600.920(f)(2)(ii).

31

Id. § 600.920(h).

32

Id. § 600.920(i).

33

Id. § 600.920(g)(1).

34

Id. § 600.920(g)(2).

35

Id. § 600.920(g)(3).

36

Id. § 600.920(h). For example, the abbreviated consultation procedures are appropriate
when the adverse effect(s) of an action or proposed action could be alleviated through
minor modifications.
37

Id. § 600.920(h)(5).

38

Id § 600.920(i).

39

Id.
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I.

What Level of Consultation is Required When an
Agency Action May Affect Essential Fish Habitat (EFH)?

II.

50 C.F.R. § 600.920

Existing Procedures:
are there other
procedures into which
the consultation can be
folded (e.g. NEPA,
ESA)?

Is the action
non-projectspecific?

Programmatic
Consultation: In the
case of an entire program,
is sufficient information
available to develop EFH
conservation recommendations and address all
reasonably foreseeable
adverse effects to EFH?

Test: can existing
consultation/coordination/
environmental review
procedures meet (or be
modified to meet)
requirements regarding EFH
consultations?

General
Concurrence:
in the case of
specific types of
federal actions,
1) Are the actions
similar in
nature and
impact on
EFH?
2) Will the actions
cause greater
than minimal
adverse effects
on EFH when
implemented
individually?
3) Will the actions cause
greater than
minimal
cumulative
adverse effects
on EFH?

Is the action
projectspecific?

Abbreviated
Consultation: could a
proposed action
adversely affect EFH?
If yes, action agency
must:
• Notify NMFS.
• Submit an EFH
Assessment
(description of
proposed action,
analysis of likely
effects on EFH,
agency views,
mitigation proposal)
60 days prior to final
decision on action.
NMFS must respond
within 30 days.
• If agency does not
follow NMFS’ recommendation, must
pro-vide reasons,
including scientific
justifications.
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Expanded Consultation:
could a proposed action
substantially adversely affect
EFH? If yes, action agency
must:
•
Notify NMFS.
•
Submit an EFH Assessment
(description of proposed
action, analysis of likely
effects on EFH, agency
views, mitigation proposal)
90 days prior to final
decision. Site visit and
Council involvement
possible. NMFS must
respond within 60 days,
unless request more time
(action agency has option
not to agree).
•
If agency does not follow
NMFS’ recommendation,
must provide reasons,
including scientific
justifications.

expanded procedure allows for site visits and coordination with the appropriate
Regional Fishery Management Council. 40 Assessments under the expanded
procedures must be submitted at least 90 days prior to a final decision on the
action, and NMFS has 60 days to respond in writing, unless an extension is
agreed to by the action agency.41
Once NMFS has submitted an EFH conservation recommendation to the federal
action agency, that agency must provide a written response at least 10 days prior
to final approval of the action, if a decision by the Federal agency is required in
fewer than 30 days.42 The federal action agency’s response must include a
description of measures proposed by the agency for avoiding, mitigating, or
offsetting the impact of the activity on EFH, and in the case of a response that is
inconsistent with NMFS conservation recommendations, must explain the
agency’s reasons for not following the recommendations.43
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Id. § 600.920(i)(3).

41

Id. § 600.920(i)(4).
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Id. § 600.920(j).
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Id. This response must include the scientific justification for any disagreements with
NMFS over the anticipated effects of the proposed action and the measures needed to
avoid, minimize, mitigate, or offset such effects.
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Introduction
A way of life which has existed for at least 200 years is becoming extinct in the
southernmost (lower) Florida Keys. In recent years, commercial fishing has
disappeared from the island of Key West, Florida. This case study explores
conflicts between tourism and fishing, along with other factors playing a role in
the demise of commercial fishing on the Key, such as the logistics of the fishing
industry. A brief description of the history and current status of both the fishing
and tourism sectors is presented. We will then critically examine the results of
Key West's decision to place almost total reliance on tourism as the principal
revenue generator for the area. Finally, the case study briefly mentions other
geographic areas where similar tensions between the two industries exist.
The problems of the commercial fishing industry in Key West which this paper
analyzes involve a conflict between coastal user groups. Commercial fishermen
are one such group, with shoreline development interests being the other. The
particular conflict involved is a spatial one, with both user groups competing for
space at one of the lower Keys’ most limited resources, i.e., deep-water harbors.
The story the case study relates fits neatly into a categorization scheme
postulated for conflicts among coastal users in that it is one which involves,
"...competition among users for similar onshore space or facilities in ports and
harbors..." (Cicin-Sain and Knecht 1998).
Geographical Background of Key West, Stock Island and Monroe County
The Florida Keys are comprised of a chain of small islands (keys) which extend
from the southeastern edge of the Florida mainland, stretching away in a
southwesterly direction. The terminus of the chain is the small (approximately
10 square mile) island of Key West. Immediately adjacent to Key West, and
separated from it only by a narrow channel, is the key known as Stock Island.
Both islands are in Monroe County, the Florida County which is composed of
the Keys and a small portion of the mainland.
An Overview of the History of Fishing in Key West
Even before the time of the United States’ acquisition of Florida in 1819, and
almost until the present, Key West has been an important fishery port. In fact, by
the late 18th Century, there was already a well–established fishery trade route
between Key West and Havana, Cuba, with the Key supplying a great amount
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(in terms of number of species and in terms of tonnage) to Havana (Nichols
1989).
Around 1850 commercial sponging began in Key West. The island retained a
US monopoly in the trade until approximately the turn of the century. The
industry was, however, poised for a precipitous decline. In the mid 1890s, Greek
sponge divers began moving into Tarpon Springs, on the west coast of Florida.
The shallow sponge beds near Key West could no longer compete with the more
abundant Gulf sponging areas. By the early 1920s, the sponge industry at Key
West diminished to such a level that it has been described as "gone" (Garnett
1953).
During the 19th Century and for much of the 20th Century, "turtling" was an
important revenue source, as well as an important local food source. Many
animals were brought in to Key West alive, for local consumption and for
commercial export. Fishers kept the turtles alive and fed them in turtle "crawls",
or pens open to the sea, and slaughtered the animals as required. A turtle
cannery operated in Key West from 1895, and remained in business until the
trade in turtle products came to an end in 1971. That was when Florida state law
set a minimum size limit. By that time none of the animals brought into Key
West met the new size requirement, and the turtle industry ceased to exist (Lott,
Dye and Sullivan 1996; Borel 1991; McElroy 1949).
In 1949 fishermen made the famous "Shrimp Strike" in the waters off the Dry
Tortugas (islands 100 kilometers to the west of Key West) where a vast
population of Pink Shrimp existed. The extent of this previously unknown
population was extremely large, and for years shrimping proved to be the most
valuable fishery in the Keys (Nichols 1989; Artman 1969). Shrimping is still an
important fishery to the region, although it represented just 14% by value of
total landings in the Keys in 1994. In that year, stone crab landings made up
13% of landed value. Lobster is now the most important fishery to the Keys. It
contributed nearly 50% of value of all landings in Monroe County in 1994
(CEMR 1995). Grouper, snapper, mackerel and mullet and other such "finfish"
accounted for over 35% of total Monroe County landings by weight in 1994, yet
because of their lower value to weight ratio as compared to shrimp, lobster and
stone crab, they contributed only half that percentage by value (CEMR 1995).
The majority of Monroe County's fisheries catch (all types) is landed at Stock
Island (Phillips and Larson 1990).
In 1990 there were 3,550 commercial vessels, 3,294 saltwater products licenses,
and 83 wholesale seafood dealers registered in the county. The total wholesale
value of the various products landed in Monroe County totaled $64 million.
Assuming 85 percent of these products leave the county via wholesale markets,
the economic impact generated included: economic activity ($90.4 million),
earnings ($32.2 million), and employment (2,230 full-time employees) (Adams
1992). By 1995, the number of saltwater products licenses had dropped
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approximately 25% to 2,430. Perhaps even more ominously, the number of full–
time fishers employed in commercial fishing dropped almost 36% to 1,438
(Adams 1992; Milon et al. 1997).
History of Tourism and Development in Key West
In the early part of this century the economic situation took an ominous turn for
Key West. One writer described this economic downturn in these words:
“By the early twenties, Key West had started on what might have its final
decline. The sponge-fishing industry was gone; the cigar industry had been
transplanted to other cities, and ... a high tariff brought ruin to the pineapple
canning business here. The shipping business had dwindled.” (DeWitt 1935).
With all of these factors contributing to the collapse of the Key's economic base,
by 1930, the population had fallen to 12,831, nearly half its 1913 level (Garnett
1953; McElroy 1949; DeWitt 1935). During the early 1930s, Key West was one
of the poorest cities in the United States. By 1934 the city was in a desperate
condition with its principal industries dead. It was unable to pay the salaries of
its officers and employees. Garbage mounted in the streets and created the
danger of an epidemic. Anemia caused by malnutrition spread among the
populace. In that year, 80% of its residents were on relief, and there was talk in
Washington of abandoning the island altogether, and resettling its then
population of 11,600 people elsewhere (Borel 1991; Langley and Langley 1982;
Gilford 1934).
The economic plight of Key West in 1934 was so bleak that the City embarked
on a desperate course indeed. In July 1934, city, county and state officials placed
the City's administration in the hands of the Works Progress Administration
(WPA) of the federal government. This "surrender of Key West" made headlines
all over the country (DeWitt 1935).The federal administrator realized that
revitalization of the Key's traditional industries would require nothing short of a
miracle. He soon hit upon what he believed to be the answer to the City's
problems —tourism. Thus, he conceived a great "experiment", namely,
exploring whether large numbers of tourists could be attracted during the winter
of 1934-35. Fortunately the gamble proved to be an unqualified success. The
experiment attracted nation-wide attention, and during the winter of 1934-35
almost 40,000 tourists visited the Key. Wholly as a result of the tourist trade, the
number of people on relief rolls dropped approximately 75% ( McElroy 1949).
As fate would have it, however, nature dealt Key West another nearly knockout
blow only a few months later. On September 2, 1935, the worst hurricane ever
to hit the area struck the Florida Keys. Although it largely bypassed Key West,
the storm proved disastrous to the middle and upper Keys. Besides killing over
500 people, the hurricane devastated the "Overseas Railroad", which had linked
the Keys with the mainland in 1912. This time there was no indecision on the
part of Key West officials about what to do. They were determined to restore
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tourism, which had been the Key's salvation only the season before, as soon as
humanly possible. Their intent was to hurry the building of the "Overseas
Highway", which had been under construction paralleling the railroad before the
hurricane. In 1938 the completed highway, with bridges spanning all over-water
crossings, finally opened. This marked the first time that Key West was easily
accessible by automotive traffic (Marzyck 1991; McElroy 1949).
It proved exceedingly difficult to duplicate the remarkable success of the winter
of the 1934 tourism season. Whether attributable to the bad publicity generated
by the hurricane, or simply lack of the kind of publicity previously engendered
by the "surrender" of the City, the opening of the highway did not result in a
horde of tourists descending upon Key West as had been anticipated. The
situation once again began to seem bleak when the cavalry (in the form of the U.
S. Military) rode in to the rescue (Lott, Dye and Sullivan 1996).
As war in Europe loomed, the Naval Air Station in Key West (which had been
shut down after WWI) reopened in late 1939. Further military expansion quickly
followed, with island population zooming to an estimated 45,000 by 1945. After
the war, the population decline was almost equally precipitous, with the 1950
figure being 26,437 individuals (Hambright 1991; Windhorn and Langley 1974).
Despite the ending of the war and the consequent scaling down of the Naval
base throughout the 1950s, Key West's economy remained centered on the
military, which continued to be the island's largest revenue generator. Tourism
ranked a distant fourth among the island's economic activities (Wells 1991).
This state of affairs reversed itself completely over the next 20 years. According
to one perspective, the turnaround can be viewed as having occurred because of
the relative decline of the military sector, which phased out and closed the Key
West Naval Station in 1974. Once again Key West experienced business failures
and high unemployment. Not surprisingly, local government and business
interests concluded, as had officials in the 1930s, that the only alternative was to
encourage and develop tourism.
Commercial Fishing versus Tourism
To understand why commercial fishermen are no longer located at Key West, it
is first necessary to understand something of the history of the waterfront of that
area. The commercial fishing industry in Key West had always been centered
around Key West Bight, a small harbor located on the northern shore of the
island adjacent to the old historic commercial and warehouse district. Located in
the area were various facilities, such as "ice houses" and "fish houses", which
fishermen rely upon to preserve and market their catch, respectively (Little pers.
comm.).
In 1981, the company that owned the entire Key West Bight waterfront leased
all its interests to the agribusiness conglomerate, ConAgra, which had decided to
try to gain a foothold in the seafood business (Little 1990). That year also
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happened to be the one in which fisheries landings in Monroe County peaked
(Phillips and Larson As landings dwindled, ConAgra lost interest in the
industry, and by the late 1980s, ceased its fishing and packing operations (Little
1997). Meanwhile, in the mid 1980s the A&B fish house, a long-time Bight
institution, went out of business. Singleton Seafood, the last packing house in
Key West, relocated to Stock Island in 1988 (Little 1988). All throughout the
period of the mid to late 1980s, fishers were abandoning the Bight and moving
to Stock Island. In essence, they were following the relocation of the necessary
infrastructure (Bacle pers. comm.).
Thus, almost all the fishermen and the enterprises necessary to sustain their
business were gone from the Key West Bight waterfront by the late 1980s. The
decision to permanently suspend operations of the last remaining ice plant in
Key West in 1991 marked the final blow to the Key West commercial fishing
industry (Little 1991; Gregory pers. comm.). Under these circumstances,
ConAgra, which had an option to renew its 10-year lease on the property,
decided it was not interested in renewing and the lease expired according to its
terms in 1991 (Little 1997). Shortly thereafter, the City of Key West purchased
the entirety of the Bight waterfront.
This recent history suggests various factors which combined to "push" the
commercial fishermen out of Key West. On a superficial level, it is relatively
easy to comprehend why the fishermen moved. When the infrastructure upon
which they depend shifted to Stock Island as related above, they had little choice
but to follow suit or to no longer remain in the fishing business, an option which
a number chose (Gladding pers. comm.). The underlying question, however, is:
“What caused the movement of commercial fisheries' related businesses away
from the Key West Bight waterfront?” Fishermen, fish house owners,
government officials, and long-time Key West residents all suggest that tourism
played an important role in this shift. Although the relationship between tourism
and commercial fishing is not initially self-evident, a little knowledge of the
logistics of the commercial fishing business helps to reveal the conflict.
Almost all of the types of fishing (with one exception) performed in Monroe
County require the use of a large traps or nets of one kind or another. For
instance, lobstering requires bulky wooden traps, as does crabbing. Florida Keys
shrimpers use otter trawls, which are large and bulky. The one exception
mentioned is hand-lining for finfish, which does not require the use of large
capture devices. However, during the late 1980s even finfishers utilized bulky
equipment such as fish traps and gill nets before state law banned them in the
early 1990’s.
The problem with the large-scale type of equipment mentioned above is that it
consumes a lot of space when not in use. One fish house owner estimated that,
for instance, a lobsterman can earn a living only by utilizing approximately
1,500 traps (Bacle pers. comm.). The area required for these traps and nets gives
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rise to the problem of how a fisherman should store the equipment when he is
not out fishing. Traditionally, he stores his traps and nets at the upland storage
space of the fish house with which he is associated (Gladding pers. comm.). The
conflict arises when this space devoted to storing fishing equipment can be put
to more productive (i.e., more profitable) use.
During the late 1970s, after the closure of the Naval Base, the Key West
business community and local officials made a concerted effort to attract tourists
and the dollars they would bring. Of course, to be successful in attracting
tourism, a vacation destination must have the necessary infrastructure and
services to accommodate visitor needs and desires such as restaurants, hotels,
bars, and souvenir shops. The stage for conflict was thus set. On the one hand,
fish house and fishery-related business owners possessed offers from
restauranteurs, shop owners and other entrepreneurs, who were willing to pay
high rents to secure a much-valued place at the waterfront. On the other hand
were fishermen who could not afford such exorbitant prices to store the
implements of their trade. This state of affairs was exacerbated by the declining
catches of the 1980s, rendering the fishermen even less able to cope with
increasing gear storage costs. Given this situation, fishing infrastructure lost out
in the competition for space. For example, where once a shrimp "heading house"
stood, there now stands an oyster raw bar (Bacle pers. comm.).
A similar story might be told regarding Key West Bight dock slips. As tourists
were attracted to Key West, an industry eager to cater to their waterborne
recreational desires sprung up. These included charter fishing fleets, scuba
diving operations, snorkeling and glass bottom boats, sailboat charters,
sightseeing vessels, and other enterprises requiring a boat in order to do
business. In addition, as the population of the area rose, and the means of the
typical newcomers increased, a greater demand was experienced for recreational
boat docking space (Lipuma and Meltzoff 1997). The outcome of this increasing
pressure for dock facilities was increasing dockage and slip fees.
To comprehend the effect this increase had on the commercial fishing industry,
one must first understand how boat captains are charged for dock space. In
essence there are two distinct methods. The first concerns what might be termed
"captive" fishermen who sell all of their catch to a particular fish house with
which they are associated and at which they dock their boats. The price paid by
the fish house and received by the fishermen is somewhat less than the going
wholesale market rate. In exchange, the fish house does not charge the boat
captain any slip fees. Another method of payment exists in the case of so-called
"independent" fishing captains. These fishermen are not obligated to sell their
fish to any one fish house, but instead sell them at whatever house is then paying
the best price. The way these fishers secure dock space is to simply pay for it at
the prevailing market rate.
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As the decade of the 1980s progressed and the number of recreational and
commercial (but non-fishing) vessels jumped dramatically, the shore-side
owners quickly came to realize that more profit could be realized from leasing
dock space to such vessels rather than to commercial fishing boats, regardless of
the method by which the commercial boat's actual or "opportunity" cost for the
space was calculated. Thus, when the demand for recreational dockage
increased, and owners realized and chose to capture the full economic potential
of such a valuable commodity, the fishermen once again lost out in the
competition for space to those with superior economic muscle.
Is a Return of Commercial Fishing to Key West Bight Possible?
The City of Key West has owned all the waterfront property at Key West Bight
for the last seven years. This section will explore whether that public ownership
has resulted in any significant differences in the character of the waterfront, and,
particularly, whether it has had any positive implications for the commercial
fishing industry. Judging from outward appearances, it seems that not much has
changed on the waterfront during the period of the City's ownership. The
southern shoreline is lined with a newly constructed pedestrian boardwalk.
Landward of it are restaurants, bars, T-shirt and souvenir shops, space for which
is leased by the City to various entrepreneurs. A major new restaurant-bar
complex has recently been completed. The facility occupies much of the Bight's
western shore.
Recreational boats, with a smattering of commercial vessels utilized by diving
operations and sightseeing and sailing charters largely occupy the Bight itself.
In short, it seems that the City no less than the prior private owners, has acted an
economically prudent and rational landowner, seeking to maximize revenues
from the leasing of the area, an objective that can best be accomplished by
catering to the tourist trade. The only activity even distantly related to
commercial fishing which remains is a wooden boatbuilder's workshop, located
on a pier extending over the Bight. However, as might be expected, the
craftsman’s work now consists principally of constructing and repairing "highend" pleasure craft. Nonetheless, these traditional skills draw the presence of
curious tourists who wander by.
This scene conjures up an image of a possible scenario with relevance to
commercial fishing. Might tourists be interested in and attracted to a real
"working waterfront"; i.e., one complete with all the sights, sounds, and smells
of commercial fishing vessels engaged in actual day-to-day activities, such as
berthing, unloading catch, and icing fish and shrimp? The city planner for the
City of Key West, Ty Symrowski, initially receptive to this idea, mentioned that
he is aware that the concept has worked well in other locales such as San
Francisco (Fisherman's Wharf), New York (Fulton Fish Market), as well as in
cities such as Baltimore and Boston. However, upon further reflection, he
concluded that the idea could no longer be viable in Key West because all the
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infrastructure necessary for fishing (ice houses, fish houses, space to store traps
and nets) had already fled the island, never to return.
Perhaps surprisingly, commercial fishermen themselves are not sure that the
working waterfront concept is a good idea. When the idea surfaced during a
discussion with a group of fishermen, about half thought the concept had some
potential, while the other half flatly rejected the idea. Those dismissing the
concept out of hand did so with comments to the effect that they would rather go
out of business than become some sort of dockside Disney World attraction for
the entertainment of tourists. They stated that they could not work well with
tourists gaping at them and the inevitable naïve questions that tourists would ask
like “What kind of fish is that?” (Gibson pers comm)
Even those fishermen at first receptive to and interested in the working
waterfront idea wonder openly how they would directly benefit. Even if the
concept were to be implemented and succeeded in attracting more visitors to the
piers along the waterfront, how would the fishermen "capture" revenue from the
increased traffic? One fisher asked, "What am I supposed to do, charge tourists
to stand there and watch me unload my boat, or try and sell souvenir T-shirts to
them?" Additionally, fishermen agreed that without dockage fee forgiveness or
at least a "break" on the fees by the City, they could not land enough fish to
cover the current going rate for such costs.
The Demise of Commercial Fishing as a Viable Industry in the Lower Keys
Given the wide range of problems detailed above, fishermen are less than
optimistic about the outlook of their means of livelihood. An abject fatalism
appears to be pervasive among those connected with the business. All persons
directly involved in the industry, from deck hands to boat captains to fish house
owners, believe that the days of commercial fishing are numbered. Indeed, the
executive director of the Monroe County Commercial Fishermen, a commercial
fishing and advocacy trade association, referred to the business as "a dying
industry" (Sanchez pers. comm.). Estimations of the lifespan for commercial
fishing in the lower Keys ran from 5-20 years.
Simply put, commercial fishermen can not compete with recreational fishermen,
charter fishermen, and other non-fishing commercial users of harbor facilities. A
basic but astute observation made by a hand line fisherman capsulizes one
unmistakable underlying economic truth. Referring to the difference between
commercial fishermen and charter or dive or sightseeing operations, he noted
that the latter "already have their money when they leave the dock" (Gladding
pers. comm.). Fishermen, on the other hand, may well have to expend similar
amounts of money for fuel, mortgage payments, maintenance, etc., but are not
assured of any return when they venture out.

81

The scenario that occurred at Key West Bight is now starting to be repeated at
Stock Island. This gives rise to the question of whether fishers have anyplace
else to go when and if they are outcompeted for space there. One possibility that
formerly existed was to berth the boats along the canals that traverse some of the
less densely populated lower keys such as Big Pine, Summerland, Boca Chica,
and Cudjoe Keys. In recent years, however, as those keys have become
populated with retirees and with professionals who are building second homes,
local zoning changes initiated by the newcomers have prohibited the storage of
traps, nets and other fishing equipment along the shores of the canals. The
presence of such eyesores and smelly gear near a new luxury home or
condominium development is hardly conducive to maintaining property values.
In short, these areas have been "gentrified" and fishermen are no longer
welcome (Lipuma and Meltzoff 1997).
Nor are fishermen well equipped to defend themselves against what they view as
usurpation by the newcomers of the canal waterfront where the fishers have
traditionally lived and stored gear and equipment, sometimes for decades. In the
lower keys, approximately 25% of the fishermen are of Cuban/Hispanic
ethnicity, and the majority of them speak no, or very limited, English. Even the
English-speaking fishers usually fare badly at public zoning hearings concerning
these issues. Because they typically come from less educated socio-economic
classes, and are intimidated by governmental process, fishermen are reluctant to
express themselves at public hearings where the newcomers are most often
represented by articulate (and expensive) lawyers conversant with zoning and
land-use issues (Lipuma and Meltzoff 1997).
It seems then that fishermen truly have nowhere else to go. Having been pushed
from Key West and now in the process of being pushed from Stock Island with
no prospects of landing elsewhere, many fishers will simply hang up their hats.
Certainly no new fishers will be attracted to the field for the reasons observed
here as well as increasingly restrictive fishing regulations, such as the limited
entry quota system. Fishermen are a notoriously recalcitrant lot. However, the
Stock Island fishers seem to have accepted the inevitable. They appear to be
correct, and are indeed a dying breed. The capitulation of Monroe County to
tourism and development interests seems to be complete. The question remains
whether this was a wise decision.
Tourism: Full Speed Ahead?
Given the vagaries of the Key West economy, it is understandable that the City
has come to rely more and more on tourism. The development of tourism has
lent a measure of stability, and in the last 20 years it has become the major
industry throughout the Keys. In fact, one recent publication by Monroe County
has even referred to tourism in the following terms: “It is now an integral
component of the local economy, and is necessary for Monroe County to remain
a viable community... It cannot be overemphasized that the tourist industry is
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now the true backbone of the economy in Monroe County... After all these
years, Monroe County has finally found her only reasonable, stable and possible
economic resource.” (Swift 1991).
Given this state of affairs it is unrealistic to contemplate that either Key West or
the County will ever again envision tourism as anything but the region's
principal income generator. Perhaps the area has come to rely too heavily on this
one industry, almost to the exclusion of all others. For example, in a recent year
(1995-96) the total economic output of Monroe County attributable to tourism
was $1.33 billion, which represented 60.53% of all economic activity in the
county. In that same year the tourism sector accounted for $506.01 million in
income within the county (45.03% of the total), and 21,848 jobs, or 46.49% of
the county’s total employment (English et al. 1996).
In the year ending May 1996, Key West was visited by 1,418,100 tourists
(Leeworthy 1996). Recently, several popular magazines have published articles
bemoaning the island's "invasion" by tourists (Rogers 1994); its destruction of
old buildings (Alhadeff 1994); and decrying its overly commercial attitude that
many visitors find disappointing (Miller 1994). In fact, a recent Newsweek
article stated that "[t]he prize for the most spoiled vacation spot in America,
though, probably goes to Key West" (Adler 1998). Also, for some years now,
Key West has been the most expensive place in Florida to live (Starvo 1983).
Thus, it seems that Monroe County's push to develop tourism may well be on
the way to falling victim to its own success.
Examples from Other Areas of Conflict Between Tourism and
Commercial Fishing
The above-related conflicts between commercial fishing and tourism are hardly
unique to the area of Key West, or for that matter to the United States. Indeed,
tensions between the two industries have prompted articles about conflicts in
locations as diverse as Bermuda (Butler et al. 1993), Belize (King 1997), and
islands off the coast in China's Liaoning Province (Anqi 1996). Butler et al.
relate a particularly striking example of the incompatibility of commercial
fishing and tourism in an area heavily reliant on the tourist industry, especially
where that industry is dependant on the health of the local reef ecosystem. Most
environmentalists, dive and snorkel operators, glass-bottom boat captains and
hotels that cater to reef tourism regard fishing for reef (as opposed to pelagic)
species as inimical to a reef's sustainability. Because these recreational interests
generally have more of an impact on the local economy than commercial fishing
and thus more political "clout", fishers are sometimes displaced by
governmental regulation, in addition to the above-described economic
considerations. The article also points out that one group that might initially be
thought of as a natural ally of fishermen, namely charter operators, often support
restrictive regulation of their fellow fishers, where the regulation based on gear
methods that do not affect charter captains.
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Even in instances where the tension between commercial fishing and tourism
does not result in more regulation, and there is no direct conflict between fishing
operators and the tourism industry (such as for waterfront space) increased
tourism can still sometimes have a deleterious effect on fishing. One way this
can occur is through increased pressure on the fishery resource itself. For
example, King (1997) notes that due to increased demand brought about by
burgeoning tourism, the size of lobsters supplied by Belizean fishermen has
dwindled in recent years, such that most are now harvested in a "prereproductive capacity" status.
Thus, in the rest of the world as in Key West, the results of the confluence of the
above described factors indicate that commercial fishing usually does not fare
well wherever that industry comes into conflict with tourism interests. This
bodes ill for the continued viability of fishing as a lifestyle in those areas of the
world where tourism is increasing, or where it might be expected to develop in
the future through private or governmental promotion.
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Abstract
Maine’s coast is rapidly being bought, developed and privatized. Are there
mechanisms we can use to protect our cultural and ecological heritage along the
coast? The Maine coast, as is the case in many other states, is rapidly changing
from marine trade-based, year-round communities to tourist-focused service
centers with heavy seasonal and depleted year-round populations. Former
marine trade businesses and longtime coastal residents are finding it increasingly
unaffordable to operate and live along the waterfront. Coastal habitats are being
lost to the cumulative impacts of coastal development. Maine now has the
opportunity to take a coastal heritage initiative and protect the linked health of
Maine’s economy, environment and quality of life. The purposes of this paper
are to: a) identify the challenges for protecting the cultural and ecological
heritage of the Maine coast; b) explore a combination of planning, financial,
educational, partnership and regulatory mechanisms to protect this heritage; and
c) suggest the applicability of the ideas presented to other states.
Introduction
Until recently, Maine has not experienced the population and market pressures
to require focused measures on protecting public waterfronts, water-dependent
uses, and coastal habitats. Maine has had, in statute, preferential regulations for
functionally water-dependent uses and protection of the ecology of the shoreland
zone (250 feet landward from the normal mean high water line) (Mandatory
Shoreland Zoning Act, 38 MRSA, S. 435-449) as well as protection for coastal
wetlands, intertidal and subtidal habitats, and sand dunes (Natural Resources
Protection Act, 38 MRSA S. 480-A to 480-Z). Through the Comprehensive
Land Use and Regulation Act, Maine municipalities have also been required to
inventory and protect their marine resource industries and marine resources.
Maine has historically observed the Public Trust Doctrine in which intertidal
areas are open to the public for individual fishing, waterfowl hunting and
navigation . It is now becoming apparent that these laws are not sufficient to
protect the cultural and ecological character of coastal Maine. The following
Working Waterfront (November, 1999) newspaper quote is an example of the
cultural change occurring throughout the Maine coast:
“Boatbuilder Ralph Stanley traveled to Washington D. C….to receive this
country’s highest honor in the folk and traditional arts from the National
Endowment for the Arts, a National Heritage Fellowship for boatbuilding. Back
home in Southwest Harbor, however, Stanley, 70 and faced with a significant
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increase in his property assessment [a doubling of his taxes], found himself in
the ironic situation of being honored...yet having to consider giving up his
waterfront boatyard and moving away from the village in which his family has
lived since the 1760s.”
The Maine coast is changing from marine trade- based, year round communities
to tourism and related service communities with seasonal residents. It is
becoming, more and more, a loose network of “summer communities” in which
old neighborhood homes sit all winter without families living in them. The jobs
once prominent in waterfront communities were more than just “jobs” for a
fisherman or wharf owner, they were “ways of life” for community members.
The Maine coast is also losing valuable coastal habitats to the cumulative
impacts of development. Certainly, it is understandable that not all elements of a
community will remain the same. Changes with the forces of population
pressure and the economy are inevitable and can be very positive if channeled
appropriately. The fundamental questions that must be addressed with the
booming economic pressures are: Should we sell the Maine coast to the highest
bidders? How can we keep Maine “Maine”? I suggest that a combination of
mechanisms in a formal coastal heritage program can protect our cultural and
ecological resources. In the next few paragraphs, I will a) identify the
challenges for protecting the cultural and ecological heritage of the Maine coast;
b) explore a combination of planning, financial, educational, partnership and
regulatory mechanisms to protect this heritage; and c) suggest the applicability
of the ideas presented to other states.
A) Challenges for Protecting the Cultural and Ecological Heritage of the
Maine Coast
To protect Maine’s cultural and ecological heritage, we need to meet the
following challenges:
Challenge #1: The desirability of Maine’s coast is elevating property values and
property tax assessments.
Challenge #2 (Related to #1): Property tax assessment methods are determining
the character of coastal communities even when comprehensive planning and
zoning efforts are made to protect it.
Challenge #3: The decline of some waterfront industries, such as groundfishing,
and the simultaneous economic boom of tourism and the sale of seasonal,
private vacation homes makes it difficult to keep working waterfronts viable.
Challenge #4: The lack of financial resources available to coastal communities
for protecting the waterfront and/or repairing deteriorating waterfront
infrastructure is a challenge for communities. Coastal towns and property
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owners are finding it easier to sell the waterfront properties to private parties
who will either raze the infrastructure or repair it for private use.
Challenge #5: It is difficult to get state of the art trained personnel to maintain
the marine trade businesses in Maine due to insufficient training institutes in
Maine and the elevating cost of living (e.g., lack of affordable housing) in
coastal communities.
Challenge #6: The lack of a unified voice along (or a state-supported program
to protect) the Maine coast for functionally water-dependent and longtime
residents inhibits efforts to protect our coastal heritage.
Challenge #7: The lack of a cumulative impacts consideration by the state when
evaluating permits in coastal areas for development dilutes Maine’s Natural
Resource Protection Act’s intent of protecting coastal habitats.
B) Mechanisms to Protect Maine’s Coastal Heritage
The following paragraphs include planning, financial, educational, partnerships,
and regulatory mechanisms to protect Maine’s coastal heritage from the
challenges listed above. Due to the length of this paper, the mechanisms
presented will not be fully evaluated. Also due to the length of the paper, only a
few mechanisms per category will be presented. Some of the mechanisms
overlap several categories. For example, some of the financial tools could also
be regulatory tools, etc. A combination of mechanisms from all the categories
formalized in a coastal heritage program is likely the best approach to protecting
Maine’s cultural and ecological resources.
Planning
Zoning/Districting: Coastal Maine towns can implement specific functionally
water-dependent use zones or Commercial Fishing/MaritimeUse Districts
through their shoreland zoning and other local ordinances. Specific types of
functionally water-dependent uses can be designated to give the community
more control of the types of development or uses permissible in the waterfront
areas.
The Maine State Planning Office and Maine Department of
Environmental Protection can help communities craft the zoning ordinances. In
concert with the specific zoning concepts the Maine State Planning Office can
assist communities with implementing Transferable Development Rights
(TDRs) or Tax Incremental Financing Programs (TIFs).
Waterfront Redevelopment Planning Programs: The Maine State Government,
through the Maine State Planning Office and/or Maine Departments of
Transportation, Environmental Protection, Conservation, and Marine Resources
can initiate waterfront redevelopment /preservation planning programs through
funding and technical assistance. The programs can start with a few pilot
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demonstration projects along the Maine coast and can focus on: 1) organizationvisioning-planning; and 2) plan implementation. The programs can be expanded
and adapted to other coastal communities.
Water-dependent Use Maps: The Maine State Planning Office has a series of
water-dependent use maps available for community reference. These maps can
be made more accessible to communities in an ArcExplorer (free software from
Environmental Systems Research Institute, ESRI) format on CD or in paper
form for use in planning. “How to use the maps for waterfront planning and
redevelopment” guidance can also be provided by the Maine State Planning
Office. The maps can be used as part of the visioning component of the
waterfront redevelopment planning programs mentioned above. Communities
either participating in a waterfront redevelopment planning program or that
simply use the maps in crafting land use and zoning ordinances can receive
preference for state grant funds for waterfront, growth management,
transportation and community development projects.
Service Center Planning Incentives: The Maine State Planning Office currently
provides technical and financial incentives to communities that are regional
“service centers” in an effort to maintain them as viable residential as well as
service-center communities. [A “service center” is defined by the Maine State
Planning Office as a community in which many services (such as shopping
centers, health care, etc.) are provided but is at risk due to declining residential
populations. The Maine State Planning Office’s goal is to make these service
center communities more attractive as residential areas and thus help discourage
sprawling residential and commercial growth patterns.] The planning incentives
through the Service Center Program can be tailored to and focused on a
subgroup of service centers that are also waterfront communities. The proposed
bill on the “Service Center Relief Fund” to the Maine Legislature can provide
additional incentives to service center-waterfront communities. This bill will
provide for a general revenue sharing aid for service center communities based
upon the comparative non-educational tax burden of each municipality.
Harbor Planning: The Maine State Planning Office has offered harbor planning
technical assistance and conferences to coastal communities. This service has
traditionally focused on waterside issues such as developing mooring plans and
can be expanded to address some of the land side harbor issues such as ways to
develop and maintain public waterfront infrastructure.
Financial
Bluebelt Tax Incentives: The Maine State Legislature can authorize communities to use “bluebelt” ad valorem tax relief mechanisms to encourage the
use or construction of water-dependent facilities in waterfront areas. This
concept is analogous to the “greenbelting” mechanisms used to grant tax relief
to farmers to preserve agricultural land. The tax relief could help offset the
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conversion of the waterfront to value-enhanced activities such as condominiums
and restaurants and could be implemented in a variety of forms. For
municipalities that choose the bluebelt options, the state should provide them
with compensation, such as preferences for grants from different funding
agencies related to growth management, transportation, and community
development.
1.

2.

3.

4.

Use-value assessments: establishes the value of land in a particular use
rather than the highest and best use (sometimes referred to as “just value”).
The Maine State Legislature is currently debating LD 2422, a bill for a
constitutional amendment to allow commercial fishing-related properties to
be assessed at current use rather than fair market value. This is a narrower
approach than that mentioned here which can incorporate all functionally
water-dependent uses.
Preferential tax assessments can be given in combination with deferred
taxation or restrictive agreements. In the former case, taxes must be repaid
(sometimes with interest) if the water-dependent property owner converts
the property to a non-water dependent use . In the latter case, restrictive
agreements require the landowner to enter a contract for a specific time
period, agreeing that the property will be maintained in water dependent use
in exchange for use-value instead of a “highest and best use” assessment;
Purchase of Development Rights in which the town or state government
pays the difference between the market value and the water dependent use
value of property. The owner can retain ownership of the property, sell
their development rights, and use the money from the sale as they wish.
The State of Massachusetts uses a similar concept specifically for
boatyards, through the 1986 Boatyard Preservation Act. The act includes
using Purchase of Development Rights (PDRs) as a method to preserve
water-dependent activities. Boatyards are still assessed on the property’s
highest and best use with the PDR mechanism to help offset the taxes on the
water-dependent properties.
Contingent Valuation Assessments in which the value of the land is
assessed to include the values of quality of life and other values not
normally captured in the value of property assessments. Contingent
valuation is a well-accepted set of methodologies in the field Natural
Resource Economics and provides a method for assessing intangible values
such as “quality of life”.

Other Tax Mechanisms: The Maine State Legislature can also pass legislation to
enable municipalities to establish a fund for town protection of waterfronts and
important coastal habitats. The act can include options for funding mechanisms
to be chosen by the municipality such as a deeds excise tax or a tax on real
property. In addition to legislatively authorizing the establishment of such
community funds, the State can conduct town meetings in which visualization
tools and build out analyses are used to encourage communities to think about
their coastal cultural and ecological resources. For municipalities that establish
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these funds, the state should provide them with compensation, such as
preferences for grants from different funding agencies related to growth
management, transportation, and community development.
Historic Preservation Grants: The Maine Historic Preservation Commission
awards survey and planning grants to projects that seek to identify, evaluate, and
protect Maine’s historic and archaeological resources -- for research and growth
management planning. These grants can be used to develop historic and cultural
landscape inventories in a town, which could include important waterfront and
coastal habitat areas. The inventories can follow the U.S. Department of the
Interior guidelines and include: historical research, preparing period plans (as
built), inventorying and documenting existing conditions, preparing existing
conditions plans, and site analysis. [Preservation Brief 36: Protecting Cultural
Landscapes: Planning, Treatment, and Management of Historic Landscapes.
By. C.A. Birnbaun. U.S. Government Printing Office: 1999. 452-989 (10394)]
. Waterfront property owners may also be able to take advantage of the Federal
Tax Reform Act (1986) which included a Historic Preservation Tax Incentive to
allow owners of depreciable properties listed in the national Historic Register a
20% income tax credit on the cost of rehabilitation according to federal
guidelines. In 1999, the Maine Legislature approved a 20% state tax credit to
supplement the federal tax incentive. These historic preservation resources can
be targeted to historic waterfront areas.
Collective Ownership/Inter-Local Agreements/ Development of Cooperatives:
A great way to reduce the burden of maintaining public and private waterfront
infrastructure is to design collective ownerships. Private property owners can
pool resources and share the operations and maintenance costs of their
waterfront businesses. Neighboring towns can develop interlocal agreements so
that residents of both towns can use public waterfront infrastructure and thus
share in the maintenance and operations costs. Another useful model is the
development of local cooperatives, which has been done successfully by many
Maine lobstermen. Instead of relying on the infrastructure and resources of a
one private infrastructure owner, lobstermen have pooled their resources and
supported a local lobster cooperative (with infrastructure) at which they unload
and distribute their collective products. In this way , through “vertical
integration” of product supply to distribution, they have greater control of their
role in the market. Cooperative managers are often hired directly from the
community.
Community Land Trusts: Nonprofit community land trusts can be established to
recycle public subsidies in community property. The land trusts can make
waterfront properties more affordable to residents who want to stay in their
coastal communities and linked with their heritage. This type of land trust is
distinct from those that purchase land or acquire easements to conserve or
protect land. In community land trusts, the trust purchases land or a developed
property and holds it in perpetuity while leasing it to clients. This arrangement
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permanently reduces the purchase price of a house by 20-30% and often makes
ownership a real option for modest income families. Community land trusts can
further reduce the price through financial aid subsidies and soft second
mortgages. Homebuyers/builders sign a 99-year land lease, which is transferable
to descendants. If they sell the house, they receive only what they originally
paid for the house plus the value of improvements. By removing speculation
and profit motives, community land trusts ensure that some homes in the area
will always be affordable to those with modest incomes. In Maine, Coastal
Enterprises, Inc. has helped finance Community Land Trusts (CLT) (e.g.,
Isleboro). In addition to the establishment of a community land trust, it is also
important to have technical assistance available to the land trust. The Maine
Homestead Land Trust Alliance offers technical assistance for start up of
community land trusts.
Their 1999 budget of $65,000 came through
Community Economics in Springfield, MA which assists CLTs nationally. It is
also important to establish community land trusts in combination with checks on
property taxes.
Additional State Funding for Waterfronts and Affordable Housing: Through
bond issues, several Maine State Agencies such as the Department of
Transportation and the Department of Conservation can request public bond
issues for waterfront redevelopment or preservation. The State of Maine can
also use available information about affordable housing shortages or conduct a
new survey and direct funds to coastal communities that have documented
shortages of affordable housing near their waterfronts.
Educational
Right of Way Public Access Grants: The Maine State Planning Office can
continue offering Right of Way public access grants to coastal communities.
The program has provided grants since 1994. Communities groups can apply to
document public rights of way, further protect public rights of way, or develop a
plan for protecting public access to the coast in their town(s). The public access
protection efforts can include components to educate the citizens about the
values of the waterfront, public access, and their coastal environment.
Economic Valuation of the Coastal Cultural and Ecological Resources: An
economic valuation study can be conducted for coastal communities to
document the cultural and ecological values along their waterfronts, including
the collective value of the water-dependent marine trades to Maine’s economy.
The study can include contingent valuation techniques to include the
“intangibles” such as the value of a scenic view or the value of enjoying a
historic building as part of the community. This valuation can then be used as
an educational tool for communities to protect their waterfronts.
Increase Training/Educational Opportunities for Marine Trades: The State of
Maine can commit funding to provide better state-of-the-art training and
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educational opportunities to Maine residents to support the state’s marine trades
industries (e.g., boatbuilding, facilities operators). Industry advocates, such as
the Maine Marine Trades Association, can be a valuable resource in properly
directing this effort.
Develop Heritage Trails Along the Waterfronts: Maine communities can apply
for assistance from the National Park Service, Rivers and Trails Office for the
planning and establishment of a heritage trail along their waterfronts. The
heritage trails can include interpretive signs with information about the cultural
and ecological heritage in the waterfront communities.
Develop a Unified Voice for the Maine’s Coastal Cultural Heritage: A coalition
could be developed to provide a unified voice for Maine’s water dependent use
businesses and Maine’s coastal cultural heritage. The coalition can conduct an
educational campaign including information from the economic valuation
mentioned above, and cultural and ecological inventories. The coalition could
also work together to lobby the state on issues affecting Maine’s coastal cultural
heritage.
Regulatory
The Maine Legislature can pass a bill to establish a waterfronts task force. The
task force can conduct a review of Maine’s waterfronts and make
recommendations for additional protection and improvements. The Maine
legislature can also pass the bills related to municipal investments (for uses
including historic preservation improvements and purchase of development
rights), information-grants-and technical assistance to municipalities for
Geographic Information Systems usage (to assist in visioning and the
development of build out analyses), and the Service Center Relief Fund
mentioned earlier. The Maine Legislature can pass a bill to require the Maine
Department of Environmental Protection to develop a rule considering
cumulative impacts on coastal habitats during its review of development permits
instead of the current practice of single application determinations.
Partnerships
A municipality can place conditions on a private entity wishing to purchase a
waterfront property. Conditions can include: impact fees to be used to purchase
other properties that can provide similar public access to the coast or protection
of coastal habitats, public right of way easements on the purchased property, or
maintenance agreements on an adjacent public open space or infrastructure. The
state can also work in partnership with private non-profit financing corporations
such as Coastal Enterprises, Inc. to give preferential capital investments to water
dependent uses ventures and property purchases which will protect coastal
habitats. The state agency/agencies and the nonprofit financing corporations can
work up a collective set of goals through a Memorandum of Agreement, make
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investments as agreed, and contribute to the protection of Maine’s coastal
heritage.
C) Applicability of Ideas to Other States
If we act quickly, Maine has the luxury of the opportunity to be proactive in
protecting its cultural and ecological heritage along the coast. It is certainly less
developed than many other U.S coastal states. However, the concentration of
development and percentage of private ownership along the Maine coast is high
and Maine’s coast is privately owned down to Mean Low Water. Compared to
the U.S. West Coast States, Maine has a lesser percentage of coastal lands that
are public -- developed or not. In addition, Maine’s working waterfronts, public
access ways, and coastal habitats are disappearing as they are in many other
coastal states. The comprehensive use of a mix of planning, financial,
educational, regulatory and partnership mechanisms to protect coastal waterfront
areas seems the most feasible for Maine and also applicable to other U.S. states.
Several U.S. States have already initiated waterfront programs or cultural
protection programs. For example, New York is in the seventh year of a
Waterfront Revitalization Program. Florida has a Waterfronts Florida
partnership which incorporates organizational development, visioning and plan
development, and plan implementation. Oregon also has a waterfronts program
within their state Coastal Program. Both Oregon and Massachusetts have
programs to help coastal communities inventory their cultural and ecological
landscape resources and vision for their futures. Maine’s approach to protecting
our cultural and ecological heritage along the coast will need to be
comprehensive and formalized, such as through a Legislative Task Force or a
Coastal Heritage Program; It can complement and build upon other states’
efforts. In sum, the market doesn’t have to be the only determining influence on
our coasts.
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Abstract
Time lapse video photography was used as a tool for monitoring visitor and
vessel patterns of use at remote sites in the Great Barrier Reef Marine Park,
Australia. Video monitoring described patterns of use including; vessel size and
type, the time, duration, and preferential use of moorings, and the number and
timing of snorkeling and SCUBA diving activities. Video monitoring produced
more succinct information than current methods of establishing use. However,
there is an interaction between the resolution of videotape used for recordings
and the length of the recorded sample on observer accuracy and consistency.
Video monitoring can assist coastal managers in designing regulatory and
management strategies that ensure conservation while fostering the sustainable
use and economic development of natural resources.
Introduction
With advances in technology, video monitoring has become widely used in a
variety of situations. One advantage is that the photographs can be taken from a
position that may be difficult, impractical, or even impossible for observers to do
over an extended period of time (Wratten 1994). Conventional techniques are
often biased, and the presence of an observer might significantly alter the
subjects behavior or activity (Carthew and Slater, 1991). Hatch (et al.) comments
that: “within the biological sciences the use of video technology is most
prevalent in the field of microbiology but relatively few applications have been
reported in the aquatic sciences” (1994). Although, Dorwick found that video
monitoring is widely used in microbiology and the behavioral, medical, and social
sciences (1991). The ability to capture a continuous record of events over a
given time permits behavioral scientists to capture the subtleties of human
expression, emotion, or response behavior. Similarly, medical scientists and
microbiologists can capture details regarding procedures or response to stimuli.
Rather than viewing a singular record of behavior before and after it occurs,
viewing continuous pictures can provide an understanding of the mechanisms
driving the activity.
Video monitoring has been used for environmental purposes to ascertaining
numerical measures of activities (Dorwick 1991). For example, estimates of the
number of fish using escapments (Hatch, et al. 1994), number of times cows
94

returned to feeding blocks (McCoy and Rice 1994), and feeding excursions by
nocturnal animals (Carthew and Slater 1991), have all been described using video
monitoring techniques. For these studies, counts of the subjects were made
between different instantaneous photographs to provide measures of change.
This methodology is frequently referred to as time lapse video monitoring
(Dorwick 1991). Hatch (et al.) states that time lapse video “...provides excellent
image quality, offers adequate reliability, and can function unattended for
extended periods of time " (1994). Additionally, they state that: "besides being
more economical (than traditional methods of observations) video monitoring
creates a permanent record of events which may be re-examined and subjected to
a variety of analysis" (ibid.). Videotapes can be viewed in different modes such
as fast forward, reverse, slow motion, and pause or freeze frame. They can also
be repeatedly analyzed and scored for different variables and different time
intervals with different observers to establish reliability (Edwards, et al. 1993).
This capability enhances accuracy and consistency in observers' estimates
(Dorwick 1991)
Few studies address the methods employed when using time lapse video for
environmental monitoring purposes. They frequently do not discuss the
significance of the length of the recorded sample, the resolution (or format) of
videotape used, and the interaction of these two factors, if any exists, on the
type and quality of data captured by video monitoring. In a 1989 study for the
Great Barrier Reef Marine Park Authority (GBRMPA), Carleton determined that
technology had advanced to a level that video would provide a practical and
viable means of data collection in the marine sciences. Videotaped samples of
coral reefs have since been incorporated into the GBRMPA coral reef database
and video is now a commonly used technique for monitoring changes in coral
assemblages.
The Great Barrier Reef is a collection of reefs, coral cays, and islands stretching
over 2000 kilometers along the eastern shore of Queensland, Australia. It is
home to the largest marine park in the world and is one of the richest in biological
diversity. The park supports a wide range of activities and industries for a
diverse group of users. This includes recreational users, commercial fishermen,
tourist operators, tourism visitors, indigenous peoples, and scientific activities.
The GBRMPA is responsible for managing these competing interests while
maintaining the ecological integrity and sustained use of the Reef (Valentine
1985). Located in the Central Section of the marine park is the Whitsunday
Island Chain. The beauty and diversity of the island chain has made it a popular
destination for private recreation and tourists (Colfelt 1985). Manta Ray Bay,
Hook Island is located at the northern end of the chain. Manta Ray Bay is a
concave shaped bay approximately 300 meters in width. The bay has a crescentshaped beach backed by a steep hillside and is ringed by cliffs rising 30 meters
high. The bay provides a protected anchorage from prevailing southeasterly
winds and has a well-developed fringing reef that regularly has good visibility
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conditions within the water (ibid.). Consequently, the bay has become a favored
site for snorkeling and SCUBA diving activities (ibid.). In 1992, the bay was
declared a Special Management Area (SMA). The SMA designation allowed
park managers to prohibit certain activities in order to foster conservation and
protection of the area's resources. The GBRMPA stated that: “as a result of
heavy use of the area considerable coral damage from anchoring and from diver
fins has occurred and the quality of the reef is declining” (1992). The GBRMPA
prohibited anchoring in the bay, overnight mooring, mooring for longer than two
hours, and the use of moorings by vessels longer than 10 meters. However, the
bay’s use by commercial and recreational users is thought to be increasing
despite its SMA designation.
Currently, the GBRMPA uses an Environmental Management Charge (EMC) to
establish visitor and vessel use at specific sites. The EMC is levied only on
commercial operators and equates to $1.00 per person per day (GBRMPA 1993).
However, the EMC does not describe mooring patterns, use by private vessels,
or the duration, intensity, and type of visitor activities. Thus, documentation
regarding the spatial and temporal patterns of use at remote sites is scarce
(Berkelmans 1994). In consideration of the high amenity values associated with
the bay, GBRMPA desired to establish patterns of visitor and vessel use before
developing specific plans for the site (ibid.). Hence, methods that augment the
EMC could be useful in addressing sustainable use issues at remote sites within
the Great Barrier Reef.
Research Plan
A Hi-8 video camera was used to monitor the activities in the bay over a 28-day
period in 1995. The camera made recordings on high-resolution Hi-8 format
videotapes that were 90 minutes in length. The camera had a 32-mm diameter
lens that supported an 80-mm X 0.70 magnification wide angle lens, a circular
polarizer, and had a zoom facility. A programmable microprocessor turned the
video camera on and off according to an MS-DOS computer program initiated
from a laptop computer. The program allowed the researcher to choose the
number of samples recorded per hour, the length of the recorded sample, and the
time of day to begin and end sampling. The camera and microprocessor were
powered by two 6 volt, 6.5 ampere gel cell batteries which were recharged using a
solar panel and a battery re-charger. The video camera, microprocessor, and
solar re-charger were housed in a waterproof, secured camera housing. The
camera housing was mounted on a tripod head and telescoping device that
allowed proper adjustment for the field of view. A monitor housing with a
security mounted prospecs lens held the components and the solar panel. A
collection of boulders on the bay's western edge provided a site good views of
all three moorings, reasonable views of snorkelers and SCUBA divers relative to
their size, and was unobtrusive to users of the bay. Detailed field notes of
observations made while at the site provided a second source of data. The notes
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were used to verify and calibrate the data captured by the video monitor; to
evaluate the accuracy, consistency, and reliability of video taped samples; and to
evaluate the most appropriate sampling strategies for video monitoring.
Additionally, trends and patterns of use observed at the site were compared to
trends in the video-captured data to determine the effectiveness of the
technique.
Methods
The Hi-8 format videotapes used by the camera could record up to 90 minutes of
footage each. Daylight hours were from approximately 7:00 AM - 7:00 PM, and
park personnel could only visit the island once per week (Berkelmans 1995).
Consequently, a single 90-minute videotape had to be sufficient to hold 12 hours
of daily monitoring for an entire week, or one minute of videotape could be
recorded per hour of monitoring. During the initial site visit, discussions with
commercial operators indicated that their excursions usually lasted for less than
one hour. Video footage taken at the time suggested that determination of
snorkeler behavior in less than 5 seconds was problematic (e.g., determining
whether the object was a rock, wave, or snorkelers’ fin). Consequently, a
sampling strategy of 20 seconds every 20 minutes was chosen as the preferred
sampling strategy.
The strategy ensured daily coverage of activities,
accommodated the need to change the tapes weekly, was frequent enough to
capture operators in the bay, and long enough in duration to distinguish
between snorkelers and other activities in the bay.
The Hi-8 format videotapes were edited onto a high-resolution, S-VHS format
master videotape. Video footage from the Hi-8 tapes that did not include vessels
or visitors was considered to be “blank” and subsequently deleted through the
editing process. Each recorded segment (20 seconds in length) was assigned a
sample number and noted for the day, date, and time of the recording. This
information was recorded onto a descriptive header preceding each sample. The
researcher carefully reviewed each sample on the master tape to determine the
pattern of use by vessels and the number and timing of “in-water” visitor
activities. Vessels were noted for their length, type, mooring preference, and the
time and duration of excursions. Commercial vessels were readily identifiable
given information supplied by GBRMPA and field notes taken while located at
the site. Although vessel names were not apparent in video taped samples, some
vessel characteristics such as color, height, length, and design were identifiable.
Vessels that did not fit the description of a known commercial vessel were
assumed to be private vessels. Visitor activity was determined by estimating the
number of snorkelers, swimmers, and SCUBA divers apparent in each videotaped
sample. The estimates were used as the “expected” number of visitors in later
statistical and comparative analyses and were enhanced through the use of field
notes taken at the site. Although frequently visible, no attempt was made to
estimate the number of visitors that did not participate in “in-water” activities.
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Additionally, no attempt was made to chronologically correlate an individual
visitor’s preference of activity between video taped samples. Development and
analysis of the video taped footage required 5 hours for each hour of actual
footage.
Recording Resolution
A sub-sampling strategy was developed to determine the significance of the
length of the recorded sample, the resolution of video tape used, and the
interaction of these two factors, if any exists, on the type and quality of data
captured by video monitoring. For practicality, the comparative strategy relied
on counts and numeric measures of “in-water” visitor activity. Video tape
recordings containing “in-water” visitor activities were sub-sampled at random
and edited into 1, 5, 10, and or 20 second recorded lengths. A random number
generator was used to allocate the samples to one, or more, of the four sample
length categories creating 132 sub-samples (Zar 1984). The 132 sub-samples
comprise an unbalanced orthogonal un-replicated data set (ibid.). The subsamples were then re-recorded onto videotapes having different levels of
resolution or clarity, as determined by the format of tape used for the recordings.
The first tape was recorded on a high resolution, S-VHS format videotape. Four
observers reviewed the videotape and estimated the number of SCUBA divers,
snorkelers, and swimmers in the bay. The second tape was recorded on a low
resolution standard VHS format videotape. Three observers reviewed the
second videotape and estimated the same “in-water” visitor information. These
numerical observations were compared to each other and to the number of
visitors that the observers were “expected” to see in the waters of the bay. On
average, the observers took 3 hours to analyze 1 hour of videotaped subsamples. The observers viewed the randomly allocated sub-samples in the same
order, however the tapes were divided into segments to reduce bias associated
with boredom, weariness, eyestrain, and fatigue. (Dorwick 1991). All tapes (Hi-8,
S-VHS, VHS-standard) were viewed on S-VHS equipment and a high-resolution
monitor using a jog and shutter device. The jog and shutter provides observers
with greater mobility to view individual frames and series of video footage,
increasing the accuracy and consistency of the data obtained.
Results
The video monitor was operational on 12 of the 28 monitoring days or 43% of the
time. The monitor sampled according to the prescribed sampling interval on 3 of
the 12 days or during 25% of the operating period. In contravention to its
instructions, the microprocessor recording 20 minutes of footage every 20
seconds, rather than 20 seconds of footage every 20 minutes. Consequently, the
monitor sampled in a continuous mode 9 of the 12 days or during 75% of the
operating period. The video monitor failed to operate on 16 of the 28 monitoring
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days or 57% of the time. The gel cells did not provide adequate power to the
electronic components on 7 of the monitoring days (25%). The battery for the
laptop computer failed on 2 days and the hard drive failed on a third day (18%).
The microprocessor failed to turn on as instructed on 5 days (11%) possible as a
result of the inadequate performance of the gel cells, laptop computer, or MSDOS program. Lastly, the camera reached the end of the videotape prematurely
due to sampling in a continuous mode (1 day or 4%).
Sampling incorporated 62 hours 45 minutes of the monitoring period and
produced 58 minutes of applicable video footage. Visitor and vessel activities
were observed during 25 hours 45 minutes of the sampling period or 41% of the
time. Comparatively, no activity was observed during 37 hours 5 minutes of the
sampling period or 59% of the sampling period. Observations of visitor or vessel
activity produced a total of 172 samples, 20 seconds in recorded length each.
Of the 172 samples, 52 contained observations of visitors participating in "inwater" activities such as snorkeling, swimming, or SCUBA diving. The accuracy
of the seven observers' visitor estimates (see Methods) ranged from 21% to 86%
of the number of visitors they were expected to see. Two observers estimated
70% or more of the expected number of visitors when viewing samples of 5
seconds or longer recorded on high resolution format tape. One observer
estimated 70% or more of the expected number of visitors when viewing samples
of 10 seconds or longer recorded on low resolution format tape. When viewing
high-resolution videotapes, observer accuracy increased markedly when viewing
recordings of 5 seconds in length verse 1 second. When viewing low-resolution
videotapes, observer accuracy increased as sample length increased.
Additionally, the mean level of error in each sample length category was lower
for observers viewing high-resolution tape than for observers viewing lowresolution tape. Chi-square Goodness of Fit tests indicate that 4 of the 7
observers had significant critical values regardless of the length of the recorded
sample or the resolution (format) of tape used. Conversely, 2 of the 7 observers
had non-significant critical values when viewing samples of 5 seconds or longer
recorded on high-resolution format videotape. One observer had non-significant
critical values when viewing samples 10 seconds or longer recorded on lowresolution format videotape.
Visitors were observed participating in snorkeling, swimming, or SCUBA diving
activities from 10:15 until 5:00 PM with large groups observed in the afternoon
(Figures 1, 2). Snorkeling activity was observed primarily in the afternoon and
SCUBA diving activities were observed primarily in the morning and at mid-day.
Three times as many snorkelers (226) were observed than SCUBA divers (80).
However, these observations are reflective of the number and distribution of
visitors per sample, not the actual number of visitors each day.
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Vessels made a total of 33 excursions to the bay and one commercial operator
had six excursions (Figure 3). Of 24 vessels that were observed in the bay, twice
as many were private (12) than commercial (6), excluding dinghy’s (6). However,
commercial vessels were viewed twice as often (20:45) as private vessels (10:40)
during the sampling period. Commercial vessels were observed throughout the
day, whereas private vessels arrived primarily between 10:30 AM and 5:00 PM
(Figure 3). On 9 of 33 occasions, or about 25% of the time, vessels arriving
between 2:00 PM and 3:00 PM chose not to moor and either queued or drifted,
but did so for less than 20 minutes.
Of the three moorings in the bay, one mooring (mooring “C”) was used last, least,
and generally for less than 90 minutes (Figure 4). Vessels violated regulations
25% of the time by mooring for longer than two hours. However, the average
duration of mooring was less than two hours. Vessels that utilized moorings
ranged from 3 meters to 15 meters in length and had a mean length of 10 meters.
Of the 24 vessels observed in the bay, one commercial vessel and one private
vessel moored overnight twice for a combined total of four occasions.
Video monitoring recorded 15 commercial excursions to the bay during which 82
visitors participated in snorkeling, swimming, or SCUBA diving activities
(Figures 1, 2, 3). In contrast, the Environmental Management Charge (EMC)
recorded 12 commercial excursions, carrying a total of 122 visitors to the bay
(Berkelmans 1995). Video monitoring captured 20% more commercial excursions
than the EMC, but only 67% of the visitors indicated by the EMC. However,
estimates from videotaped samples only considered those individuals
participating in “in-water” visitor activities and not all visitors to the bay.
Conclusion
Time lapse video monitoring described visitor and vessel patterns of use at
Manta Ray Bay. Vessel patterns including the timing, duration, and preferential
use of moorings, average vessel size, and intensity of use by commercial and
private vessels were described by video monitoring. Video monitoring also
described the timing, duration, and intensity of swimming, snorkeling and
SCUBA diving activities. The technique can supplement existing forms of data
collection, such as the EMC, in more accurately describing patterns of use at
remote sites within the GBR. Although the initial costs of the monitoring system
were high ($5700 AUS; $4100 US), the operational costs were fairly small when
compared to observers physically located at the site. The monitoring tool can
also help in determining whether regulatory and mooring management strategies
are having their intended effect.
The combination of percentage accuracy, mean error, and Chi-square Goodness
of Fit tests, suggest that there is an interaction between image resolution (format
of tape used for recordings) and the length of the recorded sample on the
accuracy and precision of observer estimates. The results suggest that
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videotaped samples should be recorded on a high-resolution format of
videotape, and that the samples should be at least 5 seconds in recorded length.
The results also suggest that the best sampling strategy for Manta Ray Bay is to
record 5 seconds of video footage every 15 minutes from 8:00 AM to 5:00 PM.
Given such a strategy, one month of time lapse video monitoring could be
recorded onto a singular, 90 minute, Hi-8 format videotape.
Since this study's completion, the video monitor has been used extensively at
Hinchenbrook Island. The site is listed as a World Heritage Area because of its
unique outstanding natural features. The video monitor is being used to assess
vessel patterns and their interaction with Dugongs, an endangered species, in
the Hinchenbrook Channel. Based on this study's findings, a standard 12-volt
automotive battery replaced the gel cells to provide a more reliable, longer lasting
power source and a user-friendly interface was designed for programming the
microprocessor. The video monitor has captured 2400 samples without incident
and may be used for other applications in the marine park. The study at Manta
Ray Bay has illustrated that video monitoring can be an effective tool for
decision making. Time lapse video monitoring can assist coastal zone managers
in developing policies and programs that ensure the continued protection, longterm development, and sustained use of coastal and reef resources.
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PUBLIC ACCESS AND WILDLIFE COMPATIBILITY
Caitlin Sweeney, San Francisco Bay Conservation and Development
Commission
Joe LaClair, San Francisco Bay Conservation and Development Commission

Introduction
Increased human demand for outdoor water-oriented experiences, expanding
shoreline development, and shrinking wildlife habitat areas have clearly elevated
the potential for interaction between public and wildlife use of many shoreline
areas.
Does public access adversely affect wildlife and, if so, how? What kinds of
access under what circumstances affect what kinds of species? Can public
access be provided near habitats of sensitive species in ways that avoid or
minimize habitat degradation and impacts on the species? If so, how should the
access be sited, designed, constructed and managed? These are all questions
resource managers and coastal regulatory agencies need answered to better
fulfill their obligations. Moreover, as more local governments (cities and
counties) and special districts (park, recreation, open space districts) require
public access as part of their shoreline projects and planning permit authority,
better information is needed to guide public policy decisions regarding the
interaction of public access and wildlife.
Background
The San Francisco Bay Conservation and Development Commission (BCDC) is
charged with both protecting the Bay and its wildlife resources, and providing
for maximum feasible public access to and along the Bay. Federal and state
resource agencies and nonprofit environmental groups, such as local chapters of
the National Audubon Society, the Sierra Club and Save San Francisco Bay
Association have sometimes objected to the public access provisions of projects
approved by BCDC, contending that public access is incompatible with wildlife.
Moreover, federal and state resource agencies, such as the U.S. Fish and
Wildlife Service and the California Department of Fish and Game, also
periodically object to the public access provisions required by BCDC as a
condition of obtaining a BCDC permit. Often the groups conflict in their
independent view of whether public access is appropriate at a particular site and
the appropriate scale and intensity of the access.
Over the last 30 or so years, BCDC’s policies on public access have evolved
from the fundamental goal of public access creation and expansion, to more
complex policies that recognize the necessity of balancing development of
public access with parallel goals of wildlife and habitat protection and
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enhancement. BCDC’s permitting process has reflected the increasing attempt to
balance public access opportunities with wildlife needs. However, in the many
years since BCDC’s policies were created, available information on the effects
of public access on wildlife has increased and concern over this issue has grown.
BCDC is now endeavoring to further revise its policies to better address the
complex issue of public access and wildlife compatibility.
The San Francisco Bay Public Access and Wildlife Compatibility Project
BCDC received funding from the National Oceanic and Atmospheric
Administration, Office of Ocean and Coastal Resources Management, to address
this fundamental coastal management issue. BCDC has initiated, in partnership
with the Association of Bay Area Government’s Bay Trail Project (Bay Trail
Project), the San Francisco Bay Public Access and Wildlife Compatibility
Policy Development Project. This two-year study will generate improved
information on public access impacts on wildlife and ways to address these
impacts to facilitate better informed policy decisions.
The Bay Trail Project, with BCDC assistance, has taken the lead in facilitating
original field research to measure public access impacts on avian species that
inhabit San Francisco Bay. BCDC, with Bay Trail Project assistance, is
concentrating on improving its knowledge of design and management strategies
to avoid or reduce impacts by undertaking a comprehensive assembly and
analysis of available information, collecting further observational and anecdotal
information through a survey of land managers, and establishing an advisory
committee to generate policy recommendations.
Information Assembly and Analysis
An exhaustive literature search conducted by BCDC on recreational impacts on
wildlife resulted in relatively few relevant field studies. All the identified
published studies did find some degree of negative impact to wildlife from
human recreational activities. However, considerable complexities were
revealed regarding direct and indirect impacts to wildlife from different types of
recreational behavior in various habitats. These complexities prevent major
generalizations on the effects of recreation on wildlife.
Historically, there have been problems with the research and data collected on
the recreational impacts on wildlife. Identifying human impacts on wildlife is
difficult for many reasons including: 1) baseline data for comparison are often
missing; 2) there are both spatial and temporal discontinuities between impacts
and effects; 3) it is difficult to distinguish between natural variability and
human-induced variability (or difficult to isolate individual factors); and 4) the
potential ability of wildlife to acclimate to human disturbance is poorly
understood.
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The overwhelming consensus from nearly every article or book reviewed on the
impacts of recreation on wildlife is that more, well-designed studies need to be
conducted before any major generalizations can be made. Studies such as the
field research currently being facilitated by the Bay Trail Project will help
increase the current state of knowledge.
The literature search BCDC staff conducted resulted in no scientific field studies
on the effects of specific trail design or public-use management strategies on
levels of impacts on wildlife. Very little is known on the capacity of
infrastructure and management to alter recreational impacts on wildlife. There is
a tremendous need for more evaluation of design and management strategies
that avoid or minimize levels of impact on wildlife.
Despite the lack of concrete scientific analysis of the success of specific design
and management strategies to avoid or reduce impact of public access on
wildlife, a significant number of creative and interesting strategies have been
identified. BCDC developed a comprehensive Design and Management
Strategies Matrix, providing an extensive synthesis of specific design and
management strategies that may be used to avoid or minimize impact of public
access on wildlife.
Design and management strategies to avoid or minimize impact of public access
to wildlife can take many forms and can be employed on varying spatial and
temporal scales (i.e., the initial planning and design of a trail, the construction
on-site, and the management of users over time). There are many ways to
categorize such design and management techniques such as: indirect versus
direct management strategies (i.e., educational signage versus use limitations);
or techniques employed during the planning and design of the trail or open
space, versus techniques employed on site after construction (i.e., spatial,
temporal, behavioral, etc.).
Management techniques that address potential public access impacts to wildlife
were categorized into one of three variables that characterize the user/wildlife
interaction. These three management categories are: 1) siting and design; 2) use
management; and 3) wildlife management. Each of the three elements (the trail
itself, the trail users, and the wildlife in the public access area) can be managed
independently or, more likely in combination, to control impact. Obviously,
manipulation of one variable will affect the others, and the distinction between
the three variables may not always be precise. However, categorizing
management techniques into these three variables provides a useful means of
organization for discussion and planning purposes.
Each strategy has recognized benefits and challenges, and each may or may not
be appropriate in a specific situation. However, there is a clear benefit in
documenting these design and management strategies. Managers throughout the
nation benefit from the sharing of individual experiences in addressing the
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impact of public access on wildlife. The collection and analysis of potential
design and management strategies offers a useful tool for decision makers.
Distribution of National Survey
BCDC is currently building on the information in the Design and Management
Strategy Matrix by conducting a nationwide survey of land managers. The goals
of the survey are to gather further observational information on recreational
impacts on wildlife, and to document on-site experiences with specific design
and management strategies and how those strategies have or have not been an
effective tool in avoiding or reducing impact on wildlife from human activities.
The survey was developed and mailed to over 350 managers of local, state and
federal reserves, parks, refuges, open spaces, recreation areas, and wildlife
management areas. The selected group of people from around the nation manage
sites that contain sensitive habitat areas and allow public access. Data from the
survey are currently forthcoming.
Formation of a Policy Advisory Committee
BCDC formed a Policy Advisory Committee (PAC) to function as a forum for
public input and debate and to help facilitate a consensus among regional public
agencies and non-profit organizations on the development of revisions to
existing public access policies. The PAC is comprised of fourteen individuals
representing a wide range of professional fields, geographic areas and public
interests to assist BCDC in developing achievable, effective consensus-based
policies that may be implemented throughout the region. The represented
disciplines include biologists (consultant, academic and agency), resource
managers, regional park district employees, environmental planners, landscape
architects, and non-governmental agency activists (including both recreation and
wildlife protection advocates). The PAC assisted with the development of the
survey, and is in the process of formulating policy recommendations to BCDC.
Preliminary Conclusions
There is a clear need for more, well-designed, scientific studies of recreational
impacts on wildlife, both on a local scale in the San Francisco Bay Area, and on
a national scale in similar habitats with similar recreational uses. Specifically,
there is a paucity of knowledge on the differential impacts of diverse types of
recreational activities on various wildlife species. In addition, there is much to
learn on the relationship of recreational frequency and spatial scale to wildlife
impacts. An increased understanding of spatial and temporal discontinuities
between impacts and effects is also needed. Also, the potential ability for certain
species to become habituated to some degree of human interaction is a poorly
understood though important factor.
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To better evaluate impacts of recreational use on wildlife, more research is
needed to develop appropriate assessment indicators (monitoring target species,
or measurements of behavioral response, for example). Baseline data are needed
both for comparison purposes and to help isolate disturbance factors (i.e.,
recreation caused disturbance versus other factors such as poor water quality or
natural variability).
Furthermore, though better science is obviously needed in order to make better
informed decisions about management of public access, science alone will not
dictate the existence or design of public access. Rather, science is part of a larger
framework that also includes public values and benefits, laws and regulations,
and overall management objectives of specific areas. Within this larger public
policy framework, some sites may be managed to preclude or severely limit
public access, while other sites may be allowed a variety of uses and actively
managed to find a balance between resource preservation and recreation and
transportation. It is within this larger management framework that managers are
striving to find the optimal balance between use and protection, and where
specific design and management strategies can be employed to avoid or
minimize potential impact.
In the meantime, as more information is generated from various sources,
development of policies to address public access impacts on wildlife necessitates
the incorporation of available scientific information, public values, existing
institutional frameworks, a monitoring effort to provide on-going feedback on
policy effectiveness, and the flexibility to review and revise the policies as more
information becomes available.

Caitlin Sweeney
San Francisco Bay Conservation and Development Commission
30 Van Ness Avenue, Suite 2011
San Francisco, CA 94102
Phone: (415) 557-8794
Fax: (415) 557-3767
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Introduction
In Tijuana a high percentage of the population has no access to recreation
activities given the scarce offer of public recreational facilities and the low
quality of the facilities that exist (Cuamea, et al, 1985). The extension of parks
in the city is of about 0.6 square meters (Méndez, 1993), notwithstanding the
official statistics of 0.26 square meter per inhabitant reported in the Plan
Municpal de Desarrollo 1996-98. These figures are far from the international
recommendations of the UN which establish 8 to 10 square meters per
inhabitant.
The beaches in Tijuana
have represented a natural
attraction for the residents
of the region, given their
accessibility
to
the
population that requires
recreational spaces. These
beaches
have
been
transformed in to one of the
most important recreational
sites of the city, specially
during the summer, when
thousands
of
people
procure entertainment.
The purpose of this research project is to promote the recreational use of this
area considering the social demands that are generated by the users as well as
the need for infrastructure and public safety. Taking into account the
aforementioned areas of interest, we will be able to recommend a physical
rehabilitation plan to improve the function of the recreational space through an
integrated diagnostic of the area that will permit an integration of the three levels
of government that have jurisdiction over this territory.
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Study area
Located in the county of Tijuana, in the State of Baja California (Figure 1), the
area of study is south of the United Sates border. It is located in the
neighborhood of Playas de Tijuana. To the east is the Paseo Playas avenue, to
the south is the scenic highway Tijuana-Ensenada, and to the west the Pacific
Ocean.
We identify three units of analysis within the area of study: "Monumental",
"Coral Beach" and "Costa de Oro" (Figure 2). The criteria used include the
geomorphological character, the natural shape of the beach and the existing
recreational infrastructure.

Playas de Tijuana

T ijuana-E nsenada Hiway

Zone 2
Coral Beach
Zone 3
Costa de Oro

Pacific Ocean

Zone I
Monumental

U nited St ates

N

Figure 2. Study area: Playas de Tijuana
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The beaches and its patrons
According to a survey (n=126), 88% of the visitants reside in Tijuana. Of these
64% live in the residential neighborhood of Playas de Tijuana. The people who
visit these beaches do so three times a week, which is significant. It is during the
summer that the greatest influx of visitors occurs.
The visitors perform different activities in the beach. Approximately 24% of
those surveyed exercise or walk on the beach, 22% of the visitors refer using
the beach to relax, and 22% swim. The number of visitors vary during the day,
with the afternoons and the mornings the preferred hours. 20% visit the beach at
night and 47% of these report staying an average of 2 to 4 hours.
The economic impact of visitors to this area is low, given that 48% of the
visitors do not spend; 12% spend only an average of 2 to 5 dollars; 10% spend 5
to 10 dollars; 12% spend 10 to 20 dollars; 10% spend 20 to 40 dollars and only
the 4% spend more than 40 dollars.
Perceptions
Through the implementation of the survey, we found some interesting
perceptions regarding the beach. First, people refer "liking" the beach and
consider that it is not polluted. This perception is reinforced by the lack of
recommendations to improve the image of the beach. Nevertheless, a great
percentage of those interviewed were willing to participate in a improvement
project.
In terms of the hygienic perceptions of the beach, people consider that the beach
could be improved by increasing the number of trashcans. However, the
quantity of trash on the beach does not interfere with their capacity to enjoy the
scenery. The ocean, the sand, the breeze and the tranquil environment are some
of the reasons why people seek the beach to meditate and relax. In addition, the
beach is considered to be an environment that promotes the reunion of family
and friends.
Finally, we can conclude that this area is considered as a place for social
interaction, and not a place of commercial exchange. The users consider their
access to the beach as an opportunity to leave momentarily the urban and
commercial environment. Thus the beach is close to the urban center but its
characteristics are drastically different.
Area I “Monumental” Diagnostic
This area contains the greatest number of accesses to the area of study. 59% of
the visitors reach the beach through the stage in the main walkway and 47%
utilize the stairs in this section. Of the 20 access routes along the beach, only
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50% reach the Paseo Pacífico avenue from the beach boardwalk, the other 50%
extend from the boardwalk to the sand. There are also a series of trails and roads
in precarious conditions that allow people and vehicles to reach the beach.
The beachfront is characterized by having a high percentage of open space (65%
of the total area). There can be found some buildings of which 45% can be
considered in good shape and 65% are very deteriorated. A great number of
these are on sale or for rent. Restaurants or other venues occupy 40% percent of
the buildings, while the remaining 60% are residential use.
In addition to the lack of vegetation, the visitors, residents and the slope
characteristics of the area contribute to its erosion (95% of the surface can be
considered eroded). This implies a great instability of the land and an increasing
risk to the physical infrastructure.
61% of the beach goers refer to the Monumental area of the beach is their
“favorite” site. The recommendeded activities for this site given the intensity of
use are: walking, running, playing, contemplation, fishing, swimming,
eating/drinking and allowing pets with certain restrictions.
As a result of the great number of visitors, this zone has the greatest number of
services in comparison to the other two areas of study. During the summer up to
45 salespersons offer their products on the beach to the visitors. Their goods
range from food to flotation devices, balls and photographs.
Diagnostic of zone 2 “Coral Beach”
This zone has two entries to the beach. One is located on the north side, by
Parque Azteca Norte avenue, and it is merely a dirt road that passes next to a
apartment complex. To the south is Parque Baja California Avenue, which also
has a dirt road that reaches the beach.
Given the poor accessibility of this zone, one can notice that the natural
environment is better conserved than the other areas of study. In particular,
there is greater land surface covered by vegetation (50%) which stabilizes the
land. However in 50% of the area there are ditches that result from eolic and
water erosion. It is important to mention that although in this area there is no
urban water discharge, there is a ravine that flows throughout the neighborhood
and reaches the beach.
According to the survey, the activities that take place in this area include:
walking, running, contemplation and fishing. Finally, given the lack of access to
beach, there are a small numbers of visitors, a lack of services and very few
roving vendors.
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Diagnostic of zone 3 “Costa de Oro”
A set of stairs in a state of disrepair is one way to reach the beach in this zone.
Other ways to access the sand requires walking down very steep slopes (mostly
of 90 degrees) of idle land. These slopes, like those in the other areas of study
are quite eroded.
There are few edifications in the beach front (10% of land coverage), and the
existing ones are abandoned or in state of disrepair.
In a section of this area one can find the remains of an old concrete access to the
beach that is now fractured and broken down. There are no services in this area,
not even light posts.
The activities performed in this area are walking, running, contemplation,
playing, pet walking, eating/drinking and swimming. Notwithstanding the
difficulty in reaching the beach there are local vendors right on the beach that
sell food and drinks primarily.
Recommendations
The table below relates the recreational activities to the areas in which they are
performed in all three zones of Playas de Tijuana.
Table 1. Intensity of use by zone (3 high, 2 medium, 1low).
Activity
Zone 1
Zone 2
Zone 3
Swimming
3
1
2
Walking/running
3
3
3
Eating/drinking
3
1
2
Contemplation
3
3
2
Playing
3
1
2
Pets
3
1
3
Fishing
2
3
1
From the zone analysis, recommendations were developed for every activity.
The limitations and recommendations are delineated next.
Walking/running. Those visitors that use the beach for running or walking
generally do so during morning or afternoons, naturally avoiding the presence of
large crowds during the day. This behavior is favorable to the orderly use of the
beach. Thus the only recommendation for this activity is the use of shoes or
other protective equipment to prevent foot injuries, given the presence of sharp
objects in the beach. Therefore, maintaining the present scheduling scheme this
activity can occur in all three areas.
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Playing. This activity is highly incompatible with the rest of the activities of the
visitors. It can occur on the beach, utilizing marked areas for play in zone 1
Monumental. Playing with balls, bats stick etc. should be avoided when near
groups of people. Playing baseball will be prohibited, given the limited space of
the beach and the high probability of injury of bystanders. The game is
permitted in zones 1 and 3.
Fishing. This activity depends upon many characteristics, like illumination and
tide, for which is mostly performed during the morning and evening hours. The
areas recommended for this activity are the 50 meters south of the MexicoUnited States border in zone 1 (Monumental) and the rocky area of zone 2
(Coral Beach). It is imperative that fishing should not be done near swimmers.
Swimming. It is important that swimmers be aware and respect the instructions
of lifeguards. Constant supervision of small children by adults is recommended.
It is advised that swimmers use the proper swimwear, swimming with denim or
similar fabric can be difficult and is not recommended. Zone 1 “Monumental”
and Zone 3 “Costa de Oro” are the areas designated for this recreational activity.
Eating/drinking. A great number of visitors bring food along with them. The use
of glass and containers is prohibited on the beach. The trash must be placed in
trash cans. Hot coals should be extinguished with ocean water and placed in
trash cans. The recommended sites for these activities are zone 1 and 3.
Vehicles. The use of motorcycles is prohibited on the beach. The use of bicycles
on the boardwalk is prohibited as well any other non-official vehicles.
Conclusions
It may seem that the above recommendations are trivial in nature. However, it is
important to take into account that the demand placed upon the beach of Tijuana
is intense. Furthermore, the socio-economic characteristics of the visitors and
the lack of coherent governmental management of the area leads to social and
environmental vulnerability. Through the implementation of these simple
recommendations, it could be possible to generate a common space for the three
levels of government related with this beach.
Finally, the social dynamics of the city of Tijuana, in particular its large
immigrant population requires the creation of recreational facilities necessary to
fulfill the needs of the population. The role of government involvement and
leadership is required to avoid and mitigate social tensions arising from the
definition of administrative jurisdictions.
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ABSTRACT

PROTECTING CANADA'S AQUATIC ENVIRONMENT
GREEN BOAT PROGRAM
Marc Pakenham
Community Advisor, Fisheries and Oceans Canada

Recreational boaters are environmentalists, whether they know it or not.
Activities on the water are often driven by aesthetics and the enjoyment of
nature. As the boating public becomes more informed about their impact on the
aquatic environment, the more likely it becomes that they will modify their
behavior in a positive way, making good decisions for the right reasons.
The Department of Fisheries and Oceans - Coast Guard has "protecting the
aquatic environment" as one of its primary missions. The Green Boat Program is
a new, multi-faceted initiative to educate recreational boaters and small fishing
vessel operators about reducing their impact on the aquatic environment. The
Green Boat Program is a composite of public education initiatives, Green Boat
kits, Green Boat checks and regulations all based on partnership principles.
At the very centre of the Canadian Coast Guard's approach is the belief that
protecting the aquatic environment is a shared responsibility. The fulfillment of
the partnership process occurs when each boater becomes a steward of the
environment; feeling a personal responsibility and taking individual action to
improve the aquatic environment.
Faced with reduced resources and increased demands, the Canadian Coast
Guard - Green Boat Program uses existing resources well, and coordinates
effective working partnerships with the boating community. A recipe for success
and cleaner environment? It's looking better all the time.

Marc Pakenham
Community Advisor
Fisheries and Oceans Canada
25 Huron St.
Victoria B.C. CANADA V8V 4V9
telephone: 250-480-2794
fax: 250-480-2793
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STUDIES ON THE DISTRIBUTION CHARACTERISTICS OF THE
LITTER LEFT IN SUMMER SWIMMING AREAS: A CASE STUDY IN
THE KATANO SUMMER SWIMMING AREA IN JAPAN
Asami Shikida, Faculty of Environmental Systems Engineering, Kanazawa
Institute of Technology, Japan
Abstract
There are about 1,400 summer swimming areas in Japan. Every year, over 23
million people bath in these swimming areas. It is the most popular form of
non-consumptive summer recreational activity in the coastal zone. However,
litter left by recreational visitors cause serious environmental damage, both
visual and physical. It forces the local community to clean up beaches
repeatedly. It is also a visual pollution for visitors. This study aims to
describe the distribution characteristics of the litter on the beach in order to
limit the pollution and alleviate the clean up cost. Observations were carried
out in the Katano swimming area in Ishikawa, Japan, in the summer of 1989.
The results show that the distribution pattern is characterized by differences in
the type of litter. The litter was distributed unevenly along the beach. The
cigarette butts, for example, are likely to follow a normal distribution with
µ=11.7m, s.d.=5.0m (χ2=3.998, p>0.05, d.f.=2, from Kolmogorov-Smirnov
test). Conclusions obtained from this study include suggestions regarding
effective measures to decrease the amount of litter and more efficient litter
recovery methods.
Introduction
Sea bathing is the most popular form of coastal recreation in the summer
season in Japan. Over 23 million people visit coastal zones for the purpose of
sea bathing with family and friends from July to August (Leisure Development
Center, 1998). However, after utilization by sea bathers, beaches are covered
with large quantities of litter. This littering degrades the scenic beauty of
beaches, and has adverse effects on the users
In Japan, 47% of the nation’s population lives in municipalities by the
coastline and the population density of these regions is 1.5 times higher than
the national average (Someya, 1995). The coastal zone is the most familiar
natural setting for many Japanese people. Therefore, the frequency of visits of
the coastal zones for coastal recreation such as sea bathing can be high. For
example, sea bathing, surfing, recreational fishing, scuba diving, yachts and
pleasure boating, attract a lot of Japanese.
Among these activities,
recreational fishing and sea bathing are the most popular. According to the
Prime Minister's Office, 88.8% of all users who visited the coastal zone in
1995 came for sea bathing (Prime Minister’s Office, 1995). There are
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approximately 1,400 summer sea bathing coasts in Japan, hosting from 300 to
3 million visitors per day for the most popular locations (Kumagaya, 1988).
The origin of sea bathing goes back to about 100 years ago, when hot-spring
cure came to fashion. Sea bathing became increasingly popular in the late
1950's, and since, has become a nationwide popular summer recreation.
Along with the prevalence of sea bathing, the amount of litter left in summer
swimming areas has been increasing mainly due to the lack of interest for
visual esthetic and because of inadequate public sprit. At the same time, the
evermore-popular private automobile brings visitors to the summer swimming
areas who, in turn, bring more materials and foods for their enjoyment. All
these factors combine to increased littering on the beaches.
Litter on the beach is a public nuisance. Firstly, it decreases the esthetic
beauty of the beach. Secondly, it may be a cause of injury for sea bathers who
often walk barefoot on the beach. Thirdly, it may contribute to sea pollution
and animal endangerment as marine creatures, such as sea turtles, may prey on
and drag it into the open sea. Fourthly, it puts additional strain on the local
people, who are forced to pay the cost of cleaning the beaches by participating
in clean-up activities. Therefore, effective measures to decrease or recover the
litter left on the beach are needed.
The litter problem has been getting a lot of attention recently in Japan, as the
amount of litter present on beaches is considerable. In response to this
problem, clean-up activities are carried out on the coasts throughout Japan
every year. Although there have been several reports regarding beach
littering, there have been few research studies on litter found in summer
swimming areas. This study examines the situation in summer swimming
areas by obtaining information on the litter distribution patterns. This
information is believed to be useful for devising efficient beach cleaning
procedures.
Method
This study was carried out at Katano beach in Kaga City, located in the
southern part of the Ishikawa Prefecture in Japan. This particular beach is
visited by more than 30 thousand visitors during the summer every year. The
area of survey was set near the beach entrance (there is only one entrance to
the beach) because the population density is typically higher there. The exact
survey area was a 100m by 30m rectangle. The area was divided into 3,000
1m square quadrates in order to investigate the exact location of the litter
(Figure 1.).
The survey was carried out from July 29th to August 11th, 1998 but was put on
hold on the 3rd and 7th of August because of rough weather. The exact location
and the amount of litter were recorded every evening after the number of
119

remaining visitors dropped to fewer than 10. The types of litter were
classified as shown in Table 1. In the survey, stranded litter and natural
materials left on the beach were excluded. After the survey, the litter that was
counted was removed in order not to affect the survey of the following day.
The number of visitors per hour was also monitored during the survey.

Sea

Coastline↓

Beach
Figure 1. The study area at Katano beach

Types of litters
Paper, cloth
Plastics
Metal
Glassware
Fireworks
Cigarette butts
Nylon and others
Table 1. Litter classification

Results
The amount of litter found on the beach each day is shown in Figure 2.
Littering was more of a problem on weekends. It decreased on the 4th of
August when the weather conditions were rough. There is no correlation
between the amount of litter and the number of visitors per day except for
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metal products (r=0.80). The total number of littered pieces recorded during
the survey was 738. Cigarette butts and fireworks counted for 42% and 18%,
respectively, of the total amount.
In order to show the pattern of dispersion, Variance Mean Ratio (VMR) was
employed. If VMR>1, it is a uniform distribution, if VMR<1, it is an
aggregated distribution, and if VMR=1, it is a random distribution. The VMR
value was small and stayed close to 1.0 except for paper and cloth (4.22 on
August 10) and metals (5.43 on August 11). This result indicates that the
distribution of litter is not uniform but random or aggregated. Especially,
paper, cloth, and metal follow an aggregate distribution.
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Figure 2. Daily changes in amount of litters
In order to describe the pattern of litter distribution, the number of pieces of
litter from the coastline was determined. Figure 3 shows this data during the
study period. The number of pieces of litter was high and constant from 0m to
16m from the water line. It decreased steadily thereafter as the distance from
the coastline increased. This result suggests that visitors were distributed in
the first 16m from sea line.
It is also important to consider the distribution of litter by items because each
type of litter may have a unique distribution pattern based on the kind of
activity it is linked to. Cigarette butts, plastic, and nylon litter were analyzed.
The abundance of cigarette butts is demonstrated in Figure 4. They were
mainly distributed from 7m to 19m from the sea line. Their distribution is
most likely normal with µ=11.7m, s.d.=5.0m (χ2=3.998, p>0.05, d.f.=2, from
Kolmogorov -Smirnov test). Plastic and nylon litter was mostly found at
about 10m from the coastline. The fireworks were found in higher numbers at
16m and near 24m.
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Figure 3. The relationship between the number of litters and the
distance from the coastline
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Figure 4. the relationship between the number of cigarette butts
and the distance from the coastline
It is possible to express the relationship between distance from the coastline
and the number of pieces of litter as follows.
Y = -6.8638Ln(x) + 23.781 (r=0.86)
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Where Y =number of nylon pieces, x=distance from the coastline
Y= -6.6494Ln(x) + 22.581 (r=0.82)
Where Y =number of nylon pieces, x=distance from the coastline
Abundant distributions of these items were found around the coastline. It is
because the visitors used food containers, pet bottles and plastic toys (e.g.
buoys) during their bathing and resting on the beach close to the water line.
On the contrary, cigarette butts were not found close to the sea. It is
speculated that the main reason for this phenomenon is that the smokers prefer
to stay away from the foreshore in order not to wet their cigarettes. Moreover,
smoking visitors are likely to stay away from the foreshore because they prefer
to sun bath rather than swim. The same can be observed with fireworks.
Relatively few fireworks were counted on the foreshore. They were mainly
found at 16m and 24m from the coastline. The visitors using fireworks at
night stay away from the coastline because their activity is not directly linked
with the presence of the sea.
Discussion
This article discusses the distribution pattern of beach litter in a summer
swimming area. The results show that the concentration of litter was higher in
the first 16m from the water line where visitors typically go for swimming.
Unique distribution patterns for the different kinds of litter found on the beach
were identified. For example, cigarette butts were mostly found from 7m to
19m from the water line and their distribution followed a normal distribution
with µ=11.7m and s.d.=5.0m. Differences in distribution patterns are believed
to be due to differences in visitors’ behavior. The litter is an indication of the
visitors’ behavior on the beach. For example, smoking visitors prefer to stay
away from the wet foreshore.
The results can be used for improving beach quality through more effective
beach cleaning procedures. For example, by collecting cigarette butts found 7
to 17m (12m ± 5m) from the coastline, 70% of the cigarette butts can be
efficiently recovered with minimum effort. This method can decrease the
cost of recovery and cleaning, otherwise labor intensive and time consuming.
At the same time, announcements that encourage people not to smoke or not to
throwaway cigarette butts, targeted towards the visitors staying away from the
water line, can be useful. These limited announcements are not noisy and will
not damage the perception of other visitors.
According to an investigation on international beach clean up, the cigarette
butt is classified as the top item, consisting of 18% of the total litter collected
between 1988 and 1997 (Japan Environmental Action Network, 1999). The
proportion of cigarette butts in this study was 42% which is approximately two
times more than the proportion of cigarette butts found on the beaches during
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beach cleaning activities. It is considered that visitors smoking on the beach
affect the increase in the number. Thus the reduction of disposed cigarette
butts caused by visitors are crucial solution to decrease beach litter in the
swimming area.
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THE 113 CALHOUN ST. PROJECT:
MAKING HOMES MORE RESISTANT TO FLOOD, WIND AND
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Abstract
113 Calhoun Street: A Center for Sustainable Living is a public/private
partnership focused on minimizing threats to public health and safety from
natural hazards, and encouraging the conservation of natural resources. The
project serves as a link between the research lab and the community, bringing
science-based solutions to hazard loss reduction in residential structures. We
address flood, wind, and earthquake hazards through both structural and nonstructural retrofit techniques including a seismically resistant foundation; flood
proofing; improved roof attachment; and a range of window protection
alternatives, such as storm shutters and impact resistant glass. Audiences for
this information include building design and construction professionals,
technical and vocational educators and students, building officials, insurers,
lenders, and homeowners.
Background
113 Calhoun Street: A Center for Sustainable Living is a public/private
partnership focused on minimizing threats to public health and safety from
natural hazards, and encouraging the conservation of natural resources. The
Center’s overall mission will be accomplished by low-cost tools and techniques,
educational activities, and technical assistance programs in three areas:
(1) Natural Hazard Mitigation strategies to minimize loss of life and property
from the flood, wind, and earthquake events;
(2) Sustainable Building Practices involving energy and water conservation,
sustainable landscaping, recycled and sustainable building materials, and
construction waste reduction and recycling; and
(3) Sustainable Living, including household hazardous waste management,
home pest control, indoor air and water quality, and recycling.
This paper will focus on (1) Natural Hazard Mitigation strategies.
The Center is located in a former residence in historic Charleston, South
Carolina (Figure 1), now completely renovated and open to the public.
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113 Calhoun

Figure 1. Location of 113 Calhoun Street in historic Charleston
The structure at 113 Calhoun is built in the traditional “Charleston single house”
style. While the original “single house” design has a door that leads onto the
porch, or piazza, 113 Calhoun’s design is a typical variation with a door leading
directly into the house (Figure 2). The house, constructed between 1875 and
1880, is located within the boundaries of Charleston’s historic district. The
Charleston Board of Architectural Review (BAR) must approve any renovation
of the structures within the district. The building suffered extensive roof
damage during Hurricane Hugo, and was in extreme disrepair when the City of
Charleston donated it at the Center for Sustainable Living project’s inception.
A design team – consisting of an architect, consulting engineers, research
engineers, and a general contractor – planned and managed the building’s
retrofit. They chose solutions and materials using consensus agreement – a
unique approach in a field where the architect often designs the project, the
engineer specifies technical details, and the builder executes the plan. This
cooperation facilitated a very practical design that met engineering
specifications as well as architectural requirements in the historic district.
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Floor Plan

Calhoun Street

Figure 2. Floor plan and site plan of 113 Calhoun Street.
After Willis , 1997.

Retrofit Design and Renovation
Natural disaster threats in Charleston include flooding, hurricanes, and
earthquakes. The city lies on a peninsula at the confluence of two large rivers
and the Atlantic Ocean (see Figure 1). Much of the city rests on filled
marshlands, and low-lying areas flood regularly during spring tides or heavy
rain. Charleston’s hurricane history is rich – the first documented storm struck
the area in 1688 (Sparks, 1991), and the most recent, Hurricane Hugo in 1989,
caused over $5 billion in damage to North and South Carolina. Close to $250
million of that figure represented damage to documented historical buildings
(Nelson, 1991). In 1886, a Richter magnitude 7.6 earthquake shook Charleston,
toppling unreinforced masonry buildings and chimneys throughout the area.
Minor seismic activity continues to this day (Earthquake Education Center,
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2000). A 1999 mapping effort by Risk Management Solutions (RMS), an
international catastrophe modeling firm, lists Charleston and San Francisco at
comparable levels of risk on a “Risk Thermometer,” measuring hurricane,
earthquake, tornado, and hail threats (RMS, 2000). A summary of major natural
disasters in the Charleston area is shown in Figure 3.

Figure 3. Timeline of Charleston’s hazards history. The most recent event
of note was hurricane Hugo in 1989. After W illis, 1997.

Faced with these hazards, the 113 Calhoun Street team developed a plan to
retrofit the building. Willis (1997), a team member, used the process as a case
study to develop a more general method of structural analysis and retrofit for
historic buildings.
First, the building was inspected thoroughly.
A
comprehensive structural analysis helped identify priorities for retrofit, and
finally, the team executed a retrofit design (see Figure 4).
Lessons learned during the process can be summarized as follows (Willis,
1997):
•
Retrofit is subjective: calculations do not tell the whole story and
the numbers must be placed in the proper context;
•
Often, significant benefit can be realized even if the retrofit
structure is not brought into full code compliance; and
•
A single retrofit solution does not exist.
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Inspection

Determine dimensions,
framing member sizes,
connections, material types
& condition

Structural
Assessment

Determine material
properties and design loads:
wind, water, seismic,
gravity

Identify
“weak links”

Design
Retrofit

Determine areas most in
need of strengthening: for
113 Calhoun, roof work
and building envelope
protection

Framing reinforcement, elevate
building & rebuild foundation, reroof, add shearwalls, window
protection, floodproofing,
strengthen chimney

Figure 4. The retrofit methodology used for 113 Calhoun Street. For details on the process and retrofit design, see
Willis, 1997.
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The project’s construction phase is now complete. Figure 5 shows 113 Calhoun
Street before and after renovation.

Figure 5. (a) 113 Calhoun in 1995, and (b) now.
Structural and interior retrofit and renovation
are complete and the building is ready to
function as a demonstration site and laboratory.
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Education Programs and Partnerships
The 113 Calhoun Street Center is the focal point of a coordinated program of
hazards-related education, demonstration, and technology transfer. It serves as
the primary channel for the dissemination of research results from Sea Grantsupported and other research on hazard resistant construction. Educational
programs for diverse user groups such as design professionals, the building
industry, local building officials, and homeowners are currently under
development – and implementation is ongoing.
The Center is already playing a role in local, regional, and national hazard
mitigation education.
•
In 1999, 113 Calhoun Street became a local Project Impact partner, serving
as an important educational element in local mitigation programs, including
both the State of South Carolina’s and City of Charleston’s Flood
Mitigation education plans. Staff working with the Center are also
participating in the NeighborWorks Homeownership Center’s program to
retrofit homes in four low-income neighborhoods in Charleston and North
Charleston for greater resistance to high winds. Training programs for local
Habitat for Humanity affiliates are planned for late July 2000.
•
Statewide training for Clemson Extension housing agents, building
professionals, and code enforcement officials took place in May 2000, and a
statewide course for real estate agents is planned for 2001.
•
Regionally, the Center has recently hosted groups from the New York State
Emergency Management Office and Long Island Project Impact, who are
considering building their own retrofit model home, and from
representatives from several southeastern states’ energy offices, who plan
outreach projects for their communities.
•
On the national level, the CBS Morning News featured the Center, as did
Bob Vila’s “Home Again” program on The Learning Channel, describing to
viewers how homes can be made more resistant to wind, flood and
earthquake hazards.
•
In 1998, the 113 Calhoun Street Foundation received the John R. Shaeffer
Award for “Excellence in Flood Proofing” from the Association of State
Flood Plain Managers, the national organization of flood management
professionals.
Conclusions
The Center at 113 Calhoun Street is a resource not only for South Carolina, but
is also a source of information for hazard mitigation experts nationwide.
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Communities with historic resources, especially those with hurricane risk, can
look to the Center’s work and formulate their plans for preserving historic
properties. Homeowners planning to build in coastal areas can also find
information and resources that detail recommendations for new construction.
The Web site, <www.113calhoun.org>, reaches homeowners and building
professionals throughout the country.
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Inc.; Shutter Systems, Inc.; Simmons Irrigation Supply, Inc.; Simpson StrongTie, Inc.; Solutia, Inc.; S.C. Association for Hazard Mitigation; S.C. Energy
Office; S.C. Farm Bureau Insurance Companies; State Farm Fire and Casualty
Company; Terminix, Inc.; Unicon Concrete; Vista Doors and Windows / Kolbe
& Kolbe; Weather Guard Hurricane Protection, Inc.; and Windward Hurricane
Shutters.
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ALTERNATIVES TO BULKHEADS IN THE PUGET SOUND REGION:
WHAT IS SOFT SHORE PROTECTION? WHAT IS NOT?
Jim Johannessen MS, Coastal Geologic Services, Inc.

Introduction
Beach erosion and improper development along the shore have been the norm in
Puget Sound and the Northwest Straits. Traditional “hard” bulkheading
(seawalls) has been the usual response to this situation until very recently, when
“soft shore protection” alternatives have been encouraged by regulators and
well-informed citizens. Soft shore protection (SSP) projects rebuild the high-tide
beach to provide protection of property and homes and increase coastal
sediment supply, the foundation of our sediment-starved coastal systems. Soft
shore protection in the Puget Sound region has typically entailed the use of
indigenous materials such as gravel, sand, logs, and root masses to absorb wave
energy. Wolf Bauer designed many SSP projects since the 1970s, with many
Seattle Park projects and numerous constructed beaches in Puget Sound and
British Columbia. These projects usually consisted of large gravel beach
nourishment projects that were not monitored and remain very poorly
documented.
A key factor that defines soft shore protection is designed flexibility, in order to
mimic natural processes. For example, an enhanced gravel berm provides
protection against storm waves due to the ability of a gravel berm to reshape
itself in a way to dissipate wave energy. Incoming wave water is absorbed by a
gravel berm, which then percolates out gradually. This is in direct contrast to a
solid bulkhead. Although quantitative research on the impacts of “hard
structures” on beaches is scarce, bulkheads have been shown to reflect waves
without dissipating wave energy, and causing beach scour and focusing wave
energy and erosion onto adjacent beach and backshore areas (Macdonald, et al.
1994). Bulkheads also cause a number of cumulative negative impacts to coastal
systems (Pilkey 1988) including sediment “starvation”, loss of beach area,
sediment size increase, and loss of bluff and backshore vegetation. These
physical changes to beach systems often result in increased erosion rates,
increased incidence of coastal flooding, and the perpetuation of bulkheading as
the all too common “domino effect” occurs along our shores. For example, recent
studies documented that extensive shoreline modification has occurred along
local shores (Table 1).
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Table 1. Percent of upper beach shore with extensive modification (primarily
bulkheaded).
Area
E Main Basin of Puget Sound
Skagit County (N Puget Sound)
Whidbey Island

Amount of Shore Extensively Modified
79 %
34 %
22 %

Nearshore Habitat Issues
“Traditional” bulkheads have been shown to lead to tremendous degradation of
beach and nearshore habitat across the region (Thom et al. 1994). The cumulative
negative impacts of bulkheads on nearshore and backshore areas in the Puget
Sound region is only beginning to be understood. Impacts to habitat used by
pacific salmon, forage fish (important salmon food sources), and other organisms
are now being investigated. Negative ecological impacts on Puget Sound area
nearshore habitats due to site specific and cumulative impacts of bulkheading
include reduction of the following habitat features:
♦ Surf smelt and sand lance (forage fish) habitat
♦ Overhanging vegetation (shade, cover)
♦ Large woody debris (LWD)
♦ Fine sediment for hardshell clams
♦ Migratory corridor for salmon
♦ Eelgrass beds (likely)
♦ Amount of epibenthic prey items
Resource managers were unable to significantly slow bulkheading under current
state laws prior to the listing of Puget Sound Chinook salmon and Hood Canal
summer chum salmon under the Endangered Species Act. There has recently
been a dramatic increase in attention given to SSP methods as alternatives to
marine bulkheads for nearshore & estuarine habitat/ESA reasons. The
construction of SSP projects has recently provided a welcome alternative to the
escalation of bulkheading. SSP is now required by WA Department of Fish and
Wildlife and other agencies/jurisdictions at many sites in lieu of bulkheads, and
recommended by almost all agencies/jurisdictions. Yet a commonly accepted
definition of SSP does not exist.
What is Soft Shore Protection?
Soft shore protection projects designed by Coastal Geologic Services Inc. have
ranged from large beach restoration efforts to enhancement of a gravel, log, and
native plant berm fronting single-family residences. The project selection and
design process has been key to project success. SSP designs should always be
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based on a system-wide (drift cell) assessment of “natural” and current
conditions. Determination of the erosion rate, identification of the causes of
erosion, and evaluation of wave energy are critical for determining feasibility of
SSP suitability. An examination of alternatives for a particular site is also a key
element needed prior to continuing with a conceptual design approach. Some
sites are not well suited for SSP, such as sites that have very high wave energy
or a lack of upper intertidal area. In other sites, moving houses away from the
shore is feasible and is the best long-term solution. For sites where SSP is
determined feasible, projects are typically designed to “undo” some of the
damage caused by shoreline modification within a drift cell such as bulkheading,
shoreline fill, construction of marinas, or gravel mining. SSP projects often have a
long term maintenance element. For example there may be a need for the addition
of gravel (much less material that the original amount) on a 5-15 year cycle, for a
gravel berm project.
Smaller SSP projects have included rebuilding the upper beach to provide
protection of homes. Many projects have included large logs as a structural
element, often anchored in place into the berm with a certain amount of flexibility
provided by the anchoring system. Almost all projects have included
introduction or enhancement of native shoreline vegetation into the berm top
and backshore area for increased stability and aesthetic value. Some projects
have included mitigation features designed to recreate or preserve degraded surf
smelt spawning habitat.
One small SSP project was a protective berm in front of a single-family residence
in eastern Jefferson County. The property was a very confined parcel that
included a small stream mouth immediately adjacent to the house. The property
also contained an illegal fill of a portion of the tidelands and a poorly constructed
rock bulkhead. The stream contained spawning coho salmon that was the result
of local stream restoration efforts. However, the unstable rock and fill area
threatened to topple into the now confined stream mouth and block the upstream
migration of coho. An application for a vertical concrete bulkhead had been
denied by resource managers and as assessment of the suitability of a SSP
approach was conducted by Coastal Geologic Services Inc. The completed
design detailed a generally 15-ft wide coarse gravel berm landward of the MHHW
line. The design included 2 very large anchored logs and several 3-foot diameter
rocks for stability at a small “point”. The backshore and stream mouth area was
enhanced with native dune grass, large and small woody debris.
SSP projects usually enhance fish habitat (or are neutral) while preserving or
restoring the natural functions of the shore. The most important function on a
cumulative basis is maintaining the integrity of net shore-drift or littoral drift.
This is a specific goal of every Shoreline Management Program in the region but
it is often overlooked when specific bulkhead applications are reviewed. Gravel
nourishment has the extra benefit of gradually increasing coastal sediment
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supply, which is a critical factor for our increasingly sediment-starved beaches.
Many SSP offer dramatic habitat benefits over any type “traditional” structure.
Logs and root masses offer increased shoreline complexity, cover, and the
introduction of organic material into the nearshore system. Enhanced (and
preserved) backshore and bluff vegetation offer increased wildlife habitat, shade,
large and small woody debris production, and aesthetic value.
Examples of Soft Shore Protection Projects
A large SSP project outlined in the oral presentation was restoration of a
degraded 900-foot-long beach on Blakely Island in San Juan County, NW
Washington. Coastal Geologic Services designed the beach restoration project at
Driftwood Beach on Blakely Island in 1998. The project was designed and
constructed for the Blakely Island Maintenance Commission, which is the
community group composed of the majority of island property owners. Local
residents first became aware of SSP through a free workshop on coastal land
stewardship (sponsored by the Puget Sound Action Team and conducted by
Coastal Geologic Services Inc.) on nearby Lopez Island. Following informal
community education and a feasibility study, a SSP approach was chosen over
constructing a large rock revetment for Driftwood Beach.
Driftwood Beach is located on the NE shore of Blakely Island and is the largest
beach on the island. The project was designed to greatly slow chronic beach
erosion and property damage that had been occurring since gravel mining took
place in the 1960’s. Erosion of the degraded beach accelerated between 1996 and
1998. The community was growing very concerned as erosion was removing their
narrow upland property that is their only beach access.
The Blakely Island beach restoration project was designed by Jim Johannessen
MS of Coastal Geologic Services Inc. and was constructed in February and early
March of 1999. The design had 3 goals:
1. Protect the small community owned upland area from further erosion caused
by previous gravel mining.
2. Restore the beachface and backshore to a natural condition. This included
removing fill and debris, and planting a native plant community in the
backshore area.
3. Avoid waterward migration of coarse gravel and impacts to nearshore
habitats including macro algae and eelgrass beds.
The Driftwood Beach design included a protective gravel berm waterward of
narrow upland access area. The project length was 600 ft within a 900-ft beach.
To avoid impacting the macro algae and eelgrass beds, the design included
pulling the artificial upland boundary landward by removing fill and debris,
moving the road/path landward, establishing stable beach slopes, and the use of
coarse gravel for the protective berm. Soil fill and debris was first removed from
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the upper berm and backshore area. The imported gravel consisted of 1,600 cy
(cubic yards) of washed, rounded gravel with a size range of ¾to 4 inch. A barge
equipped with a high capacity conveyor offloaded gravel directly to the upper
beach (at high tide) without grounding. Gravel was spread to a uniform slope on
the beach face that extended up to at +12.0 ft MLLW to mimic a historic high
storm berm crest. Berm gravel feathered into the preexisting lower beach (at +3.5
to +4.0 ft MLLW).
Gravel offloading to build the protective berm was only half-complete at the time
of a strong SE windstorm on March 3, 1999. Wind waves were approximately 3-4
ft at the beach on that morning and a substantial storm surge occurred
simultaneously. Preliminary measured water level data revealed the storm surge
on March 3 was 2.35 feet above MHHW. The unusually high tide roughly
coincided with the period of maximum winds. This storm event caused
considerable erosion to many beaches around the region. The completed half of
the new gravel berm was stable on March 3 while the unprotected low bank in
the northern half of the project area underwent significant erosion and scarping.
In addition, a silty plume was visible originating from the northern portion of the
beach from the bank erosion indicating transport of the eroded material. Creation
of the 600-ft-long enhanced berm area was achieved in the first year.
Beach monitoring was required by all of the resource agencies that issued
permits for the Blakely Island project. This included the US Army Corps of
Engineers, WA Dept. of Fish and Wildlife, WA Dept. of Ecology, and San Juan
County (Johannessen 1998). Baseline beach conditions in the project area were
quantified through surveying performed in January 1998. Beach profiling was
conducted in May 1999 to document beach conditions going into summer
following several months of initial gravel adjustment. Visual observations and
limited measurements indicated that beach adjustment had not occurred at
detectable amounts following the completion of the project in March. Beach
profiling documented that the project was constructed very close to design and
that the berm provided substantial protection from storm wave damage. The new
berm augmented the resiliency of the berm that was previously depleted by
gravel mining and accomplished the first project goal of protecting the small
community-owned upland area without losing the natural aesthetic value of the
area.
The second goal (to restore the beach and backshore to a natural condition) was
achieved by moving the artificial upland boundary landward through removal of
fill and debris, moving the road/path landward, and establishing a native plant
community in the backshore area. Clean coarse sand was brought into the
backshore area and then locally collected native plants and seeds were planted.
Community plantings occurred in the spring and summer of 1999, including the
participation of more than 50 community members that volunteered their time on
the 4th of July. As of April 2000, the backshore planting area was thriving.
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Species used included shore pine, native dune grass, and a variety of native
shrubs and herbaceous plants.
Profiles at Blakely Island revealed that the beachface below +1 ft MLLW did not
experience any sedimentation since pre-project and that macro algae and eelgrass
were still present at the same elevations as pre-project. Therefore, the third goal
(avoid waterward migration of coarse gravel and impacts to nearshore macro
algae and eelgrass) was met. A second brief site visit was conducted in August
1999 to check for changes to the beach since May. Field measurements revealed
that the beach had not changed noticeably. One profile was measured and the
plot shows that the only profile change was the addition of sand in the
backshore. Annual monitoring will continue through 2003.
What is Not Soft Shore Protection?
Soft shore protection as described in the examples presented in this paper should
be compared to recent projects that have been termed “soft” when in fact there
was very little about the projects that is soft. Several examples are outlined in the
oral presentation. A common theme to many of these projects misnamed “soft” is
a rock revetment that is covered with a “softer” material such as pea gravel or
sand. Such projects may or may not include logs. These projects often
experience rapid loss of the cover and end up as a revetment several feet
landward or lower than it may have otherwise been located, had it not been
termed “soft”. In several cases, substantial rock revetments that were completely
covered with sand were permitted as a “berm”.
One recent project termed “soft bank shoreline” was constructed at the Tides Inn
Motel in Port Townsend. Two new hotel buildings were permitted for
construction that were setback only 15 ft from the ordinary high water mark
(OHWM) at a moderate wave energy site. The shoreline project involved
removing portions of the existing riprap revetment and replacing it with a smaller
amount of riprap at 4H:1V and 2H:1V slopes. The rock was then covered with
coarse sand-pea gravel mix that was to be planted with native dunegrass. The
project was constructed to specification. However the “soft” part of the project
was no more than a façade over a revetment and was designed unrealistically,
apparently without an understanding of coastal processes at the site. The “soft”
features were washed away less than a month after completion. The rock
revetment was also failing and the new trail was disappearing due to wave attack.
This was a case where 1) the project was misidentified and never was “soft” and
2) the project was inappropriate for the site. Additionally, the fact that the project
was perceived as “soft bank” apparently was a key reason that the ill-advised
building location was approved.
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Defining Qualities of Soft Shore Protection
Based on analysis of a large number of shore protection and restoration projects,
the following defining qualities for a SSP project are forwarded:
1. Project form and function are based on natural coastal processes
2. Flexibility is designed into the components
3. More stable natural elements may be enhanced without resorting to the use
of hard, absolute barriers
4. Natural materials are used including rounded gravel, sand, logs, root masses,
individual rocks, and native vegetation
5. Designs do not rely on cross-shore structures such as drift sills unless
absolutely necessary
6. Designs are site specific and cannot be used in areas other than they were
intended for
Research Needs
While SSP projects have shown excellent performance to date, most have been
poorly documented. This trend is slowly being reversed. Coastal Geologic
Services Inc. has conducted semi annual or annual quantitative monitoring at 6
SSP beach areas for 2-4 years. This has involved precision surveying of key
beach features, sediment sampling, and cursory level analysis. Other large
projects have some amount of monitoring data. However, these data were
generally collected only to satisfy permit requirements and have not been
analyzed comprehensively or in great detail. Also, we do not have sufficient
long-term quantitative proof of project success yet. As coastal scientists we
have much to learn in developing proven methods and in documenting habitat
benefits for the emerging field of SSP. Resource managers and coastal
professionals receive inquiries daily for studies on SSP methods or design
questions. Despite the intuitive and partially quantified benefits of SSP, our
society is still bulkheading the Puget Sound shore at a moderate pace despite the
negative impacts. Regulations at the local, state, and federal levels are often
inconsistent with Endangered Species Act listings and need to be updated to
facilitate the conservation of fish habitat and ecosystem functions.
Rigorous assessment of SSP project performance including new physical and
ecological beach surveys at a number of old and newer projects is clearly
required. Studies would need to be conducted at a variety of project types and
wave energy levels. This would advance the science by revealing what has
worked well and what has not in different settings. A suggested study outline
includes the following elements:
1.
2.
3.

Develop SSP monitoring protocol
SSP project inventory and monitoring site selection
Integrated 3-5 year monitoring program
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Additionally, further research also needs to be conducted to quantify the
negative impacts of bulkheading on nearshore habitats. We cannot expect to
take the shortcut to “the solution” to minimizing damage to the nearshore
environment without first doing our homework. Rigorous assessment of physical
and ecological processes to quantify project performance needs to be completed
to bring the science to maturity.
Conclusions
Soft shore protection (SSP) is an essential element for the preservation and
restoration of our ecologically sensitive nearshore habitats in the Puget Sound
region. Alternatives to traditional bulkheading exist in the Puget Sound region
for protection of property that do not cause negative impacts to nearshore
habitats. SSP approaches offer great potential for restoration of degraded coastal
areas. The Driftwood Beach Blakely Island project outlined offers one example of
a successful SSP project that offered both erosion protection and beach
restoration. The project involved the undoing of 40 years of mismanagement of
the beach system and the rehabilitation of a stable gravel berm and a thriving
native plant backshore area. The Driftwood Beach project did not have the
negative impacts associated with a riprap revetment, which likely would have
been built prior to the SSP feasibility study. Smaller SSP projects have been
constructed as alternatives to bulkheads that have provided many benefits to
nearshore habitat when compared to “traditional” shore protection methods.
However, a number of projects are now misleadingly termed “soft” which are
nothing more than small incremental improvements over bulkheads. In other
cases, some projects fail due to unrealistic design expectations.
When properly designed, SSP preserves the littoral drift continuity and natural
coastal system functions. Direct benefits for Pacific salmon and general
ecosystem functioning can be obtained when SSP is pursued instead of
traditional bulkheads. A definition of SSP is forwarded in an attempt to allow for
a critical examination of current proposals. While SSP offers great promise in
managing our valuable nearshore resources, without a number of welldocumented examples (and outreach through public education) homeowners are
understandably reluctant to invest in soft shore protection. Regulatory methods
to check the proliferation of bulkheads need to be updated and implemented.
Now that many resource managers are requiring that SSP be used at specific sites
instead of bulkheading, an integrated assessment of the success of various SSP
methods tried to date and quantitative documentation of the impacts of
bulkheading on nearshore habitats is needed.
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SEA LEVEL RISE RESPONSE PLANNING
IN THE STATE OF MARYLAND
Zoë Pfahl Johnson, Maryland Department of Natural Resources

Historically, the average rate of sea level rise along Maryland’s coastline has been
3-4 mm/year or approximately one foot per century. It is unsettling for coastal
planners and property owners alike, that these rates are nearly twice those of the
global average, a result probably due to substantial land subsidence. Furthermore,
current scientific research shows that continued climate change will cause an
acceleration of sea level rise rates, resulting in a rise of two to three feet along
Maryland’s shores by the year 2100. As researchers have already begun detecting
impacts associated with sea level rise in the Chesapeake Bay, the threat of
significant change to coastal and nearshore environments is quickly becoming a
reality.
While the range and magnitude of sea level rise impact will vary along a particular
stretch of shoreline, it is generally agreed that the primary impacts of sea level rise
include coastal flooding, coastal erosion, wetland inundation and salt water
intrusion. These impacts pose a significant threat to the steep cliffs, wetlands and
marshes, tidal estuaries, and sandy beaches that comprise Maryland’s coastal
environment. Low-lying coastal plains and barrier islands, such as those located
along Maryland’s outer coast, its coastal bays, and the low-lying eastern shore are
all susceptible to erosion, flooding and inundation. Sea level rise also threatens to
exacerbate and prolong the process of erosion along the developed western rim of
the Chesapeake Bay. Perhaps most dramatic, however, is the inundation risk that
sea level rise poses to the low-lying islands and extensive marsh systems within the
Bay.
The vulnerability of any given coastal region to sea level rise varies according to a
number of factors including: the physical character of the coastline, population
growth and development patterns, and the sensitivity and adaptability of state and
local coastal management programs. Substantial research has been directed toward
analyzing the impact of rising sea levels in Maryland. The Chesapeake Bay,
Maryland’s coastal bays, and the Atlantic Coast have all been the focus of such
investigations. However, these studies have included only a moderate analysis of
response options. Additionally, there has been little subsequent effort to integrate
the studies or to advance toward the implementation of response strategies.
Recognizing the need for continued advance planning, Maryland’s Coastal Zone
Management Program began to develop a sea level rise response strategy in
October, 1998. The objectives of the planning process included:
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·
·
·
·

gaining a better understanding of sea level rise and its potential
impact along Maryland’s coastline,
determining Maryland’s current response capability,
increasing public awareness of sea level rise and coastal hazard
issues, and
enhancing Maryland’s ability to respond to sea level rise.

Sea level rise has been referred to as the “ultimate planning challenge.” While sea
level changes have played a historic role in shaping Maryland’s coastal
environment, understanding how to address the potential for significant, perhaps
incremental, change is a difficult task. This challenge is further complicated by the
broad spectrum of coastal issues and interests involved, as well as the inherent
uncertainty associated with projecting accelerated sea level rise.
Despite these challenges, coastal managers around the world have realized the need
to begin advance planning for sea level rise. Consequently, a great deal of research
has been published on the impact of sea level rise in the coastal environment, as
well as the socio-political aspects of sea level rise response. This research,
including that of several state coastal zone management programs (e.g., Maine and
Washington), outlines the mechanics and tools for sea level rise response planning
at the state and local level and provides excellent information for any entity
undertaking a similar planning process. Findings worth noting include:
·

State governments have the primary responsibility for
developing strategies to mitigate adverse impacts associated
with sea level rise (MLI, 1994).

·

Sea level rise response strategies should be directed toward
existing and on-going coastal management issues (Klarin et
al.,1990).

·

Focus on likely impacts, not merely the possible (MLI 1994).

·

In many cases, sea level rise vulnerability can be mitigated
by anticipatory planning at the state and local level (Pew,
2000).

·

Meaningful preparations can take place now, despite
scientific uncertainty, by building upon current research,
utilizing adaptive planning frameworks, and evaluating a range
of sea level rise scenarios (MLI, 1994).

Keeping these findings in mind, Maryland designed its planning framework around
three components: (1) a characterization of impacts, categorized according to
shoreline type and jurisdictional boundaries; (2) an analysis of management
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programs and initiatives directed toward resources and uses that were likely to be
impacted by sea level rise; and (3) an on-going public outreach campaign, comprised
of one-on-one interviews, issue forums, presentations, and workshops.
Impact Analysis
Maryland’s coastline, made up of the varied landscapes of the Chesapeake Bay, the
coastal bays, and the Atlantic Coast, is highly susceptible to rising sea levels.
Given the diversity of the coastline, the magnitude of impact will vary from region
to region according to physical site characteristics. Geology, topography,
bathymetry, fetch, surface/ground water condition, man-made features, and the
frequency and intensity of extreme events, all affect the degree of impact over time
at a given location. As a causal force, sea level rise influences on-going coastal
processes, thereby increasing the vulnerability of coastal areas already under
natural and human-induced stress. An impact analysis found that while Maryland
may be subject to the full range of sea level rise impacts, risks associated with
shoreline erosion, inundation/wetland submergence, and coastal flooding pose the
most significant threat.
Shoreline erosion. Erosion is one of the most significant problems facing
Maryland’s diverse coastal environment, today. Approximately 31 percent of
Maryland’s 4,360 mile coastline is currently experiencing some degree of erosion.
While the range and magnitude of erosion varies both within and among the State’s
physiographic regions, the problem affects all 16 coastal counties along the
Chesapeake Bay and the Coastal Bay watersheds. Studies estimate that Maryland
loses approximately 260 acres per year to shore erosion. Subsequently, shore
erosion poses a significant threat to property owners, the public, and the State’s
natural resources. Unfortunately sea level rise only amplifies erosion problems by
influencing and exacerbating on-going coastal processes, in turn making coastal
areas ever more vulnerable to both chronic (on-going) erosion and episodic events
(e.g., Nor’easters, tropical storms, hurricanes).
Inundation. Maryland’s coastal wetlands and marshes are particularly threatened
by rising sea levels. While erosion can damage the wetland edge, wetlands are
much more susceptible to inundation. Wetlands are at risk of permanent
submergence in systems where the vertical accretion rate is not equal to or greater
than that of the rising sea level. Man-made (e.g., bulkheads, roads) and natural (e.g.,
cliffs) barriers further exacerbate this threat by eliminating the potential for the marsh
system to migrate landward as sea level rises. Scientists at the University of
Maryland have been able to correlate trends in tidal wetland loss to observed sea
level rise in the Mid-Atlantic. Additional research continues to refine our
understanding of marsh survival in light of rising sea levels. This work includes
studies on land subsidence due to ground water withdrawal, the impact of nutria
and muskrat on marsh vegetation, and the affect of prescribed burning on marsh
accretion,
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Coastal Flooding. Low-lying coastal plains and barrier islands are significantly
susceptible to increased flooding due to sea level rise. Much like the coastal
processes that drive erosion, sea level rise influences coastal storm events by
extending storm surge and waves further inland, intensifying the impact of flooding
to homes, businesses, and roadways. Maryland’s coastline is susceptible to
impacts from Nor’easters, tropical storms, and hurricanes. While there is no
scientific proof that climate change will increase the probability of such events, it
is relatively clear that elevated sea levels will exacerbate the coastal flooding
associated with these storm events. Based on projections of relative sea level rise,
Maryland’s low-lying coastal plain and barrier islands are becoming increasingly
vulnerable.
Policy Analysis
Numerous federal, state, and local agencies, as well as multiple private and nonprofit organizations work to regulate, administer, and conduct activities in
Maryland’s coastal zone. Involvement among these organizations varies
significantly with respect to missions, mandates, and jurisdictional boundaries.
Furthering the complexity of coastal management in Maryland is the Coastal Zone
Management Program, which uses a networked approach to achieve its goals and
objectives. There is no central regulatory agency, rather the Program uses the
planning and regulatory programs of several state agencies and local governments.
State agency participation is ensured through an Executive Order and Memoranda
of Understanding between the Department of Natural Resources, lead agency for
implementing the state coastal program, and the Departments of Agriculture,
Environment, Housing and Community Development, Transportation, and the Office
of Planning. This complex and somewhat fragmented coastal management system
makes it difficult to assess the State’s ability to respond to sea level rise.
Therefore, the State conducted a policy analysis focused on programs and
directives that were related to resources and uses likely to be impacted by sea level
rise. The purpose of this exercise was to assess Maryland’s current ability to
respond and to identify avenues for enhanced planning. The study found that
although some sea level rise response is implicit within existing management
directives, the State lacks the institutional mechanism to respond adequately to sea
level rise in the long-term Opportunities to advance sea level rise response do exist
and, on an incremental basis, the State is beginning to incorporate sea level rise
planning principles into on-going coastal management efforts. Recent successes
include:
Maryland Coastal Bays National Estuary Program. The
following action items directing State and local jurisdictions to
work together to address sea level rise were incorporated into
the Comprehensive Conservation and Management Plan for the
Maryland Coastal Bay’s National Estuary Program:
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·
·

·
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Determine code changes necessary to address sea level
rise and erosion problems in Worcester County.
Incorporate sea level rise response strategies into
Worcester County planning efforts.
Amend local floodplain ordinances to require one foot
of freeboard above the 100 year floodplain base flood
elevation for development within the tidal floodplain.
Examine sea level rise and shoreline migration during the
development of small area management plans.
Investigate the use of “rolling easements” in other
jurisdictions that are highly susceptible to sea level rise
and investigate the feasibility of purchasing “rolling
easements.”

Chesapeake Bay Agreement, Year 2000. Maryland’s Coastal
and Watershed Resources Advisory Committee sponsored an
issue forum in May, 1999 on the impacts of climate change in the
Chesapeake Bay watershed. The purpose of the forum was to
promote informed dialogue on issues to be addressed in the
renewal of the Chesapeake Bay Agreement. Recommendations
were forwarded to the drafting committee and a commitment to
continue to evaluate the potential impact of climate change on
the Chesapeake Bay watershed, particularly its wetlands, is
contained in the December, 1999 draft agreement.
Although the State has achieved success by targeting on-going management
initiatives, the continued absence of a long-range vision for sea level rise response,
may ultimately compromise opportunities for planning and mitigation. Considering
the range of sea level rise impacts facing the State of Maryland and the multitude
of federal, state, and local policies and programs, it is apparent that in order to
successfully respond to sea level rise, the State must begin to address sea level rise
in a comprehensive manner.
Developing Maryland’s Sea Level Rise Response Strategy
Sea level rise response options often are placed into the categories of protection,
accommodation, and planned retreat. It has been Maryland’s experience that when
it comes to implementing sea level rise planning principles, it is not as simple as
categorizing and assessing variable response options. Developing a sea level rise
response strategy is tied much more to the intuitive process of finding a vehicle with
enough political support to launch the exercise of creating a long-range vision for
sea level rise response. The development of a Comprehensive Shore Erosion
Control Plan for the State of Maryland and the process of developing local hazard
mitigation plans are two such vehicles. Both efforts will work to engage the coastal
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community in the process of advance planning for sea level rise, but more
importantly they will promote the development of an holistic and integrated
response.
A Comprehensive Shore Erosion Control Plan
In response to citizen concerns over the State’s capacity to control shoreline
erosion, the Maryland General Assembly passed Resolution 13 during the 1999
legislative session requesting that the Governor establish a Shore Erosion Task
Force. The Task Force issued its final report in January, 2000, calling for the
development of a Comprehensive Shore Erosion Control Plan for the State of
Maryland.
The Task Force concluded that sea level rise was a significant factor contributing
to erosion in the State and that areas subject to shore erosion, sea level rise, and
environmental sensitivity should be analyzed for the purpose of prioritizing and
targeting shore protection activities at the regional level. The Task Force
recommended that prioritization be based on: magnitude of erosion, impact to public
and private infrastructure, environmental impact, and the potential impact of sea
level rise.
The State is pursuing the development of a predictive model to help identify areas
potentially vulnerable to sea level rise. High-resolution topographic data, in
combination with existing historical shoreline change data, will be used to project
future shoreline positions and zones of inundation along specific stretches of
shoreline. The predictive model will advance considerably our understanding of sea
level rise and provide important information for long-term decision making and
resource allocation for shore erosion control efforts.
A major component of the Comprehensive Plan will be the establishment of regional
shore erosion control strategies which reflect the prioritization scheme referenced
above. Regional strategies are the ideal mechanism to implement sea level rise
response options (i.e., protect, accommodate, and retreat). It is anticipated that
strategies will include the designation of non-structural and structural shore
protection areas, natural shore erosion areas, areas where erosion-based setbacks
should be implemented, and areas to target for land conservation. The designation
of such areas will significantly advance sea level rise response by creating a longrange vision for the management of issues associated with shoreline erosion and
tidal wetland loss.
Local Hazard Mitigation Plans
A risk analysis, recently conducted by the Maryland Emergency Management
Agency (MEMA), identified coastal flooding as a risk for ten of the State’s sixteen
coastal counties. In addition, eleven counties were characterized as storm surge risk
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zones. The completion of the risk assessment is the first step in the process of
developing state-wide and local hazard mitigation plans; a process currently
underway in the State of Maryland. The federal government requires state and local
jurisdictions to adopt hazard mitigation plans in order to be eligible for hazard
mitigation funding. While every coastal county has adopted a floodplain
management ordinance, which is a requirement for participation in the National
Flood Insurance Program, not every coastal county has adopted a hazard mitigation
plan. Additionally, most of the local plans that do exist are not comprehensive in
nature and many are out of date.
MEMA is currently working with local governments to develop and adopt hazard
mitigation plans in accordance with a new set of guidelines. These guidelines
recommend that the process of developing a hazard mitigation plan be locally based
and conducted by an inter-disciplinary hazard team, comprised of both citizens and
local governmental entities. The process of developing a hazard mitigation plan is
an excellent opportunity to enhance planning for the hazards associated with sea
level rise (e.g., coastal flooding, storm surge, and shore erosion) at the local level.
To promote consideration of sea level rise and other coastal hazard issues,
Maryland’s Department of Natural Resources is committed to participating on the
hazard mitigation teams of those coastal counties with a heightened risk of coastal
flooding and storm surge. Local hazard mitigation planning is perhaps the most
comprehensive method to implement mitigation measures to increase the sensitivity
of Maryland’s coastal zone to sea level rise.
Conclusion
The development of a sea level rise response strategy for Maryland is an evolving
process. A Comprehensive Shore Erosion Control Plan and local hazard mitigation
plans will just begin to move the State in the right direction. The continued
commitment to sea level rise response planning will take time and financial
resources, however, it is crucial to the State’s ability to achieve sustainable
management of its coastal zone.
Public outreach will continue to be a significant component of the planning process.
To date, the State has utilized one-on-one interviews, issue forums, numerous
public presentations, and several public workshops to foster a general
understanding of sea level rise planning principles and to garner the support
necessary to ultimately move from response options to the implementation of
response strategies. As the design of Maryland’s sea level rise response strategy
proceeds, the State is hopeful that additional public awareness and consideration
of sea level rise issues will be achieved. The implementation of effective response
strategies at the state and local level will be a sure sign that Maryland has
accomplished this goal.
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Background
The Barataria-Terrebonne estuary, located in
the Mississippi River delta, is losing emergent
wetlands at an alarming rate due to saltwater
intrusion, erosion, and subsidence. Over 22
square miles of emergent wetlands are lost each
year − the area of a football field every 45
minutes.
An extensive levee system
successfully halts overbank flooding of the
Mississippi River, but also eliminates sustaining
inputs of sediment-laden riverwater to the
Barataria-Terrebonne estuary. This situation is contributing to the loss of a
nationally-significant wetland resource, and directly threatens a unique culture,
local infrastructure, and the region's contribution to the national economy.
It has been demonstrated in coastal Louisiana that river diversions and inputs of
secondarily-treated wastewater can preserve and enhance such degrading
wetland systems (Day et al. In review, Lane and Day 1999, Turner and Boyer
1997). There is the opportunity to use an existing stormwater resource − and the
entrained freshwater, silts, and nutrients − to similarly preserve or enhance
degrading emergent wetlands in the Barataria-Terrebonne estuary.
Most populated areas within the Barataria-Terrebonne estuary are protected
against hurricane surges by levees. Runoff from rural and agricultural areas is
collected in a borrow canal just inside the levee and then pumped into adjacent
wetland areas by a series of stormwater pump stations. Over 250 pump stations
in the Barataria-Terrebonne estuary currently discharge stormwater, draining
approximately 500,000 acres. These pump discharges are generally directed
into large, man-made canals to ensure that stormwater is evacuated from the
leveed area as quickly as possible; this stormwater flows directly to high-salinity
bays often through some of Louisiana's prime oyster growing waters.
Redirecting stormwater discharges so they are retained in adjacent wetlands may
(1) help maintain lower local salinities, (2) provide a source of sediments to
subsiding wetland areas, and (3) support plant growth. Such endpoints could
prove beneficial to degrading wetland systems, especially those directly seaward
of levees that protect property from storm surges and flooding. Retention of
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stormwater may also produce corollary water quality benefits, such as nutrient
uptake and pathogen die-off prior to the stormwater flowing to oyster growing
areas.
This stormwater redirection concept was formally recognized in the BaratariaTerrebonne National Estuary Program's consensus-derived Comprehensive
Conservation and Management Plan.
Action Plan EM-12, Stormwater
Management, states that the Plan supports a series of stormwater
treatment/wetland enhancement demonstration projects to (1) reduce negative
impacts of current stormwater disposal practices, (2) reduce loadings of
nutrients and pathogens to waterways, and (3) enhance wetland vegetation with
inputs of nutrients, silt, and freshwater (Moore and Rivers, 1996).
There are a variety of strategies for redirecting stormwater discharges to
adjacent wetlands. It might only involve blocking off selected canals, causing
the stormwater to overflow the canal banks and move into surrounding wetlands.
Rigid structures, such as sheet piling, additional discharge pipe, and diffusion
mechanisms may also be needed to properly divert the stormwater. Project costs
and potential effects, both positive and negative, must be assessed for each
potential project. Adverse effects might include some scouring at the discharge
site(s), changes in flora and fauna over time in the affected area, changes in
commercial and recreational opportunities in the affected area, and limiting
availability of some navigation channels.
The stormwater redirection concept will be tested at the Pointe au Chien
Wildlife Management Area in Terrebonne Parish, Louisiana. A comprehensive
monitoring program will attempt to measure the effects of stormwater
redirection to wetlands on vegetation, marsh elevation, water quality, local
hydrology, and living resources. Project supporters realize that it is critical to
characterize these rural and agricultural stormwater discharges, and their effect
on wetland ecosystems, due to concerns about adverse impacts of urban
stormwater discharges. In addition, appropriate consideration must be given to
not increasing the threat − or the perceived threat − of local flooding, as flood
protection is of paramount importance to local residents.
A Demonstration Opportunity
Terrebonne Parish Consolidated Government is increasing the elevation of a
hurricane protection levee along the south side of the Pointe au Chien ridge.
The elevation increase requires a concurrent berm-width increase that will
encroach into wetlands within the Pointe au Chien Wildlife Management Area.
Terrebonne Parish has negotiated a right-of-way for the berm-width increase
from the Louisiana Department of Wildlife and Fisheries, but, as mitigation, is
required to locate a stormwater pump discharge into the affected wetlands. The
Parish already owns a piece of property along the south side of the Pointe au
Chien ridge, with continuous access from the road to the borrow canal and
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levee. Terrebonne Parish’s consulting engineers have recommended a 198 cubic
feet per second (cfs) pump station at the site (three 36-inch discharge pipes).
The $1 million to $1.5 million project is slated for completion in the first quarter
of 2001.
The capture zone for the new pump station will be 4,800 acres, consisting
primarily of rural development. The receiving area is approximately 22,000
acres of brackish and saline marsh, the northern two-thirds of which are within
the Pointe au Chien Wildlife Management Area. The area is bound to the north
and east by the Pointe au Chien ridge, to the west by the Isle de Saint Jean
Charles ridge, and to the south by the Isle de Saint Jean Charles Road. The
natural levee ridges and the elevated (+4 feet) Isle de Saint Jean Charles road
nearly impound the receiving area. Limited tidal exchange with Terrebonne Bay
occurs through a few natural cuts in the southern portion of the Isle de Saint
Jean Charles ridge and a bridge in the Isle de Saint Charles Road.
The project area has experienced a transition from predominantly
fresh/intermediate marsh in 1956 to brackish/saline marsh in 1988/90; no fresh
marsh habitat remains. The project area, as well as the rest of the eastern
Terrebonne Basin, suffers from a lack of freshwater, sediment, and nutrient
inputs since the construction of flood control levees along the Mississippi River
and the cessation of natural flow through the Bayou Lafourche and Bayou
Terrebonne distributary system in 1903. Anthropogenic channelization has
extended the reach of high-salinity water from Terrebonne Bay. All of these
factors, compounded by natural subsidence in the estuary (Sasser et al. 1996),
contribute to a high rate of conversion of marsh to open water, resulting in the
export and loss of organic marsh soils. This conversion to open water threatens
the ecological vitality of the system, and increases the risk of damage to
hurricane protection levees providing critical flood protection.
Given the hydrologic impoundedness of the project area and the new pump
station construction schedule, this project provides an excellent opportunity to
study the effects of stormwater inputs on a transitional estuarine system
experiencing extreme conversion of wetlands to open water. The pump station
construction schedule should allow at least one year of baseline monitoring prior
to stormwater input. Post-stormwater discharge monitoring should then provide
data necessary to quantify the response of a degrading emergent wetland system
to freshwater, sediment, and nutrient inputs.
The Proposed Monitoring Program
One goal of monitoring the Pointe au Chien demonstration project is to test
whether stormwater discharges can increase vegetative biomass, both emergent
and submerged, with the endpoint of reducing wetland loss. Another goal is to
measure the accretionary response to stormwater inputs. To satisfy imminent
questions about potential adverse affects of discharging stormwater to wetland
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systems, the monitoring program will measure the response of water and
sediment quality – specifically (1) nitrogen and phosphorus uptake, (2)
eutrophication potential, (3) toxics, (4) pathogens, and (5) dissolved oxygen – to
stormwater inputs. An additional goal is to measure the response of organisms
and biological communities to stormwater inputs. Inherent to monitoring for all
other parameters is understanding the effect of stormwater inputs on local
hydrology, including the extent of influence and salinity regime. Available
funding will be used to address as many of the monitoring goals as possible.
Sample sites, including one or more reference/control sites, will be established
after conducting hydrologic assessments of the affected area, and selecting the
pump station discharge/diffusion mechanism.
At least one hydrologic
assessment will occur during the highest level of tidal water exchange (e.g.,
spring tides or frontal passage). Monitoring sites will include the pump station
influent and permanent and mobile transect stations. Sampling intervals will be
optimized for various parameters of concern based on available funding, but
storm-event sampling and continuous monitoring of selected parameters will be
incorporated into the monitoring plan.
To monitor the effect of stormwater discharges on wetland vegetation, (1)
emergent marshgrass biomass will be measured annually at the end of the season
peak (i.e., September); (2) submergent aquatic vegetation biomass will be
measured at spring and fall peaks; (3) percent coverage of emergent vegetation
will be measured annually at the end of the season peak using the BraunBlanquet technique; and (4) percent coverage of submerged vegetation will be
measured at spring and fall peaks using a frequency of occurrence technique.
To monitor the effect of stormwater discharges to wetlands on marsh elevation,
vertical accretion will be measured every six months using both feldspar horizon
marker and sediment erosion table techniques.
To monitor the effect of stormwater discharges to wetlands on water quality, the
following parameters will be measured monthly (or, when possible,
continuously): (1) nitrate nitrogen; (2) ammonium nitrogen; (3) total nitrogen;
(4) phosphate; (5) total phosphorous; (6) silicates; (7) iron; (8) total suspended
solids; (9) chlorides; (10) chlorophyll-a; (11) fecal coliform bacteria; and (12)
dissolved oxygen. Priority pollutant and pesticide screenings of the stormwater
pump influent will occur annually, during both a wet and a dry period (the
priority pollutant screening will not include an analysis of volatile organic
compounds). If appreciable levels of contaminants are found in the influent
during the priority pollutant and pesticides screenings, a similar screening of
local sediment samples will occur.
To monitor the effect of stormwater discharges on local hydrology the following
parameters will be measured monthly (or, when possible, continuously): (1)
temperature; (2) pH; (3) specific conductance; and (4) salinity.
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At this point, funding is not available to support a statistically-valid assessment
of stormwater discharge effects on living resources, especially benthic
organisms. However, a new parking lot and boat ramp will be constructed at the
Isle de Saint Jean Charles community, directly adjacent to the impounded study
area. The Louisiana Department of Wildlife and Fisheries has plans to monitor
the effects of this new access point on fisheries usage. It is possible that this
study's monitoring program will correspond with the Pointe au Chien
stormwater project.
Building Public Awareness
A public education campaign will be developed for the Pointe au Chien
demonstration project and the stormwater redirection concept, in general.
Newspaper articles about the stormwater redirection concept have recently
appeared in local newspapers. Titles such as “Pumps could help wetlands” and
“Use of pumps proposed as conservation tool” have begun the process of
disseminating information about the concept local constituencies. However, a
letter to the Houma Courier editor on February 20, 2000 expressed concern
about potential adverse effects of discharging untreated stormwater to wetlands.
The point should be made all future project descriptions that most stormwater
pump stations in the Barataria-Terrebonne estuary already discharge to the
wetland ecosystem, and the redirection concept only proposes using these
existing discharges in a beneficial manner.
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These two photos show the potential benefits of redirecting stormwater to
wetlands. On the left, where stormwater discharges to a large canal,
adjacent wetlands appear to be converting to open water. On the right, in an
area otherwise prone to degradation, there appears to be vigorous vegetation
growth in the vicinity of the stormwater discharge.
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There are 256 pump stations in the Barataria-Terrebonne estuary, draining
an estimated 499,000 acres. Two-hundred fifteen of the pump stations drain
predominately rural areas; estimated discharge capacity ranges from 1 to
1700 cfs. Forty-one of the pump stations drain agricultural lands; estimated
discharge capacity ranges from 6 to 200 cfs. Based on average annual
rainfall for the area, these 256 pump stations have a combined average
annual discharge rate of 1,442 cfs, or 930 million gallons per day (Richards
et al. 1994).

Eddie Landrum
Project Scientist
Barataria-Terrebonne National Estuary Program
P.O. Box 2663
Thibodaux, LA
Phone: 504-447-0868
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FOREST CHANGES IN THE GRAY’S RIVER WATERSHED,
1942-1996
Mark G. Scott, Portland State University
The fact that [the Willapa Hills in southwest Washington] once supported one of
the greatest forests on earth is beside the point since that forest isn’t there
anymore – it’s gone to sunken ships, secondhand furniture, derelict buildings,
and yellowed newsprint. These are devastated hills, doing their best to recover,
to grow green things in time for the next devastation. A ravaged land, awaiting
the next ravages. (Robert Michael Pyle, 1988. Wintergreen : Listening to the
Land's Heart. Houghtn Mifflin, Boston Mass).
Introduction
Located along the coast of southwest Washington, the nearly 80,000 acres
Gray’s River watershed has undergone a transformation from solid old growth
timberland to simplified and fragmented forest remnants in the last century.
With the technology of the 21st Century, it is possible to keep track of changes to
the modern landscape as it occurs with the use of remote sensed data. This
project uses geographic information systems (GIS) tools to evaluate the modern
forest landscape by taking a look back at forest landscapes past with the purpose
of finding the significant events that have shaped the forest landscape of today.
The biotic complexity contained within Gray’s River watershed coastal
temperate rain forest has been dramatically altered. As a result of the forest
practices used in timber harvesting, the Gray’s River watershed looks and
functions significantly different from what it once did. Ancient forest tree
species (hemlock, sitka spruce and cedar) that once towered up to 300’ and up to
15 feet in diameter have nearly all been removed and replaced with managed
industrial forest.
It is not hard to understand why ancient forests have been cut. These forests
were among the world’s finest source of timber. Forest managers market the
biggest, most valuable species when the markets are good. Gray’s River forests
have been cut and sold on the world market since 1962. Because the growth and
development of a viable timber industry is dependent on steady supply of natural
resources, in 1996 only 1,476 acres of the original 76,000-acre forest remain in
the Gray’s River watershed.
Timber companies are now actively engaged in harvesting the last 1,476 acres of
remnants for a few years of additional profit that only a few ever benefit from.
By treating 500 – 1000 year old forests as if they were renewable resources, the
Gray’s River watershed is about to lose a resource. Forests are renewable, but
once they have been cut down and re-generated several times, the diversity the
forest once had is lost.
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Seeking a pattern
The modern forest landscape has evolved as a result of the practices used on it.
The methods and technology of timber harvesting have dramatically influenced
change to the diversity, form, and function of the forest landscape. Forest
harvest patterns on the Gray’s River landscape have evolved from logging
methods and technology applied to the forest landscape since the earliest days of
settlement.
Table 1. Chronology of events and logging technology in the Gray’s River
Watershed.
1800
76,000 acres of old-growth in the Gray’s River Watershed
1850-1930
Early logging utilized lowland streams to provide log
transportation to many local mills.
1860-1930
Timber workers lived in upland logging camps and hand tools
to work the big timber to local mills.
1870-1930
Splash dams used on over 90% of the Gray’s River (type 1)
water.
1940-1970
Diesel logging trucks and bulldozers.
1940-1970
Over 600 miles of upland forest roads constructed.
1942
54,802 acres of old growth remain in the Gray’s River
Watershed.
1953
43,000 acres of old-growth remain in the Gray’s River
Watershed
1962
Columbus day storm, Timber export market opens to Gray’s
River forest products.
1964
29,000 acres of old-growth remains in the Gray’s River
Watershed.
1976
13,330 acres of old growth remain in the Gray’s River
Watershed.
1976-present
Washington State Forest Practice Rules, established riparian
buffers.
1983
5,000 acres of old growth remain in the Gray’s River
Watershed.
1990
2,500 acres of old growth remain in the Gray’s River
Watershed.
1992
Jan 15th storm record Gray’s River flood.
1995
Arbor Day record Gray’s River flood.
1996-1999
Flooding in Gray’s River lowlands increases.
1996-present
Less than 1,500 acres of old growth remain in the Gray’s
River Watershed headwater areas.
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Methods
The spatial data created from this project is intended to reveal changes in spatial
relationships between timber classes within the Gray’s River watershed between
1942 and 1996. This kind of data captures and preserves for comparison in a
timeframe various classifications of a forest landscape. There are many
potential changes to the forest landscape over time. The temporal component
consists of a sequence of time slices of the forest landscape based on a series of
50 possible land classifications. This survey categorizes forests into a set of
stand types and landuse. The interpretations are delineated on airphotos and
digitized into a GIS. Once the air-photo information is placed in a GIS, new
data representing the spatial relationships between landuse and timber types over
time can be generated. Forest changes are measured incrementally between
1942 and 1996.
Data Sources
1:12,000 Washington Department of Natural Resources, 1997
Orthophoto Quadrangle
1:24,000 Soil Conservation Service, U.S. Department of Agriculture, 1978
Controlled Mosaic
1:12,000 Gray’s River Watershed Air-photos, 1964-1990
Low elevation stereo pairs
1:24,000 War Department, Corps of Engineers, U.S.ARMY.1942
Restricted (controlled mosaic) photomap.
Results
The spatial relationships between stand types within the Gray’s River watershed
have significantly changed between 1942 and 1996. Results obtained from the
final data layer clearly indicate several trends. The 54,802 acres of ancient oldgrowth forest that once existed in 1942 (Figure 1) has been reduced to 1,476
acres by 1996. In addition this old growth within the Gray’s River watershed
has been fragmented with the biggest single piece in 1996 only 200 acres in size.
Second growth (Figure 2) has dramatically increased from 10,600 acres in 1942
to 63,720 acres by 1996. Third growth (Figure 3), Gray’s River watershed
timber for the 21st century didn’t exist in 1942. Third growth will replace a
majority of the second growth, continuing the cycle of forest re-generation.
Clear-cutting (Figure 4), once maintained a consistent pace into the early
1990’s, but peaked in the late 70’s early 80’s and is now on the decline.
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Figure 1: The decline of Gray’s River watershed acres of old-growth forests,
1942-1996.
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Figure 2: Increase of second growth acreage in the Gray’s River, 1942-1996.
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Figure 3: Third growth in Gray’s River, 1942-1996
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Figure 4: Clearcutting acres in Gray’s River, 1942-1996.
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Mapping the Changes
The graphical time sequence model of Gray’s River watershed provided in this
report is an important component to more fully understanding changes to the
landscape, a sequence that illustrates habitat destruction, forest fragmentation
and biological simplification. The map series starts below in 1942, with what
appears to be a few basic types of landcover. The (darker) old growth was at the
time the largest type of landcover extending from fringes of the valley floor to
the watershed headwaters. The (lighter) shading indicates clear-cut and young
reproduction tree stands. The lowlands of Gray’s River including the flood
plane and riparian areas have consistently used as farmland between 1942 and
1996.
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Timber harvesting in the Gray’s River watershed began with selective logging
practices in the late 1800’s. The harvest was selective because of the difficulty
transporting large logs without a developed overland transportation network.
The approach to making logging economical in the early days was to select out
only the best quality timber that would bring the highest price in the timber
market. The distribution of tree removal reflects this kind of market strategy.
Trees were generally removed in small irregularly shaped patches that
encompass the highest value trees and ideally those adjacent to flowing water.
In many cases these patches opened up into corridors connecting other patches
to form a network of irregular openings.
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1942-1953
With the advent of the bulldozer and towers in the late 40’s early 50’s, logging
practices changed dramatically from selective cutting to clear cutting. Selective
cutting was no longer necsessery because all of the trees could be easily
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removed with overhead cables suspended from towers on “knob” hills.
Bulldozer (caterpillars) and skidders were also introduced to the Gray’s River.
The natural rough texture and curvilinear shapes of the native forest begin to
disappear in the 50’s.
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1953-1964
The economics of timber harvesting drove massive operations to extract high
value old-growth timber from upland road-less areas during this time period.
Roads were expanded providing access to increasingly steeper upland areas in
the northeast of the watershed. The shape of clearcuts quickly changed the look
of the forest landscape by introducing geometric shapes that tend to parallel the
public land survey forming checkerboard squares of timber based entirely on
timberland ownership.
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1964-1976
Between 1964 and 1976, over 15,000 acres of Gray’s River old-growth forest
was clear-cut. The 70’s was the last decade of the free-for-all style cutting of
high value old-growth timber. By 1976 only 13,330 acres of old growth
remained in the entire watershed. An increase in logging efficiency had several
effects on the local economy. The distribution of log processing mills changed,
many small mills closed as the milling industry shifted to larger mills in more
regionally centralized locations. Longview Washington boasts to have the
biggest log processing mill complexes in the world.
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1976-1983
Modern forestry in the Gray’s River watershed is focused on producing the
highest valued timber products in the shortest amount of time. Thus, forest
geometry and composition have changed. Over 600 miles of forest roads have
been constructed in the Gray’s River by 1983. The roads provide immediate
access to timber with a variety of logging equipment. These 40-70 foot wide
treeless paths can sometimes use as much as 10% of the productive forest area.
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1983-1990
The price of forest products on the market has always been the driving force
behind making logging a highly profitable industry. However, logging has been
not so "profitable" for threatened species of plants found in the Gray’s River:
Frigid Shooting Star - dodecatheon austrofrigidum (threatened), Loose Flower
Blue Grass - poalaxiflora (threatened), Pink Fawn Lilly - erythronium revolutum
(monitored), Queen of the forest - filipendula occidentlis (threatened).
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1990-1996
By 1996 only a little over 1,476 acres of high value old growth timber remained
within the Gray’s River watershed. A majority of the timber remaining is under
25 years old.
Conclusion
In just over a 50 year time period 2/3 of the Gray’s River (500-1000 year old)
forest has been logged. Second and third generation forests have already grown
back to take its place. Not every area can rebound so readily and with so much
vigorous growth. The Gray’s River watershed will be ready to face the next
challenges. Right now more than 63,000 acres of second growth is ripening for
harvest in the watershed. Even though this timber is nowhere near it’s biologic
peak for harvesting, timber companies are waiting and prepared to engage it.
Mark G. Scott
(Student, Portland State University)
PO Box 17
Ocean Park, WA 98640
Phone: 360-665-2447
Email: mscott@co.pacific.wa.us
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COASTAL HABITAT PROTECTION PLANS: PROTECTING AND
MANAGING FISHERIES HABITAT IN NORTH CAROLINA
Patricia Hughes, North Carolina Division of Coastal Management

Background
The Fisheries Reform Act of 1997 directs the North Carolina Department of
Environment and Natural Resources (DENR) to develop and implement Coastal
Habitat Protection Plans (CHPPs). The goal of the plans is “the long-term
enhancement of coastal fisheries” associated with coastal habitats. The
legislation directs three agencies to cooperate in developing CHPPs: the
Division of Marine Fisheries (DMF), the Division of Water Quality (DWQ), and
the Division of Coastal Management (DCM). Assistance may be requested from
other state or federal agencies, as necessary. These agencies formed a CHPP
Development Team, chaired by the DMF, and invited other key agencies to join
in the effort. These include the Wildlife Resources Commission, responsible for
management of freshwater fish species and for management of wildlife habitats
throughout the state; the Division of Environmental Health’s Shellfish
Sanitation Program; and the North Carolina Wetlands Restoration Program
(NCWRP). In addition, staff from the U.S. Fish and Wildlife Service participate
in the deliberations.
Once completed, the draft plans must be submitted to the three regulatory
Commissions with jurisdiction over fisheries, water quality, and coastal resource
management - the Marine Fisheries Commission, the Environmental
Management Commission, and the Coastal Resources Commission. CHPPs
must be approved by all three Commissions to be implemented. During plan
implementation, the legislation requires the three Commissions to ensure, to the
maximum extent practicable, that their actions are consistent with the adopted
plans.
Structure of Coastal Habitat Protection Plans
CHPPs will be developed on a watershed-level scale and eleven management
units have been identified (Figure 1). These management units closely parallel
the watershed boundaries established by the DWQ for the state’s basinwide
planning program. Each river basin management unit extends from its
headwaters to the estuarine or seaward limit of the system, but does not include
another state's jurisdiction.
In preparing the schedule for drafting the habitat protection plans, the CHPP
Development Team considered the status of fish stocks of economic significance
to North Carolina, the environmental threats posed to different coastal regions,
and the schedule for preparing the state's basinwide water quality management
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plans. The basinwide plan schedule is important because the DWQ schedules
water quality sampling in specific watersheds in support of the basin wide
planning effort. The Team wanted to take advantage of the most recent data
available in preparing habitat protection plans.
Coastal habitat protection plans will consist of two documents: a habitat
background document that will summarize historic and current information on
habitats and habitat distribution throughout the state. It will also include a
geographically broad discussion of threats to these habitats and to coastal
fisheries. The second document, the management unit plan, will focus on each
watershed unit and include more site-specific information on habitats. The
management unit plan will include a discussion of fish utilization, existing and
potential threats to individual habitat types, and an assessment of cumulative
impacts. The management unit plan will include recommendations for
additional research, and for monitoring to evaluate success in implementation of
the plans. Most importantly, the management unit plans will include specific
action recommendations. The plans may recommend rule-making, changes to
strengthen or refine the current interagency process for reviewing permits,
certain voluntary actions, and/or recommendations for habitat restoration.

Figure 1: CHPP Management Units
The management unit plans must address habitat criticality. There has been
continuing discussion among the participating agencies and within the scientific
community about the definition of critical fish habitat and habitats important to
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coastal fisheries. At present, the CHPP Development Team is defining three
levels of habitat significance to be discussed in the plans:
1) Habitats beneficial to coastal fisheries: those not contiguous to open water
through surface water and not directly utilized by coastal fishes or fisheries
activities but whose disturbance/alteration through various land-use activities
could impact habitat quality or quantity. Examples include maritime forests,
dune systems, and certain wetland types, such as pocosins.
2) Critical fish habitat: fresh water, estuarine and marine areas that support any
of the various life stages of economically important fish species as well as those
of forage species important in the food chain. Examples include: wetlands,
submerged rooted vasculars, hard bottom, riverine and subtidal bottom and
intertidal flats, shell bottom, and the water column.
3) Critical habitat areas: specific locations supporting one or more life stages,
exceptional for fisheries production, and/or particularly at risk due to imminent
threats, inherent vulnerability, or rarity. These may be areas of special concern for example primary nursery areas demarcated by the DMF.
This hierarchy of “criticality” may change as the plans are developed because it
has been one of the more difficult issues the Team has discussed. As the plans
are drafted, it is possible that there may be insufficient data to delineate critical
habitat areas beyond designated primary nursery areas and/or anadromous fish
spawning areas.
Sources of Data
The primary sources of data being used in plan development include the
scientific literature and data, agency publications, and agency data. Agency data
includes fisheries survey and special studies data from the DMF as well as from
the National Marine Fisheries Service and the National Oceanic and
Atmospheric Administration. Other sources include permits data from the DCM
and the DWQ, and water quality monitoring and sampling data collected by the
DWQ and by the Division of Environmental Health's Shellfish Sanitation
Program. Two other sources of data for preparing these plans are 1) the DCM's
wetland type, potential wetland restoration site, and wetland functional
assessment maps; and 2) restoration plans prepared by the NCWRP. Secondary
sources include unpublished data, reports, and theses.
In an effort to inform the scientific community and to solicit additional
information important to preparing coastal habitat protection plans, the CHPP
Development Team sponsored a workshop in February 2000. The Team
identified four key areas for discussion:
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1)
2)
3)
4)

linkages between habitats and fishes;
indicators of biological and ecosystem health and integrity;
status and trend measurements and analysis; and
evaluation of threats to habitat quality and quantity.

The workshop participants were organized around habitat types and discussed
each of the four key issue areas. An example of the workshop results is in the
discussion of hard bottoms. The participants in the hard bottom discussion
included two university researchers, a National Marine Fisheries Service
scientist, a geologist from the North Carolina Geological Survey, a scientist
from a national environmental organization, and a member of the Coastal
Resources Commission. They noted the lack of data on hard bottom in parts of
the coastal ocean management unit and in some of the estuarine areas. For areas
where there is good data on hard bottoms, the scientists identified studies that
measured the degradation of hard bottoms due to beach nourishment. Finally,
the hard bottom group identified specific agency reports with information on
hard bottom distribution in two of the state's large estuaries.
Relationship to Other State Resource Management Programs
The CHPP findings and recommendations may be integrated with a number of
programs. The state's basinwide water quality plans, updated every five years,
can incorporate management and protective measures identified in the CHPPs.
CHPP implementation recommendations can be supported by enforceable
policies and mechanisms identified by the North Carolina Coastal Nonpoint
Source Program.
Another example of integration with existing programs is the use of the
NCWRP restoration plans in the development of coastal habitat protection plans.
The NCWRP has conducted an extensive review of watershed characteristics
and resource information and developed restoration goals for priority
watersheds. The NCWRP has identified watershed subbasins and hydrologic
units in which wetlands and riparian area restoration is likely to provide the
most significant benefits to the river basin in terms of water quality, fisheries
and wildlife habitat, and floodwater storage values. This evaluation can be
useful to describing the threats to fisheries habitats in specific management units
and to identifying implementation measures that could result in improvements to
fisheries habitat quality.
Public Participation
The CHPP Development Team identified public participation as an important
element of the CHPP development process. In particular, the Team wanted to
solicit public input during plan preparation. For the Coastal Ocean and Chowan
River watershed management unit plans, public meetings were held up and
down the coast to introduce the CHPP process and to hear the public's concerns
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about the threats to fisheries habitats in these areas. As a result, at one of the
public meetings on the Coastal Ocean management unit plan, oceanfront
development and beach bulldozing were identified as potential threats to
fisheries habitat.
Conclusions
North Carolina's coastal habitat protection planning effort is an important tool
for protecting and enhancing fisheries habitat. The state has identified eleven
management units tied to coastal watersheds. Three levels of "criticality" will
be assessed in the plans. The plans will be developed and implemented through
a multi-agency effort and implementation of the plans can occur only after
unanimous approval of the Marine Fisheries Commission, the Environmental
Management Commission, and the Coastal Resources Commission. The plans
can be integrated with other state resource management programs. Finally,
public participation is important in the development and implementation of
coastal habitat protection plans.

Patricia Hughes
North Carolina Division of Coastal Management
1638 Mail Service Center
Raleigh, North Carolina 27699-1638
Phone: (919) 733-2293
Fax: (919) 733-1495
Email: mailto:pat.hughes@ncmail.net
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ABSTRACT

ASSESSING COMMUNITY VALUES FOR THE TILLAMOOK BAY
ESTUARY
Katharine F. Wellman, Battelle Seattle Research Center, Seattle, WA

Important coastal management decisions incite controversy because of difficult
tradeoffs that are necessary among different stakeholder objectives. For
example, the decision to preserve aquatic habitats may result in the loss of
aquaculture opportunities, or the decision to increase development may result in
a corresponding increase in polluting emissions from a coastal town. Such
tradeoffs are not easy for individuals to make because they typically require
giving up something of value. Tradeoff decisions are particularly complex at the
watershed level because of disagreements among stakeholders about key
objectives and their relative importance.
In recent years, the growth of public-interest and advocacy groups, along with a
trend toward empowering participants emanating from corporations, classrooms,
and public agencies, has resulted in demands for a higher level of accountability
on the part of coastal management decision makers. Decisions that were once
discussed behind closed doors must now be debated in public fora and before
television cameras, and decisions that were once made on an ad hoc basis must
be defended with reference to explicit criteria and a logical approach.
The shift in decision-making authority coincides with recognition that coastal
management issues must be addressed in light of both broad economic goals and
ecosystem integrity. The balancing of ecological and economic systems in
coastal management decision making is, however, a significant challenge given
gaps in our knowledge about ecological processes and the linkages between
ecological and economic systems. There is substantial emerging knowledge
about the ecology of coastal regions that can be used in an adaptive management
framework. The credible integration of scientific information with human values
and preferences in coastal decision making, however, is less advanced and the
focus of this paper.
This paper presents a case study of a decision process undertaken as part of the
development of a Comprehensive Conservation Management Plan (CCMP) for
Tillamook Bay, Oregon. The paper outlines the application of a constructed
survey approach to elicit values and tradeoffs among conflicting community
interests for improving the quality of Tillamook Bay in terms of habitat, water
quality, sedimentation, and flooding. This approach draws from both multiattribute utility theory and decision analysis. Beginning from a broad-based set
of actions aimed at achieving a sustainable resource base, essential stakeholder
groups were asked to identify major objectives for that region, sub-objectives
(including means and ends to achieve them), and quantifiable attributes which
were used to measure these objectives (such as numbers of fish, or miles of
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restored riparian zone). Next, several packages of key important actions were
developed to see whether stakeholders responded to and understood key actions,
tradeoffs, and mitigation/compensation options. Finally, alternative packages
were evaluated using approval voting and willingness to pay. The final step
provided economic valuations of key actions as well as valuations of key
tradeoffs.
The paper concludes with recommendations for the use of this approach in
dealing with other coastal management issues. It appears that, compared to
alternative methods of valuation and decision making, the results of this
approach are more credible and politically acceptable. The process is also highly
responsive to stakeholder information needs. The process demands technical
expertise, and institutional structure of trust, and clear decision-making
authority.

Katharine F. Wellman, PhD
Battelle Seattle Research Center
4000 NE 41st Street
Seattle, WA 98105
fax: 206-528-3552
phone: 206-528-3323
email: wellman@battelle.org
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A USER-FRIENDLY WATERSHED DATABASE AND MAPPING TOOL
THAT QUERIES AND INTEGRATES DATA FOR REMEDIATION AND
RESTORATION PLANNING, CHARLES RIVER, MASSACHUSETTS
N. Beckvar, Coastal Protection and Restoration Division
Office of Response and Restoration, National Ocean Service, NOAA
K. Finkelstein, US EPA Region 1
D. Cullom, Genwest Systems
Introduction
Environmental management of coastal watersheds requires access to, and
synthesis of, a variety of data generated by multiple agencies. Data sets are
generally in different formats, not readily comparable, and may not be easily
obtainable. To assist in the Environmental Protection Agency (EPA)-sponsored
initiative to clean up the Charles River in Massachusetts, National Oceanic and
Atmospheric Administration (NOAA) developed a watershed project for the
basin that includes the compilation of both geographic data layers and spatial
datasets containing sediment and tissue chemistry and sediment-toxicity data.
The database-mapping program has a built-in query tool that allows users to
quickly extract data from the combined datasets and plot them in a free and easyto-use mapping software. Data can also be exported easily to commercial
statistical or spreadsheet software applications for other types of analyses.
Query results can be saved to formats compatible with Geographic Information
System (GIS) software for enhanced mapping capabilities or spatial analyses.
The Charles River drains an area of 309 square miles and flows for 80 miles
through 23 cities and towns and over 20 dams before discharging into Boston
Harbor. The Charles River is the most densely populated river basin in New
England, supporting both high recreational use and a variety of industries.
Waters of the lower Charles River are classified as Class B. Class B designation
means that these waters are suitable as habitat for fish, other aquatic life, and
wildlife, and for primary and secondary contact recreation. The Charles River
also is identified as a warm-water fishery. Tidal influence was eliminated when
the first Charles River Dam was constructed in 1910.
The Charles River has a long history of degradation of water quality and river
habitat. Toward the goal of restoring the river to fishable and swimmable
conditions by 2005, the EPA New England Region initiated a cooperative
program “Clean Charles 2005” to reduce pollution inputs by reducing storm
overflows into the river and unauthorized sewer connections. The work has
focused on the more highly contaminated lower reach of the Charles River. In
addition to stricter enforcement, EPA’s approach has consisted of funding
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scientific studies, awarding grants for developing stormwater management plans,
and for education and monitoring.
Methods
The prime objective of the EPA initiative has focused on stormwater inputs and
consequent bacterial contamination of the water column. However, sediment
quality is highly degraded in many areas of the river. To address this concern in
more detail, NOAA contacted agencies that have collected sediment chemistry to
identify sources of available data. NOAA created a catalog of all known
sediment chemistry, sediment toxicity, and tissue chemistry conducted in the
river. This dataset was used to determine which data would be entered into a
relational database for use in the watershed project. Sampling years, scope of
the study, available formats, and contacts were obtained for each study. Data
were provided by the agencies in either electronic or paper format. Sixteen
different datasets from nine different sources—United States Geological Survey
(USGS), Massachusetts District Commission (MDC), Massachusetts Department
of Environmental Protection (MADEP), Massachusetts Department of Public
Health (MDPH), Massachusetts Water Resource Authority (MWRS), Roy F.
Weston, Inc., Plexus Scientific, EPA, and Brandeis University—were added to
the relational database for the river. Most of the sediment contaminant data was
derived from two primary sources: a Superfund site (Army Materials
Technology Laboratory) and a USGS survey.
The relational database is accessed using the Query Manager tool developed by
NOAA’s Office of Response and Restoration. A menu of queries allows data
exploration by enabling the user to select the type of data (surface or subsurface
sediment chemistry, sediment toxicity, or tissue chemistry by species or
contaminant), specific studies, and the chemical or chemicals of interest.
Chemicals can be compared with different sediment-quality guidelines, such as
Threshold Effects Level and Probable Effects Level for freshwater (TEL-PEL)
(Smith et al. 1996) and Effects Range-Low and Effects Range-Medium (ERLERM) (Long et. al. 1995), or user input concentration ranges. Sediment-quality
guideline quotients are also available in the query tools. The output tables can
be displayed on maps using Marplot, a desktop-mapping program developed
jointly by NOAA, the U.S. Coast Guard, and the Census Bureau. Marplot runs
on both Windows and Macintosh platforms and was designed for ease of use,
speed, and small disk-space requirements. Marplot and ArcView incorporate
geographic data from a variety of sources. Federal, state, and local agencies
were initially involved in the creation and processing of base geo-spatial data.
EPA, U.S. Fish & Wildlife Service, USGS, U.S. Census Bureau, NOAA
(National Climatic Data Center and National Ocean Service), the Massachusetts
Executive Office of Environmental Affairs-GIS, MADEP, and the Charles River
Watershed Association (CRWA) all provided data crucial to the development
and implementation of this database/mapping project.
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Results
The final product has been distributed on a compact disk and made available
over the Web. Watershed managers now can access the combined datasets and
use them for data exploration, data sharing, and export. While conclusions about
water quality in the river have been positive, the combined dataset reveals a very
different picture of sediment contamination. Although the Charles River has
evolved from an industrial corridor to a recreational river during the past 30
years, the imprint from past contaminant releases is readily seen in the
sediments. Using Query Manager and Marplot to explore the datasets shows a
river with high concentrations of contaminants in the sediment (Figure 1). Not
only are individual chemical concentrations elevated, but many stations have
multiple chemicals exceeding sediment-quality guidelines. For example, out of
217 river-wide stations in Watertown and downstream, 57 (or 26%) had 10 or
more chemicals at the individual station exceeding their ERM values. Out of
138 stations, 64% had 5 or more chemicals exceeding their ERM value. With
such highly contaminated sediments in the lower river, we were surprised to find
only one study of sediment toxicity. Of the two stations sampled in this stretch
of the river, both were toxic in the 10-day Hyallela tests.
The Charles River database also incorporates several studies (by MADEP, the
MADPH, and the MDC) that produced fish-tissue residue data for many
hazardous chemicals. Species selected include carp (20 samples), largemouth
bass (19 samples), yellow perch (17 samples), brown bullhead (10 samples),
chain pickerel (7 samples), and white perch (7 samples); several other species
were collected at one or two of the stations. Most of the data are from locations
upriver in areas with the least sediment contamination. Hence, exposure from
the gross sediment contamination is, in many cases, not assessed, and only a few
species were measured throughout the watershed. But from these limited
datasets, one does see an increase in polychlorinated biphenyl (PCB) tissue
concentrations in downstream Charles River fish samples. Carp have a
downriver tissue residue value of 2.6 mg/kg wet weight (57.8 lipid normalized)
and largemouth bass a value of 1.1 mg/kg wet weight (234 lipid normalized)
compared with low and non-detected concentrations high in the watershed. Such
concentrations indicate a likely risk from human consumption and a potential
risk to resources in the lower reach of the river. The MADEP has listed a
consumption advisory due to PCBs in carp from the middle and lower Charles
River. EPA recently sampled fish in the Charles River to increase the available
tissue residue database, to check for external and internal anomalies, and locate
areas of potentially high exposure and effects. Largemouth bass, yellow perch,
and carp were collected during the summer of 1999 along six segments in the
lower river. A report is planned for the fall of 2000 with the results entered into
this database.
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The database-mapping program can be used to screen a large volume of data
relatively quickly to determine contaminants of concern in a particular area. One
test for the database was to examine whether a Superfund site adjacent to the
river—the Army Materials Technology Laboratory (AMTL) in Watertown,
MA—contributed a greater proportion of hazardous chemicals to the river than
upstream inputs. Although concentrations of both organic and inorganic
chemicals are high both up- and downstream of the site, we queried the database
to see if chemicals concentrations increased adjacent to the site in the back
channel, indicating a potential source. By using a query that sorts PCB
(Arochlor 1254) sediment concentrations into three categories—greater than 500
µg/g, between 500 and 60 µg/g, and below 60 µg/g (the LEL as defined by
Persaud et al. 1993 for the Ontario Ministry of the Environment and Energy)—
higher PCB sediment concentrations are apparent in the small back channel
adjacent to the AMTL site (Figure 2). Although two locations of PCBs greater
than the upper threshold value are located just upstream of the site, many higher
values occur adjacent to the site. When the Army compared the PCB Hazard
Index (HI)—or the detected sediment concentration at a specific location divided
by the sediment criterion (in this case, the Lowest Effect Level)—in the back
channel with those upstream, they found that HIs near the site exceeded
maximum and average upstream HIs. By remediating sediments in this channel,
the Army achieves an estimated 56% reduction in the average PCB Hazard
Index.
Similarly, we queried the database looking for changes in sediment pesticide
concentrations in the Charles River. DDE concentrations were elevated adjacent
to the site compared with upstream concentrations (Figure 3). Additionally, the
Army reported that nearby channel sediments showed HIs for pesticides that
exceeded upstream maximum HIs.
Compilation of the various datasets and maps was a time-consuming process.
Once completed, however, users have easy access to a very complete picture of
contamination and data availability in the watershed. Data gaps—such as the
lack of sediment toxicity testing and a paucity of fish-tissue residue data in the
most contaminated stretches of the river—are easily identified by this approach.
Exporting contaminant data into ArcView is a simple process and enables the
use of GIS mapping capabilities. For restoration planning, contaminant data can
be overlain on aerial photographs, and land-use and wetland maps to identify
areas that are contamination-free. Also, areas currently contaminated but with
conditions promising for restoration projects (such as wetland development or
improved fish habitat) can be selected for cleanup. Additional datasets can be
added to the database, thereby maintaining data as both an historical archive and
as a repository for recent data. Because NOAA is using this standardized
approach in several geographic areas, data can be compared across, as well as
within, watersheds.
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Figure 1. Number of ERMs exceeded in the lower Charles River. Solid circles
are stations where more than 5 of the measured chemicals exceeded their
respective ERM concentration.

Figure 2. Concentrations of Arochlor 1254 in the back channel near the Army
Materials Technology Laboratory site compared to concentrations upstream and
downstream.
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Figure 3. Concentrations of p'p' DDE in the back channel near the Army
Materials Technology Laboratory site compared to concentrations upstream and
downstream.
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EVOLVING OREGON'S DYNAMIC ESTUARY MANAGEMENT
INFORMATION SYSTEM
Tanya C. Haddad, Oregon Ocean-Coastal Management Program
Providing Geo-spatial Information for Estuaries and their Watersheds
Introduction
The physical setting of estuaries and the wide array of human activities they
attract pose some unique coastal management challenges. Analyses which tackle
these challenges often require a wide array of geo-spatial data to resolve. Many
branches of NOAA, and a variety of other federal and state agencies with
jurisdiction in the coastal zone generate geo-spatial data relevant to such
analyses, but often in file formats, scales and geographic projections which
render them unusable to the lay-public or even sister agencies without
considerable effort. This article details a program through which the Oregon
Ocean Coastal Management Program (OCMP) works to make a variety of
federal, state, and other geo-spatial data widely available in common format to
interested public users who are often stakeholders in estuarine and coastal
management issues. The project aims provide a central information depot for
traditional and digital information relating to estuaries in Oregon in order to
focus attention on frequently ignored estuarine systems and facilitate use of the
best available information in state and local estuarine resource management
decisions, non-regulatory conservation and restoration efforts, science, and
education.
Background
Oregon's system for managing it’s 22 major estuaries and their estuarine
shorelands has a history of successfully reducing use conflicts. It is based on
estuary-specific resource inventories that form the foundation of estuarine
management plans, which in turn dictate the types of development that can
occur in specific areas. Unfortunately, the mapped habitat data upon which these
use-decisions are based are increasingly dated: a situation which if left
unaddressed, implies that the effectiveness of the resource management system
will decline. To prevent this eventuality, the Oregon Ocean Coastal
Management Program initiated a project in 1996 to define and launch a coastwide estuary-GIS that would be centered on each of the 22 major Oregon
estuaries. The effort was further motivated by fragmentation of information
related to Oregon estuaries that had evolved since estuary management plans
were developed in the 1980's. Important resource information was housed in a
variety of federal and state agency and county offices located around the state,
and newly available information was not sufficiently integrating into decisionmaking processes. An estuary-centered GIS had the potential to integrate the
array of digital data generated by assorted local, state, federal, private and non179

profit entities with emerging new estuarine information, and to subsequently
share this information amongst the various potential users and decision makers.
Pilot Project
A two-year pilot effort was undertaken to fully develop the Dynamic Estuary
Management Information System (DEMIS) for Oregon estuaries. In 1996
OCMP successfully applied to host a NOAA Coastal Management Fellow to
implement the Pilot Phase of the DEMIS project.
The pilot was centered in the Coos Bay estuary and watershed, and explored a
variety of management and data-related issues. The intent was to create a
framework for data collection, storage, and use that was:
a) transferable to local users such as citizen-based watershed councils,
b) flexible and specific enough to address particular local management needs,
c) based on an information system structure that would remain compatible when
expanded along the coast
The main products of the pilot effort included a framework of data management
processes and standards for an estuary GIS, a compact disc with over 140
accumulated data layers which had been geographically standardized and
clipped to the Coos Bay estuary's watershed boundaries, and an informational
internet web site. Part of the web effort experimented with an
early online GIS in the form of a Arcview Internet Map
Server which served the various datasets of the original
estuary plans for 17 estuaries. The CD-ROM included both
shapefiles and ArcInfo Export (e00) files, as well as user
friendly ArcExplorer and ArcView project files which
integrate related datasets into easy to interpret “issue modules”. It was
envisioned that while the initial data collections in the estuary would be
published on CD, any additional data layers developed for the region would be
shared via an expanded version of the web-site.
Phase 2: Expansion Estuaries
Building on the pilot effort, a second phase of DEMIS was begun in late 1998 to
expand the system to other Oregon estuaries. OCMP was once again successful
in obtaining a NOAA Coastal Management Fellow for carrying out this
expansion. Phase 2 objectives were to:
a) Refine the framework, capacity and standards developed by the DEMISCoos Bay pilot,
b) focus data collection on layers deemed pertinent to estuarine wetland
restoration, and
c) inventory and analyze potential estuarine wetland restoration sites for
each DEMIS estuary.
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Phase 2 began by selecting priority estuaries for the DEMIS based on a number
of management-related estuary characteristics, including:
a) the geographic distribution of estuaries in the DEMIS up and down the
Oregon coast,
b) the physical variability amongst selected estuaries,
c) the estuary 's Oregon Estuary Planning classification, (Natural,
Conservation, Shallow or Deep Draft Development),
d) connectivity to Core Salmon Restoration Initiative (CSRI) streams and
Aquatic Diversity Areas (ADA's),
e) presence of Oregon Department of Fish and Wildlife salmon index
sites,
f) progress of the local watershed council in the watershed assessment
process, and
g) the presence or absence of any existing GIS efforts relating to the
estuary.
The overall intent was to expand the
DEMIS system in such a way as to
maximize the contribution that the
program made to the state's total
knowledge base, while maintaining a
diversity in physical location and
estuarine characteristics. Estuaries with
connectivity to CSRI streams and
ADA's were considered a high priority,
as were those where a local watershed
council was advanced in the watershed
assessment process and might be wellpositioned to make immediate use of
the DEMIS products. Estuaries with a
potential to maximize corridors of
beneficial salmonid habitat were given
a higher ranking. Finally, estuaries with
substantial non-DEMIS GIS programs
(such as the Columbia River and
Tillamook Bay estuaries) were
essentially not considered.
As a result of these priorities, four
DEMIS expansion estuaries and their
associated watersheds were chosen for
Phase 2: the Nehalem River, Siletz
Bay, Siuslaw River, and Coquille
River. Data collection and potential
estuarine
wetland
restoration
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inventories are expected to be complete for these systems by late 2000.
Targeting Users: Working With Local Groups
An integral aspect of the DEMIS program is working with local planners,
citizen-based watershed councils, native american tribes, and other groups
relevant to each of the selected priority estuaries to assure that the products that
emerge from the effort meet local needs in addition to conforming to the
technical standards desired by the state.
SAMPLE CROSS-SECTION OF DEMIS
USERS:
South Slough Estuarine Research Reserve
Scientists
Coos Watershed Council
Coquille Indian Tribe
Southwest Oregon Province, US Forest Service
Southwestern Oregon Community College
Coos County High School Science Teachers
Coos County Planners
Coquille Watershed Council
Oregon Division of State Lands program staff
Nehalem Watershed Council
New Carissa Oil Spill Initial Response Team

The local watershed council structure in particular is a valuable connection for
the program to make. These citizen-based volunteer groups are the footprint of
the Oregon Plan for Salmon and Watersheds, a Governor’s initiative to
encourage grassroots non-regulatory restoration efforts in response to the
Salmon crisis, and are in-place with the specific goal of sustaining natural
resources, watershed protection, and enhancement within a watershed. The
estuary-focus of the DEMIS program complements the councils’ watershed
assessment process well, as the importance of estuarine systems is often
somewhat under-emphasized in their outputs. In addition, the technical skilllevel of watershed council members is also an important benchmark against
which to gauge the “usability” of DEMIS products. With all this in mind,
DEMIS expansion "scope" meetings have been held with groups in the Coos,
Coquille, and Nehalem estuarine watersheds, in order to determine the local
community’s priority issues relative to overall DEMIS goals. At each meeting,
specific local issues were framed in terms of the GIS analyses that might be
done to address them. Through this process, a list of estuary-specific priority
data layers was obtained which were then pursued for inclusion in the DEMIS
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Envisioning Restoration Possibilities
An additional goal of DEMIS-Phase 2 is to demonstrate how the analytical
capabilities of a GIS can be used to synthesize these data into viable community
action plans. The focus on identification of potential estuarine wetland
restoration areas was introduced as a priority for the Phase 2 expansion of the
DEMIS program because the issue of loss of estuarine wetland habitat is seen as
a resource management concern common to all the Oregon estuaries, and
because baseline GIS layers collected for this purpose also constitute an
excellent starting GIS base from which to launch other estuary-related analyses.
In addition, with the 1998 and 1999 federal listings of several coastal Oregon
salmonid populations as threatened under the Endangered Species Act, an
inventory of areas with ecological potential for estuarine habitat restoration
could be a valuable starting point for non-regulatory restoration initiatives. As a
result, an inventory of potential estuarine wetland restoration sites within each
DEMIS estuary is being created by combining the digital data assembled by
DEMIS with site visits and extensive review of aerial photos and county
cadastral maps for each DEMIS estuary. The inventory will be made available to
watershed councils, and managers/decision makers at all levels. No attempt will
be made to prioritize the sites identified in each inventory. Instead, an attempt
will be made to make the database associated with the inventory as
management-comprehensive as possible, incorporating as many ecological and
social site parameters as can realistically be assembled in order to create a tool
that can be readily queried to create management action plans based on the
specific priorities of the user-group in question. Groups that utilize the DEMISbased inventory for selecting and prioritizing restoration sites may use the
inventory to construct watershed “visions” of the alternative landscape outcomes
of their actions. It is hoped that the proliferation of such tools will facilitate
more informed decision-making regarding non-regulatory estuarine wetland
restoration efforts in both the public and private/non-profit sectors, and that as a
result increases in estuarine wetland acreage will occur in such a way as to
maximize both social and ecological benefits.
DEMIS on the Web: Transitioning into Phase 3
A final aspect of phase 2 has been an expanded DEMIS web site that has been
developed to reflect the coast-wide nature of the DEMIS project objectives, and
to enhance accessibility for the public. A deliberate effort was made to ensure
that the "look and feel" of the entire site is compatible with the organizational
layout of the DEMIS CD-ROMs, and allowances were made for logical, parallel
navigation paths to the data and metadata collected for any Oregon estuary in
Phase 2 and beyond. This design is meant to ensure ease-of-use for DEMIS
users who regularly navigate both the web-site and the CD-ROM products. The
site is also intended to act as a portal to dispersed internet information about
private, non-profit, local, state, and federal estuary-related projects in both
DEMIS and non-DEMIS estuaries, and it establishes an on-line library to
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Sample Estuary Data

Nehalem Bay

Coos Bay

854 Sq. mi.

616 Sq. mi.

4 Sq. mi.

19 Sq. mi.

Watershed Area
Estuary Area
Ratio of Watershed:Estuary
Estuary Classification

214:1

32:1

Shallow Draft Development

Deep Draft Development

Nehalem Bay Habitats (Acres)

Estuarine Habitat Types

Coos Bay Habitats (Acres)

5,389

5,000

5,000

4,000

4,000

3,000

3,000

3,501

2,371
1,969

(From original survey of Oregon
estuaries)

2,000

2,000
1,043

1,032
1,000

644

402

166

695

1,000

55

23

0

0
Open Water

Intertidal Shore

Intertidal Flat

Intertidal Aquatic
Bed

Intertidal
Beach/Bar

Tidal Marsh

Open Water

Nehalem Estuary Management Units (Acres)

Estuarine Management Units

8,379

8,000

8,000

7,000

7,000

6,000

6,000

5,000

5,000

4,000

(From original estuary plans)

Intertidal Shore

Intertidal Flat

Intertidal Aquatic
Bed

Intertidal
Beach/Bar

Tidal Marsh

Coos Estuary Management Units (Acres)

4,000

3,000

3,000
1,618

2,000

2,540

2,581

Conservation

Development

2,000
970

1,000

1,000

190

0

0
Natural

Conservation

Development

Natural

Nehalem Basin Land Use

Coos Basin Land Use

Urban
0.6%

Watershed Land Use

Urban 3%
Park & Rec
2%

Park & Rec
0.5%
Forestry
96.5%

(Percent of Total Basin Area,
data based on Zoning)

Forestry
86%

Other
0.3%

Other 7%

Agriculture
2.2%

Agriculture 2%

# of Potential Restoration Sites
Identified in Estuary *

45

84

Total Area of Potential Estuary
Restoration Sites *

825 Acres

1,241 Acres

Nehalem Estuary: Potentially Restorable Acres by Ownership

Distribution of Ownership Types
of Total Potentially Restorable
Area
* (Information on potentially
restorable sites obtained from
DEMIS inventories conducted
1998-00, Fuss, Haddad, Crowley)

800

761

Coos Estuary: Potentially Restorable Acres by Ownership
800

700

700

600

600

500

500

400

400

300

300

507

372
291

200

200

100
0

33

31

Public

Mixed

0

71

100
0

Private

Corporate
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Private

Corporate

Public

Mixed

accommodate non-GIS information regarding Oregon estuaries. Currently the
functionality of the DEMIS web site is limited to access to information which is
largely static in it's nature: DEMIS web users may browse specific estuary facts,
photos and histories, view the metadata for all the GIS layers assembled for the
targeted estuaries, or order the data CD-ROM for their estuary of interest. It is
expected that as the DEMIS program and it’s site continues to grow into "Phase
3" the program will take advantage of newer on-line mapping technologies to
drastically simplify casual user access to data.
The DEMIS web-site is accessible from within the web site of it’s parent
agency, the Department of Land Conservation and Development:
http://www.lcd.state.or.us/coast/demis/core.htm. The original experiment with
online map serving of estuary plans is also still available for user browsing at
http://www.inforain.org/epb/intro.htm.

Tanya C. Haddad
Oregon Ocean-Coastal Management Program
Portland Field Office,
800 NE Oregon St #18
Portland, Oregon, 97232, USA
Phone: (503) 731-4065 x30
Fax: (503) 731-4068
Email: tanya.haddad@state.or.us
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IS THERE A THEORY OF COASTAL ZONE MANAGEMENT?
Robert Kay, coastalmanagement.com

Abstract
There may be a number of reasons why my conference abstracts end with a
question mark: perhaps the author is talking about a field he or she knows little
about and lacks confidence; or maybe an author has discovered something they
are at a loss to understand or interpret. One, or perhaps both, of these criteria
apply to this paper.
Despite the question mark, I argue that the study of coastal management theory
is an essential pre-requisite for moving the practice of coastal management
forward both in the United States and around the world. In order to do this we,
as coastal management practitioners, are going to have to knuckle down to some
serious introspection in the not too distant future. We need to be provided with
the confidence that what we are doing on a day-to-day basis is guided by some
broader framework, some plan, perhaps some common theoretical principles. I
feel that coastal management as a field of endeavor is ready to re-examine
questions on ‘why’ to the same degree of questions on ‘how’. If this proves to
be so, then we are all going to be typing an awful number of question marks on
our journey – so here goes.
Does coastal management have a set of theoretical principles and/or
philosophical constructs? Is there one theoretical framework that underpins
coastal management practice world wide? Or is coastal management more a
movement masquerading as a discipline?
Before addressing these questions it is worth considering if coastal management
needs theory. Aristotle was the first to separate theory from practice. As
summarized by (Lobkowicz 1967):
When today we oppose ‘practice’ to ‘theory’, we usually have
in mind lived life as opposed to abstract ideas, or else a man’s
acting as opposed to his ‘mere’ thinking and reflecting....For
when the (ancient) Greeks...did not have in mind abstract
doctrines in contrast to their concrete application; nor did
they ..think of the two most obvious facets on man’s concious
life, his thinking and his acting. Rather what they had in
mind was a distinction between various kinds or walks of life.
(p.3)

As a result what is called ‘theory’ today corresponds to what Aristotle called
‘contemplative life’ (Lobkowicz 1967). Thus, in the sense of Aristotle, examining
theory is concerned with taking time to think about the world. Following this
train of thought, coastal management needs theory if it is concerned not only
with its day-to-day activities, but in the considerations of why those activities
are taking place at all. Of course, it can be argued that coastal management is a
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practical field concerned with improving the conditions of coastal ecosystems
and those that use them - and as such does not need theory. This is a view of
coastal management as purely an operational practice, devoid of more strategic
elements, such as institutional design and the strategic planning of operational
practice. Clearly the modern practice of coastal management contains both
operational and strategic elements (Kay and Alder 1999). As such, some
consideration of theory would seem to apply. However, as coastal management
expands around the world, and its operations in developed countries such as
Australia and the United States matures, there is very little discussion on its the
fundamental basis. Practitioners appear to be willing to develop coastal
management programs on the assumption they are ‘a good thing’ and the ‘right
way to go’. If this is correct, then coastal management must either be a discipline
rigorous enough to be supported by its own theoretical framework, or a
convenient banner for a hotchpotch of theory, practice and principles borrowed
from any source required to achieved desired coastal management outcomes. Or
maybe coastal management lies somewhere between the ‘theoretical’ and
‘melting pot’ ends of the spectrum able to be supported both by some theoretical
constructs supporting what is considered to be day-to-day ‘best’ coastal
management practice?
Either way, it is worthwhile refocusing on the fundamental need for theory. In
taking a considered view of coastal management, theory is also a useful way of
helping practice move forward. In the words of (Eagleton 1990):
For much of the time, our intellectual and other activities bowl along
fairly serenely, and in this situation no great expenditure of
theoretical energy is usually necessary. But there comes a point where
these taken for-granted activities begin to .. run into trouble, and it is
at these points that theory proves necessary. Theory on a dramatic
scale happens when it is both possible and necessary for it to do so –
when the traditional rationales which have silently underpinned our
daily practices stand in danger of being discredited, and need either
to be revised or discredited… Theory is just a practice forced into a
new form of self-reflectiveness on account of certain grievous problems
it has encountered. Like small lumps on the neck, it is a symptom that
all is not well. p.26

So, is all not well in the world of coastal management? Do we collectively have
lumps on our necks? While this is clearly a very big question to answer in a
conference abstract, I would argue that we do. Perhaps not grievous problems,
but a problem nevertheless. There appears to be a tiredness in coastal
management, a certain lacklustre that comes from tried and tested tools and
techniques used now for so long (since the early 1970s in Australia and the
United States) that they have lost their original context, and perhaps their
original meaning. Certainly there are signs for a search for a new context for
coastal management in today’s United States. Witnessed, I believe, by the
search for new constituencies, such as NOAA’s Coastal Volunteering program,
or new meanings, such as the Living Simply movement or search for spiritual
connections with coastal environments (Paul Scholtz, pers comm 1999). If the
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mood for change in coastal management is there, then consideration of
theoretical aspects will be central to forming and leading change. If the mood for
change does not yet exist, then it is unlikely that a search for theory in coastal
management is desirable.
Let us assume that there is a need for theory in coastal management. What then,
is theory, and what could drawing from theory used in other fields of endeavor
bring us?
Theory: An idea or body of thought that purports to explain,
predict, or prescribe in any field of enquiry. (Plano, Riggs et
al. 1982) p. 159

So, theory in coastal management can seek to force us to think about new
rationalities for what we do on a day-to-day basis by categorizing and formalizing
our meanings. Theory can also be used as predictive tool, allowing us to
examine the possible implications or our management decisions.
For example, take the following aims of an imaginary coastal management
program. This (imaginary) coastal management program aims to:
1.

use only our previous experience of coastal management to develop our new
coastal management program
2. provide the maximum benefit (happiness) to the maximum number of people;
3. ensure the outcomes for sectoral interest groups are achieved;
4. become tailored to the natural resources of the coast and to the economic
and social circumstances of the coastal zone;
5. develop a networked system of legislation, regulations, policies, plans and
stakeholders which clearly identifies the relative roles of all participants in
the program;
6. develop a clear set of institutional arrangements based on logic, reason and
the separation of skills;
7. use whatever means necessary to improve the condition of coastal
resources as there is no single best way to manage the coast;
8. role up our sleeves and get on with fixing up coastal problems using
whatever means possible;
9. ensure that private property rights are not absolute, and society can
abrogate or alter the right of property when it judges these rights to be in
conflict with the public; and
10. guarantee that competitive markets for coastal resources will be produced
without the need for government intervention.
11. Solve coastal management problems using whatever tools & techniques that
work.
12. Build a coastal management system shaped entirely from the successes and
failures of previous coastal management programs.
The wording of these imaginary aims are distorted somewhat to distinguish
between different (but not necessarily independent) theoretical traditions, as
listed in order below:
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1.
2.
3.

Empiricism
Utilitarianism (Lyons 1965);
Marxism (each class is forced to represent its interests as the common
interests (Milner 1991));
4. Marxism (culture is always ideology, that is, it is conditioned by material
reality);
5. Structuralism (individual phenomena have meaning only by virtue of their
relationship with other phenomena as elements within a systematic
structure) (Milner 1991)
6. Modernism (Guillén 1994)
7. Postmodernism (Harvey 1989)
8. Amnesia or oblivion is an essential condition for any purposive action
whatsoever (Nietzche, Freud and Althusser) (cited in Eagleton (1990))
9. Economic/social theory of John Stuart Mill (cited in Landreth and Colander
(1989)
10. Classical economic theory of Adam Smith (cited in Rima (1996))
11. Pragmatism
12. Determinism
The nine aims above are somewhat of a theoretical hotchpotch, drawing
randomly from social, political, psychological and economic theory. Clearly their
translation into coastal management examples is not perfect. Nevertheless, there
are resonances in many of the imaginary aims with those contained in today’s
coastal programs. Although, some of the imaginary aims may reflect those
accepted norms in a modern developed capitalist society, there may also be some
surprises, such as Marxist or Utilitarianism theory, or apparent contradictions,
such as Modernist and Postmodernist views both appearing to make sense.
Clearly, this very brief example of some classical theoretical issues in coastal
management highlights the complexity of the issue, perhaps not surprisingly
given the diversity and intricacy of today’s coastal management programs.
Nevertheless, the exercise has also introduced a possible use of theoretical
analysis by highlighting possible internal inconsistencies and/or overlaps in
coastal programs.
Finally, it is worth reflecting on the possible impacts of considering theory in
coastal management. If there is a case for looking at coastal management theory
it is unlikely that this cannot take place without waking us to what we do, and
why we think we do it – and this ‘may always raise the possibility that we should
do something else for a change’ (Eagleton 1990 p.27). Indeed, again quoting
Eagleton, there is a danger that consideration of theory is self-destructive.
Theory is just human activity bending back upon itself, constrained
into a new kind of self-reflexivity. And in absorbing this selfreflexivity, the activity itself will be transformed….This, however,
would seem to involve a curious paradox. For one of the effects of
rendering our practices self-conscious in this way, or formalizing the
tacit understandings by which they operate, may well be to disable
them. Perhaps we only did what we did because we were not
conscious of the problematical assumptions underlying our conduct…
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If you think too hard about how to kiss someone you are bound to
make a mess out of it. (p. 27)

In conclusion, my belief is that it is time to spend much more time reflecting on
the ‘under the skin’ issues of why we are doing coastal management in the way
we do. If this is so, theoretical and philosophical thinking will play an important
role. Some possible uses of this thinking have been briefly described. Without
such self-reflection there is a risk of the practice of coastal management
becoming empiric – devoid of any theory, and so dependent entirely on trial and
error and personal experience. But like the over considered first kiss, taking a
reflective view of coastal management may lead to unexpected consequences.
We may fall in love with new ideas, new ways of managing the coast. The
question remains whether we are ready to embark on this new affair.
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YOU SAY YOU WANT A DEVOLUTION: FEDERALISM AND THE
COAST
Glenn Boledovich1 , NOAA’s National Ocean Service

Introduction
From the First Continental to the 106th Congress, federalism—the division of
power and relationship between the national and state governments—has been a
driving factor in the political and legal history of the United States.2
Understanding federalism, its history, where the balance lies today, and in which
direction it is shifting can be helpful in developing and implementing ocean
policy. Such an understanding and analysis can help explain the reluctance or
willingness of decision-makers to act and may even suggest where efforts to
influence ocean and coastal policy might yield the best results. The prevailing
thinking today is that power is devolving to the states. Whether this is true, and
the implications of the “devolution revolution” for integrating ocean policy is
discussed in the context of coastal zone management and a recent Supreme
Court decision addressing the ability of states to regulate ships in marine
commerce 3 .
Part One -- An Overview of Federalism: History, Theory, and Modern
Trends
One goal of the founding fathers was to create a stronger national government
than the loose association of ostensibly sovereign states then existing under the
Articles of Confederation. At the same time, the young nation had just ousted a
monarchy and sought to create a central government of divided and limited
powers with the states retaining some level of autonomy. Alexander Hamilton
and Thomas Jefferson were leading antagonists in the federalism debate; the
federalist Hamilton supported a strong central government. Ultimately, the
1

Glenn Boledovich is a policy analyst with NOAA’s National Ocean Service
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specializing in ocean and coastal law, the legislative process, and alternative
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2
As such, federalism is a complex and dynamic issue; it has been the subject of
extensive commentary. Interested readers are encouraged to consult materials
listed at the end of this article.
3
In a short paper, certain assumptions must be made. This article assumes the
reader has a basic understanding of American government and ocean and coastal
policy and law.
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Constitution that emerged was at best ambiguous. Differing views of federalism
did not abate and ultimately were a primary cause of the nation’s bloodiest
internal conflict, the Civil War. Until the 20th Century the prevailing theory of
federalism was that power is clearly divided between state and federal
governments like a layer cake with each having exclusive authority over certain
areas of public policy and law. A more modern view is likened to a marble cake
in which authority is intermingled and overlapping, creating interdependent and
ideally more cooperative relationships. A common argument put forward by
critics of centralized power is that it stifles state innovation. In theory, state
experimentation results in a variety of approaches that can later serve as models
for others, while centralization too often results in a rigid, one-size-fits-all
approach that fails to accommodate local or regional differences.
It is unquestioned that power became more consolidated in the central
government during the 20th century. The Franklin Roosevelt presidency is often
referenced as the high water mark of centralization. The economic crisis of the
Great Depression led to Roosevelt’s far-reaching New Deal, which was quickly
followed by the need for a strong commander-in-chief for the nation’s defense
during World War II. Since the end of the war, conflicts regarding federalism
have taken on an increasingly partisan nature. Generally, Republicans and
conservatives call for returning power to the states, while Democrats and liberals
argue that national challenges require national solutions. In addressing issues of
civil rights and poverty, the 1960s and President Johnson’s Great Society
initiatives are commonly identified as the last era of significant centralization.
Political scientists have observed that the balance of power shifts among levels
of government in cycles. Power becomes more centralized in times of crisis
such as war. When the crisis wanes, power migrates back to the states. But, in
practice power once gained is not readily surrendered—and a bureaucracy once
built is not easily deconstructed—leaving the scales forever altered in favor of
the central government. Although in times of crisis power can consolidate
rapidly out of the necessity for a unified national response, the return of power
most often lacks such a galvanizing force. Hence, devolution is at best gradual
unless there is a “counter crisis” within the central government itself. For
example, Watergate caused a crisis of confidence in the federal government, and
especially in the presidency. The “cycle of federalism” does not mean there has
been an equal shifting and rebalancing of power over time. Rather, a more
accurate depiction is a cycle with sometimes-major spikes of centralization
followed by gradual slopes of devolution. Although the Nation has experienced
challenges since the Johnson era, it has not been confronted with the kind of
crises requiring rapid and massive consolidation of power in the central
government. Thus, today we are about thirty years into a devolutionary trend
that was jump started by the Nixon era, which weakened the power of the
presidency, increased power to the Congress and opened a window of
opportunity for the states to reassert themselves.
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An overt and announced policy by national leaders to return power to the states
does not by itself seem to have dramatically accelerated the modern
devolutionary trend. For 20 of the 24 years between 1968 and 1992, presidents
who championed states’ rights controlled the White House. But by almost any
measure the size and scope of the federal government expanded under all three
administrations. In 1994, Republicans won a majority in the House of
Representatives and control of both houses of Congress for the first time in 40
years. A cornerstone of their “Contract with America” was reducing the size
and scope of the central government and returning power to the states. Although
some relevant legislation has been passed, after six years it can hardly be said
that a major acceleration in devolution has resulted. Rather than leading the
way, national politics seems to be following the current devolutionary trend.
Thus, having a Democratic president declare the “era of big government is over”
and the rise of a Congress intent on reducing federal power is more a reflection
or result than a cause of devolution. In any case, accelerating the pace of
devolution has proven difficult to legislate even when leaders have made it a
priority. One reason is that it is simply difficult to reallocate power once it
becomes centralized and consolidated. Centralization has created national
constituencies that have grown dependent on federal programs, policies and
funding. Devolution also lacks a unifying voice. By its very nature, it
encourages diverse viewpoints resulting in faction and a lack of consensus.
While the legislative and executive branches of the federal government struggle
with the politics of federalism, legal and constitutional issues of federalism often
end up in the federal courts. Indeed, perhaps the most direct and lasting
influence a president can have on federalism is through the power to appoint
permanent members to the federal judiciary, including Supreme Court justices.
The final arbiter of the Constitution is the U. S. Supreme Court. In an 1819
case, McCullough vs. Maryland, the Court made clear that the Constitution
created a compact directly between the central government and the people, not
the central government and the states. Further, the Court found that in addition
to the limited, enumerated powers the federal government also had ancillary
powers as “necessary and proper” to execute its duties. Finally, it found that if a
federal law is within the scope of these powers, then the “supremacy clause”
prohibits states from interfering with its implementation.
Over time, the Court has developed a complex regime for the review of
federalism cases based on principles of preemption. In most federalism cases,
central issues are (1) whether the central government acted within its
constitutional powers; and (2) if so, is it an area limited exclusively to the
central government and/or to what degree states are able to act in the same area.
Packed with Roosevelt-era appointees, the Supreme Court of the late 1950s and
1960s expanded the scope of central power under the Constitution, especially in
matters concerning civil rights. This view became more restricted as later
appointees began to exert more control on the Court in the 1970s and 1980s.
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Federalism is not, and was not intended to be, static. It is a dynamic and flexible
relationship that has changed and will continue to change. The current
devolutionary trend could be altered immediately by a national crisis and it
surely is being influenced by other factors. The end of the Cold War arguably
bolstered devolution by reducing a unifying threat to the Nation. The rise in
power of interest groups has created powerful political forces not associated
with any government, many of which tend to focus primarily on federal policy.
Global markets and economies may work to slow devolution because they tend
to focus attention on the Nation’s place in the world instead of the states’ place
in the nation. Dramatic advances in communications and computer technologies
certainly are having an impact. One result is that the world has become, for lack
of a better term, “smaller” by dramatically enhancing individuals’ access to
information and their ability to communicate with others. Although it is unclear
how federalism might be impacted, borders and geographical boundaries are
readily transcended (and perhaps made less relevant) in cyberspace.
Barring a galvanizing crisis, the devolutionary trend is likely to continue.
Although devolution implies returning to some pre-existing relationship, we will
not return to “layer-cake” federalism with clear boundaries of authority between
the central government and the states. Our laws and society have gotten too
complex, and the relationships between federal, state and local governments are
too intermingled to untie. A more likely scenario is that partnership and
continued intergovernmental cooperation will result in a continued mixing of the
“marble cake” regime. Congress has recently tried to actively devolve power.
But typically it grants states more discretion in implementing federally funded
programs, leaving oversight and the ultimate power—funding levels—under
federal control. An important factor facilitating further devolution is that state
and local governments have grown and dramatically expanded the expertise and
professionalism of their workforces. A key point is that in the absence of crisis
devolution begins to occur independent of overt actions to devolve power by
national political leaders. Devolution creates an opportunity for states to assert
more power, whether and to what degree they act will vary from state to state.
Part Two – Devolution and Environmentalism: The Ebb and Flow of
Federalism in the Coast
Most of the Nation’s major environmental laws, including most major ocean and
coastal laws, were passed in the 1970s during the waning days of the last
significant cycle of centralization when the current devolutionary trend was
beginning to take root. Thus, implementation of these far-reaching federal laws
to curb pollution and protect natural resources has always been in tension with
the ongoing trend to devolve authority to the states. But, devolution in and of
itself is not necessarily bad for the environment. Rather, the populist notion of
devolution is often used as ruse for a less popular agenda. Teddy Roosevelt
once said, “The effective fight against adequate government control and
supervision . . . is chiefly done under cover, and especially under cover of an
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appeal to states’ rights.” When control of Congress shifted in 1994 many
environmentalists agreed, concluding that the new majority’s pro-devolutionary
platform had more to do with relaxing federal environmental regulations than
enhancing states rights.
This assessment seems to be correct, because when it comes to the environment
the much-vaunted congressional goal of devolution seems to be shamelessly
forsaken in favor of easing environmental and land use regulation by all levels
of government. An example is H.R. 2372, the Private Property Rights
Implementation Act, which was passed by the House on March 16, 2000. It
would allow persons who believe that their property has been taken without just
compensation by federal, state or local governments to seek redress in federal
courts without having to first exhaust available state and local remedies.
Opponents contend developers will use the bill to intimidate state and local
governments by threatening expensive and protracted litigation in federal court
if projects are rejected by local or state action. The bill’s primary supporter is
the National Association of Home Builders. By subjecting local land use
decisions to federal jurisdiction, this legislation directly undercuts devolution
and the historical preeminence of state and local authorities over land use
planning and zoning. It is difficult to rationalize how the leadership of the
House of Representatives, which professes to be committed to devolution,
supported passage of a bill that is opposed by the National Governor’s
Association, the Council of State Governments, the National League of Cities,
and the National Association of Counties.
A significant level of conflict between federal and state authorities has marked
federalism in the coastal zone in the last half of the 20th century. The conflict
most often has centered on ownership and development of oil and gas resources
under the coastal seabed and outer continental shelf. In a landmark 1947
decision, United States v. California, the Supreme Court said the federal
government required paramount rights in coastal waters, including rights over
oil and gas resources, because of its responsibilities over foreign policy, defense
and interstate commerce. The upheaval following the decision led to
congressional passage in 1953 of the Submerged Lands Act, granting states
rights to the lands and resources of their territorial seas; and the Outer
Continental Shelf Lands Act, granting federal control over the seabed of the
continental shelf beyond state boundaries. After another flurry of litigation, by
1960 the extent of states’ seaward boundaries were established at three miles,
except for the Gulf Coast of Florida and Texas boundaries, which were found to
be nine nautical miles.
If we have been in a devolutionary cycle for nearly 30 years, we would expect to
see activist coastal states attempting to exert more influence and control in their
coastal areas. We have and conflict between federal and state authority often
has resulted. Often this conflict has stemmed from the consistency requirements
of the Coastal Zone Management Act (CZMA). Enacted in 1972, the CZMA is
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a model for how the national government can enlist state support to meet
national objectives without imposing upon local autonomy. State participation
is voluntary and the CZMA does not encroach upon the long-standing precedent
of local control over land-use and zoning. States are given broad discretion and
federal funding to design and implement their coastal management plans.
Perhaps the most unique and devolutionary characteristic of the Act are its
consistency provisions, which require federal agencies to act consistently with a
state’s coastal plan to the maximum extent practicable. Not surprisingly, these
provisions have been controversial and at the center of many subsequent
federal/state conflicts.
One might expect that proponents of devolution would embrace the CZMA and
consistency. Yet, as has been the case with other environmental concerns, such
support has not always been forthcoming.
For example, despite its
devolutionary “new federalism” policies, the Reagan administration did not
support the CZM program and even sought its elimination. It was especially
irked by several coastal states’ use of consistency to thwart federal outer
continental shelf oil and gas development. The conflict rose to the Supreme
Court, which in 1984 ruled that the consistency provisions of the CZMA do not
apply to federal activities taking place outside the boundaries of a state’s coastal
zone. After a concerted effort by coastal states and others, Congress
subsequently overturned that decision in the 1990 reauthorization by clarifying
that consistency also applied to federal activities taking place outside the coastal
zone that affect the lands or waters of the coastal zone. In 1995, Congress
reauthorized the CZMA for three years, making only minor changes. However,
the current reauthorization has stalled. The House Resources Committee
reported a bill that, like H.R. 2372, contains language adding superconstitutional protections for property owners. It also stripped out language
supporting implementation of the nonpoint pollution plans states have been
developing since 1990.
But devolution is alive and well in the coastal zone. Activist coastal states have
taken advantage of the trend by becoming more assertive in addressing ocean
and coastal issues. Often within the context of the CZMA, they have undertaken
major studies and established programs, laws and policies concerning their
coasts and sometimes have included ocean areas beyond their jurisdiction. For
example, California, Oregon and Washington all have policies and laws
regarding new offshore oil and gas development. Oregon’s policy places a
priority on living marine resources and addresses ocean issues up to 80 miles
offshore. Washington has banned offshore oil and gas development. California
recently completed a major review and report of its ocean and coastal policies
and is moving forward with legislative and administrative actions to implement
the report’s recommendations. Other states that have engaged in extensive
coastal and ocean planning include Hawaii, Maine, Mississippi, Florida, and
North Carolina.
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Some of these policies may lead to conflict with federal priorities and end up in
the courts. Most recently in March 2000 the U.S. Supreme Court ruled 9-0 in
United States v. Locke that most of the State of Washington’s laws regulating
oil tankers in Puget Sound were preempted by federal law. Twenty other states
and several environmental groups submitted briefs in support of Washington
State. The federal government joined the suit on the side of the tanker owners,
arguing that international treaties and extensive federal laws and regulations
governing oil tankers leaves no room for states to act in this area. The Court
found that the comprehensive federal scheme means the federal government has
“occupied the field,” requiring states to yield under the Constitution’s
Supremacy Clause. The decision does leave room for some state rules
addressing issues peculiar to local waters. Also, the ruling extends primarily to
onboard activities such as manning requirements, equipment and vessel
specifications. States can continue to impose penalties for oil spills as is
provided for in the Oil Pollution Act of 1990 (OPA). In reaching its decision,
the court noted the long-standing federal interest in marine commerce. It found
that Congress has acted in this field on many occasions and concluded that an
underlying purpose of Congress in passing these laws was to provide for
uniformity in regulations.
Like many court cases, the Locke decision raised as many questions as were
resolved. Certainly the decision was a blow to the efforts of Washington and
other states to regulate oil tankers. What is less clear is how the case reflects on
the ability of states to regulate other aspects and impacts of marine commerce.
For example, the introduction of aquatic nuisance species through ships’ ballast
water and pollution from cruise ships are emerging as important environmental
challenges for many coastal state and local governments. There already are
federal and state laws governing both these areas and legislation is pending in
several other states and localities. Can or should states regulate these activities
in their own waters? Or, like Locke, are these issues of overriding federal
concern because they relate to marine commerce? Is Congress likely to amend
current law and support devolving more authority to the states? One lesson of
Locke is that there is no simple, across-the-board balance of federalism for all
ocean and coastal issues. Rather, the specific activity at issue and the degree to
which Congress has acted requires a case-by-case analysis.
Conclusion
Policy makers tend to get caught up in the specific duties and issues of the day.
Rarely do we have the luxury of stepping back and viewing today’s events in a
larger context. Yet, at any given time many forces are influencing our ability to
achieve our policy objectives. An underlying purpose of this essay is to serve as
a reminder that federalism is one of those factors. One conclusion would seem
to be that the pro-devolution rhetoric and hype so popular in recent years seems
to greatly outweigh substantive action on its behalf. Rather, devolution has a
slow but steady inertia of its own that is likely to continue in the absence of a
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national crisis. Often it is difficult to conclude precisely how shifts in
federalism, including the ongoing trend toward devolution, are impacting ocean
and coastal policy. But, while devolution’s impacts may not be immediately
obvious, over time it does make its mark on the political landscape.
For example, since 1998 there have been legislative initiatives to create an ocean
commission similar to the Stratton Commission, which in 1968 issued it
landmark report, “Our Ocean Future.” The initial bill mirrored legislation
passed more than thirty years ago. Considering the political and legal history
discussed above, it comes as no surprise that the offshore oil and gas industry
has been leading efforts to stall this legislation. But, issues of federalism have
also been a cause of concern in Congress. Many of the proposed amendments
represent efforts to create an enhanced role for states. The legislation passed by
the House deleted language creating an ocean council exclusive to the federal
government. The House also required a geographical balance be factored into
choosing the commissioners and added a requirement that the governors of
coastal states be allowed to review and comment on the commission’s draft
report. It seems clear that any ocean commission authorized by Congress today
will need to be more inclusive of state interests than the more federal approach
used thirty years ago. That’s devolution.
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STUDIES ON A STRUCTURAL MODEL FOR COASTAL ZONE
MANAGEMENT
BASED ON UTILIZATION CHARACTERISTICS
Asami Shikida, Faculty of Environmental Systems Engineering
Kanazawa Institute of Technology, Japan

Abstract
The coastal zone is a complex natural system consisting of a marine and a
terrestrial environment. It is used excessively by a variety of coastal users
because of its important resources. This study attempts to analyze the utilization
characteristics of the coastal zone to formulate a structural model for the coastal
zone management. The results show that the utilizations can be classified into
three key categories, namely, profitable and non-profitable use, by local
residents and non-local residents, in limited numbers and large anonymous
groups. These user groups conflict with each other. In order to describe the
relationships between utilization, environmental protection and management, the
author proposes a triangular pyramidal model consisting of three apexes
representing industrial use, non-industrial use, and environmental protection
with a pinnacle representing the coastal zone management. Effective coastal
zone management will strive to keep the balance between these three apexes.
Introduction
The coastal zone is a narrow path which stretches along the coastline covering
the shallow waters of the sea and the adjacent land. The terrestrial environment
and the sea are closely dependent on each other. For an island country like
Japan, the coastal zone is an especially important space where about half of the
Japanese population lives. It is also the locus of many economic and industrial
activities, such as those linked to fisheries and marine transportation. In
addition, it is one of the preferred natural environments for various leisure
activities.
Problems arise in the coastal zone when resources and space are over- or poorlyutilized, and when the environment’s ability to sustain itself is compromised.
Conflicts of interest between commercial and recreational fishing are typical of
the problems encountered in the coastal zone. Destruction of the beach
vegetation by heavy four-wheel-drive traffic on sandy beaches is another
example of the destruction of the balance between utilization and conservation.
The fundamental reason behind such conflicts is the absence of a uniform
coastal zone management system. Although there are no rational boundaries
between coastal activities, administrative boundaries have been drawn. One of
the countermeasures to reconcile this situation is to establish synthetic coastal
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zone management, also referred to as Integrated Coastal Zone Management
(ICZM) (Coughanowr, Ngoile, and Linden, 1995; Clark, 1998). Seldom
established, the few past implementations have proven successful. One other
measure is to carry out joint management among managing bodies. However,
this system does not often work appropriately and has been shown to yield even
more complicated problems.
These difficulties emerge partly because of the lack of understanding of the
utilization and management structure in the coastal zone. Therefore the key to
creating an effective coastal zone management system is to develop a useful
model for both utilization and management. Although, several studies have
been published on this issue, only a few excellent studies (Kay and Alder, 1999)
have recognized the importance of the management structure of the coastal zone.
A discussion of coastal zone management based on a clear picture of the
management and utilization structure appears to be overdue. Information
collected on the utilization of the coast could greatly contribute to the
development of an appropriate management scheme. In this study, the coastal
zone utilization was investigated with the purpose of suggesting a future
integrated coastal zone management system. In addition, a structural model of
the integrated coastal zone management based on utilization characteristics was
developed.
Characteristics of Coastal Utilization
There are many different uses and users of the coastal zone. Such complicated
utilization scheme is called multipurpose utilization or multiple utilization. In
this study, it is defined as "polyphyletic utilization" from the standpoint that the
many kinds of utilization, although not mutually exclusive and independent,
form the whole coastal zone utilization.
The coastal zone utilization is currently classified by form (e.g. OECD, 1993).
Although this approach may be effective for individual problem solving among
individual users, it is seen as ineffective in an integrated approach to coastal
zone management that must control conflicting interests with regards to
resources. Matsumoto (1992) describes a consensus building system for the
utilization of the sea area where only the parties concerned with the problem and
its solution participate in a consensus building process early on. In order to
manage these diverse interests, it seems important to investigate the utilization
characteristics of the user groups in the coastal zone. Therefore, in this study,
characteristic differences in the coastal zone utilization (not individual users) are
examined. Based on this idea, the classification was carried out from three
standpoints. These standpoints are industrial versus non- industrial utilization,
use by local residents versus non-local residents, and small number of specific
users versus large number of unidentified users. These standpoints organize the
coastal utilization in terms of purpose, subject, and form.
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The first standpoint, industrial utilization versus non-industrial utilization,
addresses the purpose of utilization. Industrial utilization represents utilization
for profit-seeking, while non-industrial utilization is done for nonprofit purposes
such as marine leisure and recreation.
The second standpoint, local resident users versus non-local resident users,
categorizes the subject responsible for the utilization of the coast line. It is
generally accepted that the local residents should be the main decision-makers
with regards to the utilization of local resources. Indeed, the participation of
local residents is a key element in achieving sustainable use of the environment.
The third standpoint, large number of anonymous users versus small number of
specific users, deals with the utility form. In the utilization of various resources,
accessibility to the resources is the key to good resource management. It is
possible to track all users when access to the resources is limited (except when
utilization is completely forbidden). By contrast, users’ identification is likely
to be difficult in case of open access.
Industrial Utilization and Non-Industrial Utilization
Non-industrial utilization is the not-for-profit individual utilization. Examples
of non-industrial utilization include coastal recreation and tourism. Individual
users fundamentally do not pursue profit. Enterprises in the boating and tourism
industry are not included in this category. Inclusion is judged on an individual
basis. There exist clear differences between the two user groups. Features of
the non-industrial utilization include difficulty in quantifying and monitoring
utilization and concentrated utilization in the summer. In addition, it is unlikely
that non-industrial utilization is managed by institutions, as the pattern of use is
temporary and discontinuous.
Local Residents and Non-Local Residents
One remarkable trend observed in recent coastal zone utilization is that users
come in from outside the local region thanks to the development of public and
private transportation systems such as the automobile. These non-local residents
are likely to lack knowledge, consciousness, and experience with respect to the
coastal environment. It is generally accepted that local residents are more
familiar with local coastal environment than non-local visitors. It is possible to
divide the user groups of the coastal zone from this standpoint.
Large Number of Anonymous Users and S mall Number of S pecific Users
This category deals with whether or not users can be clearly identified. It is
easier to characterize the status of utilization carried out by a fishery because
each usage is categorized based on some fishery act and permit system.
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However, the monitoring of coastal recreational activities can be much more
difficult.
Utilization Characteristics and Structure of Mutual Relationships
These coastal utilization characteristics, classified in three categories, are not
mutually exclusive. Coastal recreation is often carried out by a large number of
anonymous non-industrial users coming from outside the local region. For
example, in the summertime in Japan, it is observed that 70% of the sea bathers
visiting the local beach came from outside of the area (non-local residents). By
contrast, the reverse is observed in the fishery industry. In the case of utilization
by coastal fisheries, most employees are regional residents belonging to the
fishery cooperative. In this case, there is industrial utilization by a small number
of specific users living in the area. This can be schematized as shown in Figure
1.

Industrial utilization

Non-industrial use

Local residents

Non-local residents

Anonymous large
number of users

Small number specific
users

F i g u r e 1 . Classifications of the coastal utilization by nature and conflicting
relationships b e t w e e n two user groups.

The environmental protection of the coastal zone cannot be disregarded, even if
the balance between both user groups is kept steady. This is because utilization
of the coastal zone is heavily dependent on the coastal environment. A solution
devised by individual concerned parties typically lacks consideration for the
environment and resources. It is frequently accompanied by the depletion of
resources and results in increased externalities. Therefore, it is strongly
recommended to consider the environmental protection and resource
management standpoint in addition to the utilization standpoint. This relation is
shown in Figure 2. In this case, non-industrial and industrial utilization and
environmental protection form a triangle. It is clear from Figure 2 that
maintaining balance between these three factors is critical. The same suggestion
was made by Kelleher and Kenchington (1990) based on a study of the Great
Barrier Reef in Australia.
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E n v i r o n m e n t a l protection

N o n -i n d u s t r i a l
use

Industrial
use

Figure 2. Triangular model describing the relationship
between user groups and the environmental protection
( a n e x a m p l e o f i n d u s t r i a l a n d n o n -i n d u s t r i a l u s e ) .

It is possible to apply this triangular model to two other characteristics, namely,
large number of anonymous versus small number of specific users, and local
versus non-local residents by adding the environmental factor. Keeping the right
balance in these three triangles should be the aim of the coastal zone
management.
It is also important to recognize that the balance is not automatically maintained
but that it can be achieved through effective coastal zone management. The
author thus proposes that a management factor be added to the triangular model.
The newly developed model with management factor is shown in Figure 3. The
management factor is located at the top of the tetrahedron. Symbiosis among
users and the environment is likely to be achieved when the shape of this
tetrahedron is well balanced.
Management

Industrial
use

Non -i n d u s t r i a l
use
Environmental protection

Figure 3. Tetrahedron structura l model of the coastal
zone management (an ex ample of
n o n -i n d u s t r i a l u s e ) .
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Conclusion
In this study, coastal zone utilization characteristics were examined in order to
develop a management model for an integrated coastal zone management
system. The study mainly concentrated on the characteristics of use rather than
on the types of individual coastal zone utilization.
As a result, the utilization of the coastal zone was organized based on the
following scheme:
industrial utilization versus non-industrial utilization. The increase in nonindustrial utilization, such as coastal recreation, has resulted in frequent
conflicts.
Utilization by non-local residents versus local residents. Utilization by nonlocals has increased as people become more mobile. Consequently, conflicts
have been observed more often between non-local and local residents.
Large number of anonymous users versus small number of specific users.
Conflicts also occur in this category.
It was shown that the above standpoints were not mutually exclusive.
In addition, environmental conservation in the coastal zone management should
be considered so as to sustain or improve the current environmental conditions.
A triangular model was presented to describe these three factors. Finally, the
author proposes a triangular pyramidal model consisting of three apexes
representing industrial use, non-industrial use, and environmental protection
with a pinnacle representing effective coastal zone management. It is suggested
that the goal of the coastal zone management is to manage the conflicts among
users as well as keeping the balance between use and conservation of the
environment.
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ABSTRACT

TOWARDS THE INTEGRATION OF COASTAL FISHERIES INTO
INTEGRATED COASTAL ZONE MANAGEMENT IN COSTA RICA:
THE GULF OF NICOYA FISHERY CASE
Moisés Mug-Villanueva and Jorge Campos-Montero
Institute for Coastal and Marine Resource (INRECOSMAR)

Coastal fisheries in Costa Rica are declining as a consequence of overfishing
and lack of appropriate management measures. This trend is particularly
dramatic for the Gulf of Nicoya fishery where catches haved dropped from mean
year production of 5539 MT in the 70’s to a mean year production of 3402 MT
in the 90’s. This loss in productivity (38.5%) have greatly impacted artisanal
fishermen as well as industrial fishermen incomes and is the cause of dispute
over resource allocation.
Though much of this decline is associated to an increase in fishing effort and the
introduction of nonselective gears such as multi-mesh size gillnets and trawl
nets, recent research shows signs of cumulative impacts from pollution and
habitat deterioration. Hence, declines in the biological productivity of this
tropical gulf can be explainned from the interaction of unplanned coastal
developments and overfishing.
This type of scenario calls for an integrated approach to design and implement
fishery management measures within the context of integrated coastal zone
management. Participation of fishermen communities and clear understanding of
management actions, such as protection of essential fish habitats, are key
elements to draw support in the implementation process. This paper describes
how fishery interests are being integrated into a coastal zone management plan
for the Gulf of Nicoya and discuss how this experience can be expanded to other
coastal fisheries in Costa Rica.
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THE ROLE OF COMMUNITY AQUACULTURE IN RESTORATION
OF CHESAPEAKE BAY OYSTER REEFS
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College of William and Mary
Robert D. Brumbaugh, Chesapeake Bay Foundation, Inc.
Francis X. O’Beirn & Laurie A. Sorabella, Virginia Institute of Marine Science,
College of William and Mary

Demise of oysters in Chesapeake Bay
Biogenic reefs formed by the eastern oyster, Crassostrea virginica, were once
prominent features of the Chesapeake Bay, and other estuaries along the U.S.
Atlantic coast (Luckenbach et al. 1999a). These reefs not only provided critical
habitat for the survival and growth of oysters, but it is becoming increasingly
clear that they were important habitat for other commercial and non-commercial
species (Coen et al. 1999). Additionally, the oysters and other suspension
feeders on these reefs were important in controlling water quality,
phytoplankton abundance and food web structure within the Bay and similar
estuaries (Newell 1988; Ulanowicz and Tuttle 1992; Dame 1996).
Overfishing, pollution and disease are most commonly cited as the causes for
the virtual collapse of once productive oyster fisheries in the Chesapeake Bay.
In Virginia, the sustained presence of two parasite-induced diseases (MSX
[caused by Haplosporidium nelsoni] and Dermo [caused by Perkinsus marinus])
since the late 1950’s has been particularly devastating to oyster populations.
However, it is likely that heavy fishing pressure over the previous 125 years,
which virtually eliminated natural oyster reef habitat and altered population
structure, fundamentally changed host-parasite relations and contributed most to
this decline.
Reef restoration and development of bioreserves
Restoration of oyster reef habitat is now generally considered crucial to the
development of a sustainable fishery for oysters and ecological rehabilitation of
the Chesapeake Bay (Hargis and Haven 1999; Breitburg et al. 2000).
Partnerships between federal and state agencies, NGO’s and the public have
been developed to address this issue and there is broad consensus that oyster
reef sanctuaries need to be established. From a management perspective, there
are only three things that can be done to restore oyster reefs: (1) place substrate
(usually oyster shell) on the seafloor, (2) restrict harvest, and (3) (when
recruitment limitation is evident) add brood stock. Each of these activities
requires considerable investment of public funds and political support.
Currently both state and federal funds are being used to purchase and plant shell
substrate to form the bases of reefs. Harvest is restricted under state jurisdiction
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and oyster brood stocks have been added to reefs. However, the costs associated
with the stocking of these reefs with oyster brood stocks can be prohibitively
high. Moreover, it can be particularly difficult to gain political support for the
development and maintenance of oyster reefs to serve as both bio-reserves and
brood stock sanctuaries in the face of pressure from commercial fishermen to
continue intensive harvesting. Here we discuss the on-going role that
community-based citizen involvement is playing in this restoration process, both
in providing oysters for stocking the constructed reefs and in supporting the
concept of ecological habitat restoration.
Development of oyster aquaculture and "oyster gardening" in Virginia
Over the past decade we have been developing and refining techniques for the
intensive culture of the eastern oyster in disease endemic areas. The basics of
the approach which has emerged is a strategy which depends upon selective
breeding, management around disease and rapid growth to market (Luckenbach
et al. 1999b). Selective breeding programs have been carried out over the past
decade with the expectation of making modest improvements in disease
tolerance and growth rates, not developing an entirely disease resistant oyster.
Recently, a multi-investigator, multi-institutional research program, the
Cooperative Regional Oyster Selective Breeding (CROSBreed) program
(DeBrosse and Allen 1996) has succeeded in producing a particularly hardy
strain of eastern oyster, which has subsequently been distributed to commercial
hatcheries in the mid-Atlantic. This strain shows good tolerance for Dermo and
MSX and rapid growth in mid salinity (~10 – 25 ppt) environments. Continued
selection efforts within the program are attempting further improvements.
Management around diseases is generally accomplished by delaying spawning
in the hatchery until mid to late summer, resulting in seed oysters ready for field
planting in the fall when there is a reduced likelihood of disease exposure
(Luckenbach et al. 1999b). Rapid growth is best achieved in Virginia waters by
the careful selection of growing sites and the use of off-bottom cage culture.
Based upon this simple strategy a commercial oyster aquaculture industry has
developed in Virginia over the past several years.
An unexpected consequence of the development of commercial oyster
aquaculture techniques in Virginia has been a remarkable growth in the numbers
of individuals engaged in non-commercial culture. “Oyster gardening”, as it has
been termed, generally involves private landowners with waterfront property
growing a small number (usually 2,000 – 10,000) of oysters in floats adjacent to
their docks. We estimate that there are currently over 2,000 individuals involved
in oyster gardening in Virginia and a smaller, but growing number in Maryland.
Baywide over 150 school classes and several thousand school kids are also
participating in oyster gardening, primarily under programs organized by the
Chesapeake Bay Foundation (CBF), a private, non-profit environmental
education and advocacy group. The motivation for oyster gardening is varied
and includes private consumption, an educational activity, and environmental
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restoration. Until recently the principal environmental benefit sought by oyster
gardeners was filtration of the eutrophic waters of the bay, a laudable, though
perhaps naïve objective given their modest numbers of oysters. Recently,
however, an increasing number of the gardeners are becoming involved in the
reef restoration efforts by growing oysters for stocking onto the reef sanctuaries.
Reef stocking programs
The addition of brood stock oysters to restored reef bases as a means of
enhancing recruitment and “jump starting” reef development first gained the
attention of resource managers and researchers in Virginia in 1996, when wild
caught oysters were concentrated on a reef constructed in the Great Wicomico
River, Virginia, and oyster recruitment levels subsequently increased by several
orders of magnitude after one spawning season (Southworth and Mann 1998).
The supposition is that the concentrating of large brood stock oysters on a reef
sanctuary offers not only a protected spawning stock, but also increased
fertilization efficiency because of the close proximity of stocked oysters relative
to oysters that are dispersed in the wild. Beginning in 1997, CBF initiated a
citizen-based volunteer program to participate in oyster restoration efforts
(Brumbaugh et al. 2000). By 1999, this program had expanded in Virginia to
include 55 middle and high school classes and approximately 250 citizen
volunteers growing oysters for stocking onto reef sanctuaries. Using juvenile
CROSBreed oysters purchased from a commercial hatchery and following
standard oyster gardening techniques, the school classes involved in this project
grew approximately 125,000 oysters from 15.6 mm to 36.4 mm in length
between September 1998 and May 1999 (Brumbaugh et al. 2000). In May1999
these oysters were planted at high density (~250/m2 ) onto shell bases of reef
sanctuaries established in the Lynnhaven and Elizabeth Rivers in the lower
Chesapeake Bay. Both of these tributaries have low densities of wild oysters
and recruitment levels have been low for many years. Nevertheless, surveys of
the reefs conducted in October 1999 revealed densities of new recruits averaging
178 and 89 /m2 on the Lynnhaven and Elizabeth River reefs, respectively. A
similar project was initiated in 1999 as a collaboration between CBF, the
Virginia Marine Resources Commission and the Virginia Institute of Marine
Science in the Lafayette River, a tributary of the Elizabeth River, with the
construction of two reef bases using oyster shell. Thirty thousand brood stock
oysters were planted on the reefs in 1999 and another 100,000 oysters, currently
being grown by 42 school classes, are slated for deployment on the reefs in May
2000. Several organized “oyster gardening clubs” throughout Virginia and
Maryland have also begun to contribute oysters to serve as brood stocks on reef
sanctuaries at other locations in each state. Media attention to these projects and
a growing number of inquiries suggests that public support of these efforts will
continue to increase.
The ultimate effectiveness of these brood stock enhancement projects remains to
be judged, but early indications are promising. Unlike most other shellfish stock
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enhancement programs, these efforts are not intended to support a put-and-take
fishery. Rather, their objective is to enhance recruitment and accelerate the rate
at which self-sustaining, biogenic reefs develop. To date in at least three
tributaries of the Chesapeake Bay (Great Wicomico, Lynnhaven and Elizabeth
Rivers), we have observed increased recruitment presumably attributable to
brood stocks concentrated onto reef sanctuaries. Absent genetic markers to track
particular stocks of oysters, it is not possible to confirm the origin of particular
recruits to a reef, but inferential evidence suggests that the oysters stocked onto
the reefs are contributing to the enhanced recruitment, either as a source of
larvae or as an attractant to settling larvae.
An under appreciated issue relative to this convergence of aquaculture and
restoration activities is concern about the genetic composition of the oysters
used to stock reefs. Oysters that have undergone strong directional selection for
use in aquaculture are not necessarily the best suited for ecological restoration.
While the traits conferring reduced susceptibility to the two common protozoan
pathogens are presumed to be desirable in restored populations, it is not clear at
this point what the longer-term consequences would be of reduced genetic
diversity in these stocks. The use of wild oysters as spawning stocks for
restoration projects remains a viable alternative to aquaculture stocks as does the
development of oyster stocks specifically for restoration.
The most significant contribution of the community-based efforts in oyster reef
restoration comes not solely from the oysters that they provide, but from the
development of a new constituency for oyster restoration. Despite a recognition
for over 100 years by scientists and many resource managers that oysters within
the Chesapeake Bay were being overhavested, the political will to curtail the
excessive harvest has been difficult to sustain in the face of pressure from
fishing interests. The large numbers of oyster gardeners contributing to the
restoration efforts and the increasing state of public awareness about the
ecological value of oysters and the habitats that they build has helped to
galvanize political support for the concept. We assert that, with continued
public involvement, current restoration efforts are likely to succeed, where
previous ones have failed, in restoring ecologically functional oyster reef
habitats to the Chesapeake Bay.
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OVERVIEW OF MANAGING COASTAL RESOURCES
Terry A. Nelsen, Ocean Chemistry Division
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“The population of the world at mid-century was 2.5 billion; some time in 1987
it passed five billion. The increase in the past 40 years has equaled the total
increase over the millions of years from when the human species emerged until
1950” (Keyfitz, 1989). Since then the earth’s population has passed the six
billion mark (August, 1999) which serves to underscore not only our growing
dependence on natural resources but more importantly the concurrent growing
influence of anthropogenic impacts on our environment. To this end we need to
become better managers of these finite resources through decision-making based
on credible scientific studies and monitoring efforts.
Figure 1 summarizes why the coastal ocean is important to us, the pathways by
which we can influence this zone, and the anthropogenic byproducts that may be
introduced.
Figure 1.
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Moreover, approximately 50% of the world’s population today is believed to
currently live within 60 km of a coastline. In addition to continental runoff and
atmospheric deposition, sewage outfalls and offshore dumping (Figure 2) add
significant amounts of materials to our coastal oceans. Frequently, some are
near valuable natural amenities of economic interest such as fishing grounds and
fish-stock nursery areas, coral reefs and coastal recreational areas.

Figure 2. Conceptual diagram of anthropogenic influences in the coastal ocean.
As scientists and managers, we need to understand the sources, pathways and
sinks of allochthonous materials. This can be accomplished through adequate
scientific investigations of natural systems and long-term monitoring efforts to
understand changes so that informed management decisions can be made.
To this end the papers of this session will address: 1) amenities monitoring in
the location of disposal activities (McArthur et al.); 2) describe Expert Systems
(artificial intelligence) which can help alert and inform us of near real-time
changes and help us with data management (Hendee); as well as 3) examples of
ecosystem management (Delaney); and 4) linkage to the economy (Leeworthy).
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AMENITIES MONITORING FOR DREDGED MATERIAL DISPOSAL
MANAGEMENT
Christopher McArthur & Roland Ferry, USEPA Region 4, Water Management
Division & Coastal Programs
Proni, John R., US DOC/NOAA/AOML/Remote Sensing Division
Abstract
Valuable amenities are present throughout US coastal waters, from coral reefs,
to oyster beds, to coastal fisheries. In essentially every case in which navigation
and/or maintenance dredging is contemplated, the issues of potential impact of
dredging activities on nearby amenities arise. In order to evaluate that potential
impact, long-term monitoring of amenities is required. Key management issues
related to amenities include: 1) reduction or elimination of dredging impacts, 2)
scheduling ('windows') for dredging and dredged material disposals, 3)
monitoring of transport to, and effects upon amenities, and 4) compliance with
defined procedures for dredging activities. While the data needed for
management decisions may vary from location to location, certain basic
measurement needs appear almost universally: 1) characterization and
quantification of dredged sediments arriving at amenities sites, 2) determination
of 'natural' sediment ranges at amenities sites, 3) photosynthetic light reductions,
4) sediment resuspension and transport, and 5) other sources of materials of
potential impact to amenities sites. Dredging and disposal must also be
considered in the context of temporal 'windows'. In the Miami Offshore
Disposal Site project, data for management of dredging activities is coordinated
between the disposal and amenities (coral reef) sites where dumping windows
are determined by realtime current meter data, indicating potential transport to
the reef site. In the Pacific Northwest, 'curtains' of dredge related sediment may
inhibit upstream spawning activities of valued fisheries resources and thus they
are subject to similar temporal windows.
Introduction
Each year about 400 million cubic yards of sediment are dredged in the United
States by federal, state and local governments, and private interests such as
marinas, in order to keep the nation's waterways open to vessel traffic for
recreation, commerce, and defense. Of this, about 60 million cubic yards are
disposed in ocean waters at more than 100 Environmental Protection Agency
(EPA) approved ocean disposal sites. Though selected to minimize adverse
environmental impact, sites are frequently located near areas of ecological
concern such as coral reefs, oyster beds, seagrass beds, essential fish habitat, and
endangered marine mammal habitat. Specific management techniques are

216

implemented to insure that these critical areas are not adversely impacted due to
disposal of dredged material. Management options may include: modified
disposal methods, quantity restrictions, weather restrictions, sediment grain size
restrictions, seasonal restrictions, equipment requirements, special disposal
zones, and provisions to address spillage and leakage of dredged material during
transport.
Background
The off-shore disposal of dredged sediments raises special concerns in South
Florida, specifically that sediment plumes resulting from disposal of dredged
sediments at off-shore disposal sites could reach and impact reef communities.
The near-shore coastal environment from Palm Beach to Miami consists of three
parallel reef-like ridges containing a coral-octocoral hardbottom community
(Goldberg, 1973; Courtenay et al., 1974; Marszalek, 1981). Sedimentation and
turbidity have been shown to be significant factors in the control of coral reef
development and the distribution of reef species (Hubbard, 1986; Macintyre
1988). Excessive sedimentation has been shown to cause a wide range of
adverse effects in coral reef environments from the ecosystem to the organism
level (Marshall and Orr, 1931; Hubbard and Pocock, 1972; Bak and Elgershizen,
1976; Thompson, 1979; Lasker, 1980, Rogers, 1983; 1990). Dredging and
dredged material disposal, sand mining and coastal development increase the
sedimentation and turbidity of tropical marine waters, providing a source of
stress to coral reefs (Johannes, 1975; Dahl, 1985; Rodgers, 1990; Brock et al.,
1966).
At the Miami Ocean Dredged Material Disposal Site (ODMDS), an interim site
management agreement restricts disposal of dredged material to periods when
ocean current direction and magnitude would not result in transport to the reef
tract west of the disposal site. This requires both real-time current measurements
and real-time communication of appropriate information to dredging personnel.
In 1995 an acoustic doppler current profiler (ADCP) was installed 0.7 nmi south
of the disposal site (Figure 1). Data transmission from the ADCP to a NOAA
facility is accomplished through a system of cabling and radio transmissions
(Proni, et al., 1998). The current threshold criteria (Proni, et al., 1998) is applied
to the data, and determination of a discharge/no discharge advice is made. A
“no discharge” decision is communicated to dredge personnel. Over the
dredging period (1995-1996) for the Miami Harbor deepening project the
exceedence frequency for the criteria values (12.0 cm sec-1 in a westerly
direction) was about 2.5%. This interim approach has resulted in an expensive
and environmentally stringent disposal site management requirement. Ambient
levels of suspended sediment concentrations [in coastal areas] are subject to
changes arising from various meteorological and oceanic events. Under
appropriate conditions, dredged material discharges into these regions can
augment these sediment levels, thereby giving rise to potentially deleterious
impacts on reef amenities. Long-term monitoring can provide an understanding
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of interactions between natural and anthropogenic contributions to suspended
sediment levels in order to develop accurate estimates of adverse impacts on reef
amenities.
Approach
The development of the described monitoring program is based on the
scientifically supported, underlying assumption that sedimentation and light
attenuation are important controlling factors for southeast Florida reef
communities. A second assumption follows that in order to avoid impact to
nearby reef communities, sedimentation and light attenuation due to dredged
material disposal should not add significantly to that caused by naturally
occurring meteorological and oceanographic events.
Working Hypotheses
Two testable working hypotheses are stated which become the basis for the
specific objectives of the study effort. The first hypothesis is that natural
changes in meteorological and oceanographic conditions cause concentrations of
suspended sediments in the near-shore environment to vary widely through the
resuspension and transport of benthic sediments. The second working hypothesis
is that the off-shore disposal of dredged sediments do not significantly alter the
suspended sediment characteristics in near-shore waters.
Overall Objectives
Several overall objectives were developed from the working hypotheses: 1)
Determine the natural variability in suspended sediment concentrations and light
attenuation at inshore coral reefs, 2) Determine the relationship between the
normal meteorological and oceanographic events and changes in suspended
sediment concentrations and light attenuation at inshore coral reefs 3) Determine
the set of meteorological and oceanographic conditions which most closely
correlates with the typical dredged material disposal plume in terms of the
suspended sediments and light attenuation occurring at the nearby coral reefs.
Methods
To obtain measurements of suspended sediment characteristics and atmospheric
and oceanographic forcing mechanisms on in-shore reef habitats, three site
locations were selected for the placement of sensors to measure key parameters
(Figure 1). The south most site (Site One) is located just offshore of Key
Biscayne and about 2 nautical miles from the boundary of the Miami disposal
site at a depth of 60 feet. Sensors placed at Site 1 include: an ADCP, two optical
backscatter devices (OBS), conductivity and temperature sensor, wave height
(pressure) sensor and a photosynthetically available radiation (PAR) meter. Site
2 (Figure 1) is located at a range tower located approximately 3nmi north of Site
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1. Site 2 contains an OBS and PAR sensor with a data logger. Mounted on the
tower above the water surface is a PAR meter and wind (speed and direction)
meter. Site 3 (Figure 1) is located approximately 3 nm north of Site 2 in the 6070 foot depth range. Site 3 contains and OBS and PAR sensor plus data logger.
System Performance
Initial deployment was for a 30-day period from October 9 to November 9,
1998. The following discussion includes acoustical backscatter, wave, and PAR
data collected over a four-day storm event that occurred during the initial
deployment period. OBS data is omitted due to technical difficulties with the
instrument and possible interference due to biofouling.
Figure 2 shows the wave height data for a four-day storm event that occurred
from November 3 through November 7, 1998. Wave heights increased from 0.5
meters before the event to 5.5 meters during the peak of the event. Figure 2 also
shows the acoustical backscatter data time series for the same four- day storm
event. Acoustical backscatter data was measured at about 1 meter above the sea
floor. Backscatter levels increased concomitantly with the increases in storm
generated wave height. Figure 3 shows the PAR time series data measured
during the same four-day storm event. The device indicates the presence of PAR
during daylight intervals about 8 hours duration. During the peak wave height
and acoustical backscatter period, PAR levels did not rise above zero.
To evaluate the reliability of both the acoustical and optical backscatter data
time series, comparison with other data types is required as well as consideration
of the basic physics of sediment transport and suspension processes. It is well
known that particle resuspension processes are based upon currents interacting
with the ocean bottom. Waves can be particularly effective in resuspension. It is
clear that the acoustical backscatter displays a high level of correlation with the
surface wave height field (r = 0.7 – 0.80). It is expected that the OBS data will
also be positively correlated with the surface wave height field, however there is
concern about long term reliability of OBS data due to excessive biofouling of
the instrument that was observed after the 30 day deployment. The PAR data
(Figure 3) shows the expected daylight hour response before and after the peak
of the storm event. Because the amount of light penetrating the water column
should be reduced as suspended sediment loads increase, it is expected that PAR
and acoustic backscatter be inversely proportional. Figure 3 shows that PAR
data and acoustic backscatter data show a strong inverse relationship.
Discussion
Both acoustical and optical backscatter measurements serve as surrogates for
suspended sediment concentrations. Because the acoustical and optical
backscatter sensors have outputs depending on the energy (acoustical or optical)
backscattered from a given volume of the coastal ocean in situ calibration of the
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sensors is required for the suspended particulate concentration. As the
characteristics of the scatterers (suspended particulates) change, in situ
recalibration is necessary. In situ calibration will usually require gathering
water samples at selected times and locations. In the case of PAR, the data
measured is a passively recorded energy level; a comparison of this can
confidently be made between amenities sites and disposal sites without
consideration of particle characteristics and size distributions.
Future work will involve in situ calibration and disposal plume sampling of both
acoustical and optical backscatter and PAR for comparison of disposal plume
values to those experienced naturally by the coral environment. These
comparisons will be used to determine if disposal plumes have the potential to
add significantly to the sedimentation and light attenuation already experienced
by the reef communities due to naturally occurring meteorological and
oceanographic events. If no such potential exists, the existing costly real-time
current measurement management requirement can be discontinued.
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Figure 1. Location Map of the Miami Ocean Dredged Material Disposal
Site, acoustic doppler current profiler and sensor locations.
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Figure 2. Acoustic backscatter and surface wave height data for a four day
storm event from 11/3/98 to 11/7/98.

Figure 3. Photosynthically available radiation and acoustic
backscatter data for a four day storm event from 11/3/98 to 11/7/98.
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PROTECTING A NATIONAL TREASURE: ECOSYSTEM
MANAGEMENT IN THE FLORIDA KEYS NATIONAL MARINE
SANCTUARY
Joanne M. Delaney, NOAA/Florida Keys National Marine Sanctuary

Introduction
Coral reef ecosystems worldwide are facing a myriad of threats that are local,
regional, and global in origin. In addition to direct impacts such as overfishing
and habitat destruction, activities in terrestrial and coastal areas have indirect
effects on the health and vitality of marine systems. Applying traditional
terrestrial management techniques to marine areas has adequately addressed
some localized impacts, but has not sufficiently solved more complex ecological
problems whose roots often lie in adjacent watersheds or upland environments.
Marine area managers and policy makers have come to realize that adopting an
ecosystem approach by applying solutions at several spatial scales is necessary
to provide comprehensive, long-term protection to dynamic marine systems
such as coral reefs.
In the Florida Keys, home of America's only living barrier coral reef, the
concept of ecosystem management is being applied to conserve threatened
habitats. The Florida Keys National Marine Sanctuary was created to protect
and preserve living and other resources of the Florida Keys marine environment.
Local management of the sanctuary is complemented by the South Florida
Ecosystem Restoration effort, the largest environmental restoration project in the
nation's history. Sanctuary managers are also involved in national efforts, such
as the Coral Reef Task Force, to identify trends in coral reef resource decline
and apply comprehensive solutions.
The Status of Coral Reefs
On a global scale, the importance of coral reef ecosystems, and overall ocean
health, cannot be overemphasized. Coral reefs are the "rainforests of the sea",
providing a repository of biological diversity for marine systems (Connell,
1978). Reefs provide protection to coastal areas by reducing storm impacts and
erosion. Major commercial and local artisanal fisheries are dependent on reef
areas for stock production. Overall, oceans contribute over 30% of the world's
net primary productivity (Stiling, 1996). In the United States, one in six jobs are
related to the ocean.
Despite the critical role played by coral reefs these areas are declining at a
drastic rate due to natural and anthropogenic stressors. It is estimated that
globally over 10% of the world's coral reefs have been permanently lost, with
another 30% threatened with severe declines in the next 20 years (Jameson et
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al., 1995). Global climate change in tropical seas over the past 100 years has
resulted in a steady increase in sea surface temperatures, which is likely
correlated with coral bleaching events of greater scale and duration (HoeghGuldberg, 1999). Fish kills, marine mammal die-offs, massive algal blooms,
and increased red tide episodes plague coastal areas. Both numbers and
frequency of marine diseases have increased over the past several years (Harvell
et al., 1999), exacerbating local and regional resource impacts. "Silver bullet"
solutions to complex ecological problems do not exist, making coordinated
research and management imperative.
The South Florida Ecosystem: A Regional Perspective
The coral reef habitats of the Florida Keys are located at the terminus of the
greater south Florida ecosystem, which begins at the headwaters of the
Kissimmee River, north of Lake Okeechobee. Significant natural resources
grace the southern portion of the Florida peninsula and are captured in some of
the nation's most popular places, such as Big Cypress National Preserve and
Everglades and Biscayne National Parks. More than 60 state and federally listed
threatened and endangered species and the critical habitats required to sustain
them are found in south Florida. The area also includes major coastal cities such
as Miami, Fort Lauderdale, Tampa, and Naples, and supports a $14 billion
tourist economy annually (South Florida Ecosystem Restoration Task Force,
1998).
At this time explosive population growth in south Florida threatens every natural
resource that exists here. Over 800 new residents a day and 37 million tourists
yearly compete with other interests such as agriculture and commercial
development for limited land and freshwater. The outdated Central and South
Florida Flood Control Project inadvertently wastes 1.7 billion gallons of
freshwater daily and fragments natural habitats with levees, canals, and dams.
Periods of extreme precipitation cannot be regulated sufficiently, causing
flooding in some areas and droughts at other times. Encroachment of man-made
areas into fragile habitats has reduced their spatial extent, and exotic species
have outcompeted endemic organisms (SFERTF, 1998).
To address these issues, the South Florida Ecosystem Restoration Project is
underway to bring much needed improvements to this massive watershed. The
collaborative effort, spearheaded by a task force composed of federal, state,
local, and tribal representatives, will revamp the Central and South Florida
Flood Control Project by reconstructing major features and replenishing lost
water to the Everglades ecosystem. Establishing more natural water distribution
patterns (spatially and temporally) and improving water quality are top
priorities. Other goals of the project include restoring habitats by improving
connectivity, eliminating invasive exotics, and recovering endangered species
(SFERTF, 1998). Success of the restoration project will be evaluated through a
series of ecological and hydrological performance measures and monitored
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through regional coordination efforts. The entire restoration effort is projected
to take 50 years and cost $8 billion.
The Florida Keys: A Case Study in Marine Ecosystem Management
The Florida Keys contain a unique mix of temperate and subtropical habitats and
species, forming a productive and diverse ecological community. The marine
environment is highly dynamic with connection to the larger Caribbean basin
through oceanographic currents.
This connectivity provides significant
opportunities for larval import from downstream sources (Roberts, 1997) and
export of local stock to northern areas.
The Keys support a vibrant tourist economy that is wholly dependent on the
tropical climate and coastal resources. Tourism dollars reach $1.4 billion, and
over 2.9 million visitors come to the Keys annually (Leeworthy & Vanasse,
1999). 69% of seasonal residents and 66% of tourists recreate on or in the
waters surrounding the Florida Keys (Leeworthy & Wiley, 1996, 1997), making
the area the most popular diving destination in the world. In addition to tourism,
the marine environment of the Florida Keys supports commercial fisheries worth
$57 million a year (Gregory, pers. comm.). Over 90% of the spiny lobster
caught in Florida come from the Florida Keys (U.S. EPA, 1999), and the
Tortugas region produces about 10 million pounds of pink shrimp a year (U.S.
Department of Commerce, in press). A reputation for outstanding sportfishing
brings recreational anglers from throughout the world to the Keys.
The quality of life in the Florida Keys is directly dependent on the health and
vitality of the natural system. Unfortunately, a myriad of problems are
threatening the Florida Keys marine ecosystem. Habitat destruction has been
widespread. Ship anchoring (U.S. DOC, 1996), large and small boat groundings
(Gittings & Bright, 1988) and direct contact by snorkelers and divers (Talge,
1991, Hawkins et al., 1999) has altered coral reef habitat significantly. Seagrass
communities, responsible for providing food and larvae to nearby reefs, have
been extensively scarred by boat propellers, destroying over 30,000 acres of
seagrass (Sargent et al., 1995).
In addition to physical impacts, an increase in the number and virulence of coral
diseases threatens the long-term viability of these organisms in the Florida Keys.
At this time, over ten coral diseases are believed to exist, with only three
pathogens positively identified (Richardson, 1998). Coral bleaching events have
increased in frequency and duration over the past 20 years (Hoegh-Guldberg,
1999, Jaap, 1990). A combination of stressors has led to reductions in coral
cover and species diversity at some stations in the Florida Keys in past years
(Porter, 1992).
Other reef resources, most notably fish, are highly overexploited. At this time,
13 of 16 groupers, 7 of 13 snappers, one wrasse, and 2 of 5 grunts are overfished
225

based on federal standards (Ault et al., 1998). Non-sustainable fisheries
practices are likely restructuring trophic interactions in reef environments,
leading to secondary effects such as genetic impoverishment and depressed
reproductive capacity (PDT, 1990, Bohnsack & Ault, 1996).
Nearshore water quality in the Florida Keys has declined for many reasons.
Improperly constructed or absent wastewater treatment systems and stormwater
runoff add excessive nutrients to surface waters (U.S. EPA, 1999), and
contributed to several Key West and other Monroe County beach closures in
1999 due to high fecal coliform counts. Eutrophic Florida Bay waters have been
tracked out to the coral reef (U.S. EPA, 1999). And intrusion into wetlands by
development has reduced the natural filtering capabilities of these areas,
exacerbating the problem.
In response to increasing environmental degradation, the Florida Keys National
Marine Sanctuary was created in 1990 by the U.S. Congress to protect and
conserve the nation's only living barrier coral reef ecosystem (FKNMSPA, PL
101-605.) The sanctuary is one of twelve such areas nationwide administered
by the Department of Commerce's National Oceanic and Atmospheric
Administration (NOAA). The Florida Keys National Marine Sanctuary
encompasses 2800 square nm (~9600 sq. km) of marine habitats including
mangrove islands, lush seagrass beds, productive hardbottom habitats, and coral
reef (U.S. DOC, 1996). The sanctuary is managed through a unique cooperative
partnership with the State of Florida (Suman, 1997).
Sanctuary designation offered several immediate and critical protective
measures to the Florida Keys marine environment. Namely, large ship traffic
was excluded from the reef tract with the creation of an "Area to Be Avoided."
Mineral and hydrocarbon exploration, development, and production were
prohibited. The U.S. Environmental Protection Agency and State of Florida
developed a Water Quality Protection Program to recommend priority corrective
actions to address pollution and restore integrity to sanctuary waters at several
levels (U.S. EPA, 1996).
These immediate measures were complimented in 1997 with the adoption of a
comprehensive management plan for the sanctuary. At this time additional
regulations and policies designed to protect coral habitat were adopted such as
an extensive channel marking plan, the installation and maintenance of
additional mooring buoys, a ban on all coral collecting, and a prohibition on
touching or anchoring on corals. Water quality issues were further addressed by
restricting boat discharges. The management plan also called for public
education and outreach to interpret the importance of the Florida Keys marine
environment to residents and visitors (U.S. DOC, 1996).
The most unique feature of the sanctuary's management plan is the creation of a
network of marine zones (fig. 1). Marine zoning allows the sanctuary to focus
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the majority of its management efforts on a small, heavily used portion of the
sanctuary. Five zone types were established to reduce resource damage,
separate conflicting uses, and provide areas for scientific research. The majority
of the zones allow only non-consumptive use, and are represented by 23 discrete
areas that protect 65% of the shallow coral reef habitat within the sanctuary.
Overall, less than 1% of the sanctuary is designated as no-take zones (U.S.
DOC, 1996). Marine reserves are used worldwide for conserving and managing
ocean resources (Agardy, 1999), but the zoning plan for the sanctuary is the first
of its kind in this nation.
The Florida Keys National Marine Sanctuary has established two
comprehensive monitoring programs to identify changes in the ecosystem as a
result of local and regional restoration and conservation efforts. EPA-funded
monitoring under the Water Quality Protection Program is tracking status and
trends in seagrasses, water quality, and coral reef / hardbottom resources. Five
years of data for seagrasses and water quality and four years of data on stony
corals / hardbottom have been collected to date. All three resources are
monitored over a broad spatial scale, and monitoring is conducted frequently to
tease out seasonal fluctuations in populations or parameters. The goal of the
WQPP monitoring program is to establish long-term, comprehensive
information on these three components of the sanctuary, and evaluate the
effectiveness of remedial actions taken to reduce water pollution. Additionally,
the baseline data gathered through the WQPP will allow sanctuary managers to
detect changes in the ecosystem effected by local practices or regional
alterations in water flow.
The Zone Monitoring Program was initiated in 1997 shortly after the sanctuary's
network of no-take zones became effective. The zone monitoring program's
goal is to compare changes inside and outside the no-take areas over time,
thereby allowing managers to evaluate the effectiveness of zones as a
management tool. Data gathered from different zone types will also provide a
means to distinguish between the effects of human activities and natural
variability. This three level program begins with monitoring ecological
processes such as coral recruitment, herbivory, and trophic structure in the two
largest protected areas and one no-diving area. Level two monitoring involves
tracking change in the populations of economically and ecologically important
species such as spiny lobster, queen conch, stony corals, and reef fish. The last
level of monitoring utilizes volunteers to gather data on fish populations, coral
health, and target invertebrates that supplements level one and two efforts.
Research conducted within the sanctuary on fundamental ecological processes
and specific problems (e.g., coral disease) compliments data gathered by the two
monitoring programs and assists in answering key management questions. Over
time the combination of coordinated monitoring efforts and independent
scientific research will provide information for the development of a predictive
model of the Florida Keys ecosystem.
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On a broader geographic scale, the Florida Keys National Marine Sanctuary is
representing its interests as the final downstream portion of the south Florida
ecosystem through active participation on the south Florida restoration task
force, regional management coordination teams, and a system-wide science
team. Additionally, as a participant in the Florida Bay Program Management
Committee, sanctuary managers are prepared to track changes in the Keys
stemming from land-based restoration. Ultimately increased water flow into the
Florida Bay estuary will be delivered to the sanctuary and coral reef tract. It is
hoped that more natural flow patterns combined with reduced commercial and
agricultural runoff will improve water quality parameters in the sanctuary longterm. And identified carrying capacity limits will guide future residential and
commercial development, limiting corresponding impacts to the marine
environment.
Protection of Critical Coral Reef Habitat through the
Tortugas 2000 Project
In the westernmost portion of the sanctuary exists a coral reef of unparalleled
beauty and diversity for the Florida Keys. The reefs of the Tortugas were
recognized for special protection in the development of the sanctuary
management plan which called for the designation of a no-take ecological
reserve, one of the sanctuary zone types, in the area within two years. The
collaborative process to create this reserve was dubbed Tortugas 2000 and began
in 1998 with the creation of a stakeholder and agency representative working
group. The working group's goal was to use the best possible information to
recommend boundaries for the Tortugas ecological reserve while adopting an
ecosystem approach, ignoring the numerous jurisdictions in the region. Through
a facilitated process the group gathered socioeconomic and ecological
information on the reserve study area, defined reserve criteria using the data, and
ranked the criteria by importance. Only then were boundary options for the
reserve drafted, after which the weighted criteria were applied to each
alternative to select the best option.
The working group's recommendation for the Tortugas ecological reserve
consists of two components totaling 185 square nm (635 sq. km) in area.
Captured in the reserve boundary proposal is a full range of habitats including
shallow seagrass communities, sponge-dominated hardbottom areas, sand
channels, and vibrant coral reef environments. Known spawning areas for
several heavily exploited fish species exist within the proposed boundaries, as
does critical shelf habitat for deep-water species that are not currently afforded
protection by fisheries regulations. Additionally, an area of the highest stony
coral cover and habitat complexity known to the Florida Keys serves to be
protected in perpetuity.
The next steps in the Tortugas 2000 process involve the release of a draft
Supplemental Environmental Impact Statement (SEIS) for the proposed reserve
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which will detail boundary alternatives and evaluate the impacts of each,
economically and environmentally. After receiving public input, this document
will be refined and a final SEIS produced. The Tortugas ecological reserve is
expected to be implemented before the end of the year 2000.
This project represents an opportunity to afford comprehensive protection and
management to a portion of the sanctuary that is the least disturbed and furthest
removed from the myriad of anthropogenic impacts affecting the remainder of
the Florida Keys ecosystem. Establishing appropriate performance measures
and enhancing current monitoring efforts in this area will provide valuable
reference data to track change. The Tortugas ecological reserve stands to
represent an area of true ocean wilderness where biodiversity and productivity
are preserved permanently.

Fig. 1. Zoning Plan for the Florida Keys National Marine Sanctuary.
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ABSTRACT

LINKING THE ECONOMY AND ENVIRONMENT OF
THE FLORIDA KEYS/FLORIDA BAY
Vernon R. (Bob) Leeworthy, Economist, NOAA

In 1995-1996, NOAA, The Nature Conservancy, Florida Keys Chapter (TNC),
and the Monroe County Tourist Development Council (TDC) formed a
partnership and entered into a cooperative agreement to conduct a study linking
the economy and environment of the Florida Keys/Florida Bay. This study was
completed and produced six separate reports. Its objectives were to 1) estimate
the market and nonmarket economic values of recreation/tourism uses of the
marine resources of the Florida Keys/Florida Bay ecosystem; 2) provide a
practical demonstration of how market and nonmarket economic values of an
ecosystem can be considered an integral component of the economy of a region
when formulating sustainable development objectives and policies; and 3) foster
cooperative management processes. To achieve the above objectives it was
necessary to develop information about the users of marine re-sources, the way
users interact with resources (their recreation activities), the amount and pattern
associated with their uses, and users’ assessment of natural resources, facilities
and services. This was accomplished by designing and implementing a survey of
both residents and non-residents (visitors) of Monroe County with respect to
their recreational activities in the Florida Keys/Florida Bay Area, and analyzing
the data. The success of the effort led to the development of the Socioeconomic
Monitoring Program for the Florida Keys National Marine Sanctuary.
Integrating ecological monitoring with socioeconomic monitoring is providing
for the capability to assess overtime how both the economy and environment are
linked. Early results indicate that it is possible to have both an improving
environment and a better economy.

Dr. Vernon R. (Bob) Leeworthy
NOAA
1305 East West Highway
Silver Spring, MD 20910
telephone: 301-713-3000 x138
fax: 301-713-4384
email: bob.leeworthy@noaa.gov
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AN ENVIRONMENTAL INFORMATION SYNTHESIZER FOR
EXPERT SYSTEMS: A FRAMEWORK FOR USE IN NEAR REALTIME DETECTION OF HARMFUL ALGAL BLOOMS
James C. Hendee, Atlantic Oceanographic and Meteorological Laboratories
National Oceanic and Atmospheric Administration

Abstract
As an enhancement to the SEAKEYS environmental monitoring network in the
Florida Keys National Marine Sanctuary, software called the Environmental
Information Synthesizer for Expert Systems (EISES) has been utilized together
with a specially developed expert system to model and report the near real-time
sensing of environmental conditions conducive to the onset of a harmful algal
bloom (HAB, e.g., “red tide”). Actual near real-time in situ fluorometry data
was matched with wind speeds and Photosynthetically Active Radiation at the
Long Key SEAKEYS station in Florida Bay to simulate the onset of an HAB.
These incidences were e-mailed to the knowledge engineer as they occurred, and
could in the future be e-mailed to regulatory agencies, or posted to a Web site,
as is done with a similarly developed expert system for coral bleaching. This
approach shows promise with the future remote detection of HAB pigment data
via in situ or satellite sensors.
Introduction and Background
Those of us who try to manage and make sense of large amounts of data
streaming from satellites, continuously operating instrumented processes, or in
situ instrumented arrays, have felt the stress of data overload. Having the data
stored automatically in a database helps to organize the data, and having
automated outputs of user-specified graphs and tables helps us to depict the
course of events being monitored. However, these data products require
interpretation, and for critically monitored processes, they require interpretation
every day, or even more frequently. If we had nothing else to do in our lives,
this might not be so overwhelming, but we do, and it is.
Many industries and research concerns have solved the problem of critical data
overload using artificial intelligence techniques, such as expert systems.
Artificial intelligence involves the capability of a device such as a computer to
perform tasks that would be considered intelligent if they were performed by a
human (Mockler & Dologite 1992). An expert system is a computer program
that attempts to replicate the reasoning processes of experts and can make
decisions and recommendations, or perform tasks, based on user input.
Knowledge engineers construct expert systems in cooperation with problem
domain experts so that the expert’s knowledge is available when the expert
might not be, and so that the knowledge can be available at all times and in
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many places, as necessary. Expert systems derive their input for decision
making from prompts at the user interface, or from data files stored on the
computer. The knowledge base upon which the input is matched is generally
represented by a series of IF/THEN statements, called production rules, which
are written to approximate the expert’s reasoning. The degree of belief the
expert has in a conclusion may be represented as a confidence factor (e.g., 0% to
100% confidence), or as a subjective term (e.g., “possibly,” “probably,” or
“almost certainly”) in the expert system. Real-time monitoring and control is
mature technology, especially for industrial systems, and the use of expert
systems in this arena continues to be a fast developing technology. On the other
hand, monitoring and modeling of the environment in near real-time has come
late in the evolution of expert systems, and only recently (Hendee 1998; Hendee
2000) for the marine environment.
Real-time expert systems were originally created to provide knowledge-based
control of industrial processes and mechanical functions through feedback from
sensors monitoring those processes. Real-time expert systems that monitor the
environment can of course only hope to control the environment very indirectly.
Through data gathering, inferencing, alerting and chronicling of monitored
events, environmental expert systems can continuously deal with large amounts
of data and save scientists and policy makers tremendous amounts of time.
Recommendations can then be made to governments, which can then regulate
human endeavors that directly or indirectly affect the environment. Under
another scenario, however, the near real-time monitoring and reporting of an
environmental event such as a harmful algal bloom (HAB, e.g., “red tide”) could
save lives: an alert to the predicted event would be sent to the appropriate
authorities, who would in turn warn the public. The monitoring and alerting
process discussed in the present report could eventually be adapted to just such a
purpose.
At the National Oceanic and Atmospheric Administration’s (NOAA) Atlantic
Oceanographic and Meteorological Laboratory (AOML), in Miami, Florida,
environmental data are acquired from remote sites on lighthouses and
navigational aids situated at coral reefs and other strategic locations within and
near the Florida Keys National Marine Sanctuary via a satellite data archival site
at Wallups Island, Virginia. The data are collected at the sites continuously then
transmitted hourly. Oceanographic instruments (measuring sea temperature and
salinity, minimally, but also other instruments at different sites) are maintained
by the Florida Institute of Oceanography, and meteorological instruments for
measuring wind speed, wind gust, wind direction, air temperature, dew point,
and barometric pressure are maintained by the National Data Buoy Center of
NOAA. There are currently seven sites, which have been termed the SEAKEYS
(Sustained Ecological Research Related to Management of the Florida Keys
Seascape) network: Fowey Rocks (in Biscayne National Park), Molasses Reef
(near Key Largo), southern Florida Bay (near Long Key), Sombrero Reef (near
Marathon), Sand Key (near Key West), Dry Tortugas (at the very end of the
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Florida Keys), and northwestern Florida Bay (near Cape Sable) (Ogden et al
1994). The data received are reformatted using software developed at AOML,
called the Environmental Information Synthesizer for Expert Systems (EISES;
Hendee 1999).
To effect a realistic test of a hypothetical HAB expert system, near real-time
data from an in situ fluorometer in a marginally eutrophic region of Florida Bay,
the Long Key SEAKEYS station, was used to illustrate its utility. Using an
approach very similar to that used to predict coral bleaching in the Florida Keys
National Marine Sanctuary (Hendee et al 2000a) and the Great Barrier Reef
(Hendee et al 2000b), a production rule was developed to show how an HAB
could be monitored in near real-time, assuming the proper phytoplankton
pigment sensor is eventually designed and refined, or that dinoflagellate pigment
sensed data from satellites become available.
Methods
Field Maintenance of the Instruments
The instruments themselves were visited once a week by the SEAKEYS
technicians so corrective maintenance of the oceanographic sensors could be
attended to as necessary. In any case, the oceanographic instruments would
become fouled and had to be cleaned periodically. Sea temperature and salinity
sensors were “sea-truthed” during the station visits. That is, calibrated
instruments were taken into the field and the parameters were measured at the
same time the in situ instruments made their automated measurements, to see if
the in situ instruments needed to be replaced, or their data needed to be
corrected. Water samples were taken for fluorometry calibration for use in an
another study; however, the instrument was cleaned of biofouling at the same
time as the sea temperature and salinity sensors. Meteorological instruments
were maintained by NDBC. If any of the instruments malfunctioned, the expert
system code was easily adjusted so that those values were not accounted for in
the process (see Hendee 2000, for specifics).
The Expert System
The C-Language Integraged Production System (CLIPS), developed by the
National Aeronautics and Space Administration, was used for the expert system
shell, and is an essential part of EISES. The development of the prototype HAB
expert system actually proceeded under three different stages. The first stage
was for parsing the raw data file and producing a columnar data report, which
was easier to work with, and could also be used in daily postings of the raw data
to the Web. ASCII columna data files produced in Stage 1 were screened
against production rules in Stage 2 to determine whether the values for the
instruments were within realistic ranges, or whether the instrument appeared to
be malfunctioning or off-line (garbled or no data). A comprehensive description
of how Stage 1 and Stage 2 function can be seen in Hendee (2000); however, an
overview of how Stage 2 operates is herewith described.
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Stage 2
To aid in the analysis of data, which might vary widely depending upon the time
of day and the season of the year, values were averaged for eight three-hour
periods per day, termed midnight (2200 to 0100 hrs local time), pre-dawn (0100
to 0400 hrs), dawn (0400 to 0700 hrs), morning (0700 to 1000 hrs), mid-day
(1000 to 1300 hrs), pre-sunset (1300 to 1600 hrs), sunset (1600 to 1900) and
evening (1900 to 2200 hrs). These groupings were convenient because
meteorological, oceanographic and biological phenomena quite often show
predictable fluctuations during these periods of the day, for instance the change
of wind direction and wind speed, and the onset of crepuscular animal behavior
and phytoplankton migration patterns, with sunrise and sunset. The averaged
values within each of these categories were then subjectively assigned to fall
within one of eleven categories: unbelievably low, drastically low, very low,
low, somewhat low, average, somewhat high, high, very high, drastically high,
and unbelievably high. These groupings were arbitrary terms, and parameters
such as wind direction were further translated to different regions of the
compass (e.g., NE-ENE). This approach was similar to that of Uhrmacher,
Cellier, & Frye (1997) who argued that discretization of quantitative into
qualitative values enabled them to represent a “gap-free history of the
variables.” As they also pointed out, an approach such as this is of value if the
knowledge of the system of interest is imprecise or incomplete, which is the
usual case with ecological systems. The assignment of values to these
categories depends upon what the season of year is (spring, summer, fall or
winter), so, for instance, what might be considered “somewhat high” in winter
might otherwise be considered to be “average” during summer. Values which
are determined to be “unbelievably high” or “unbelievably low” represent values
which are considered to be totally unrealistic for the parameter in question.
However, should it happen that these values might begin to represent real-life
values, the ranges may be easily reset to encompass the newer values. The
expert system thus also serves as an environmental model utilizing subjective
terms in its descriptions.
The status of the parameters, that is, where they were on the continuum from
unbelievably low to unbelievably high, and when the values occurred (i.e., the
period of the day), were saved as CLIPS-loadable “facts” represented in a text
file, and thus available for Stage 3 processing. These facts thus represented
subjective interpretations of the measured data, and therefore represented
information, not just columns of numbers. An abbreviated example of Stage 2
CLIPS-loadable facts from Long Key can be seen in Figure 1.
Stage 3
The third stage was the expert system developed for the monitoring of
conditions hypothetically conducive to the onset of an HAB. The expert system
looks for high fluorometry readings, low wind speed, and high
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parSurf 483 somewhat-low mid-day of day 75)
parSurf 53 very-low midnight of day 75)
parSurf 587 average mid-day of day 78)
parSurf 82 very-low pre-sunset of day 76)
salin1m 35.8 average night-hours of day 78)
salin1m 36.0 average all-day of day 76)
salin1m 36.1 somewhat-high mid-day of day 75)
salin1m 36.4 somewhat-high pre-sunset of day
sea1m 25.1 average afternoon of day 76)
sea1m 26.0 average all-day of day 78)
sea1m 27.0 average night-hours of day 81)
tide1m -9.4 low night-hours of day 81)
tide1m -9.4 low pre-sunset of day 75)
tide1m -9.6 very-low sunset of day 75)
transmiss 2.851 average all-day of day 76)
transmiss 2.852 average all-day of day 78)
transmiss 2.878 average all-day of day 77)
volts 14.6 very-high mid-day of day 75)
volts 14.6 very-high pre-sunset of day 75)
windDir 89 ENE-ESE pre-dawn of day 75)
windDir 94 ENE-ESE mid-day of day 78)
windDir 97 ENE-ESE afternoon of day 78)
windGu 9.5 somewhat-low sunset of day 78)
windGu 9.9 somewhat-low dawn-morning of day
windSp 9.4 somewhat-low morning of day 80)
windSp 9.9 somewhat-low afternoon of day 78)
windSp 9.9 somewhat-low pre-dawn of day 81)

Figure 1. Example of CLIPS-loadable facts in the HAB expert system.
Abbreviations:
lonf1=identifier for Long Key, airT=air temperature,
barom=barometric pressure, fluoro=fluorometer, parSurf=PAR (see text),
salin1m=salinity at 1m, sea1m=sea temperature at 1m, tide1m=tide at 1m,
transmiss=transmissometer, volts=voltage of instrumented array, windDir=wind
Direction, windSp=wind speed.
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photosynthetically active radiation (PAR). Wind direction is measured and
reported, but not used in the inferencing system. Following is a pseudocode
representation of the production rule used in the operational expert system.
IF fluorometry readings are high during late morning, mid-day and/or early
afternoon
AND wind speed is low during late morning, mid-day and/or early
afternoon,
AND PAR is high during late morning, mid-day and/or early afternoon
THEN conditions are apparently consistent with, and conducive to, an HAB
event.
The expert system was used to screen hourly data over the past 72 hours worth
of data, once a day, and reported output via a file and an e-mail message to the
knowledge engineer, as long as there was anything to report. The reports were
cumulative over seven days, so that as long as any report was generated during
that time, a cumulative report was generated and sent. Once conditions had not
been met with seven days, reports were no longer sent. Thus, if conditions were
met on March 1 only, you would get the report until March 8; if conditions were
met on March 1 and March 6 only, you would continue to get a daily report
showing the results of those two days until March 8, but only for March 6 until
March 13.
Results
The expert system operated continuously and without intervention from the
knowledge engineer throughout a trial period of four months. An example of
the output of the report is represented in Figure 2. Wind speed was measured in
knots, and PAR in microeinsteins/m2. The fluorometry output voltage was a
function of the amplifier on the fluorometer. Actual chlorophyll values were not
derived in this particular trial, but are a part of the usual field sampling and
validation component of the SEAKEYS program. In a test of an actual HAB
expert system, field validation of the phytoplankton pigment levels would be a
necessary part of the knowledge engineering process.
Discussion
Although wind direction and other parameters were not used in the operational
expert system inferencing, they easily could be. In fact, any measured parameter
could be accounted for in the matching pattern represented by a production rule
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Rule Flu-Wind-PAR-1 (high fluoro, low wind, high PAR)
(Bloom?)
Day 148
~~~~~~~~~~~~~~~~~~~
Fluorometry was about 0.073 (high mid-day)
Wind Speed was about 2.9 (very-low mid-day)
Wind Direction was from NE-ENE direction (mid-day)
PAR was about 868 (high mid-day)
Rule Flu-Wind-PAR-1 (high fluoro, low wind, high PAR)
(Bloom?)
Day 147
~~~~~~~~~~~~~~~~~~~
Fluorometry was about 0.066 (somewhat-high mid-day)
Wind Speed was about 1.4 (drastic-low mid-day)
Wind Direction was from WSW-W direction (mid-day)
PAR was about 862 (high mid-day)
Rule Flu-Wind-PAR-1 (high fluoro, low wind, high PAR)
(Bloom?)
Day 146
~~~~~~~~~~~~~~~~~~~
Fluorometry was about 0.082 (very-high mid-day)
Wind Speed was about 4.4 (low mid-day)
Wind Direction was from NE-ENE direction (mid-day)
PAR was about 969 (high mid-day)

Figure 2. File and e-mail output of the HAB expert system.

similar to the above. For instance, following is a hypothetical example
production rule (as pseudcode) that could be represented in an HAB expert
system at mythical Deadman’s Bay:
IF fluorometry was high during noon,
AND wind speed was high to very high,
AND tide was very low during noon,
AND wind direction was N-NE all day,
AND salinity was low during daylight hours,
AND sea temperature was high all day,
THEN output a report that says northerly winds pushing high
temperature, low salinity water during the day has possibly
resulted in bloom conditions during a noon low tide at
Deadman’s Bay.
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Thus, the expert system approach provides a powerful means for pattern
matching of various measured parameters, something that is much more difficult
to do with a standard procedural (vs CLIPS symbolic) programming approach.
Outlook
Satellites have been used to remotely sense algal blooms in fresh water (e.g.,
Yacobi et al 1995; Jernakoff et al 1997)) and salt water (for example, using Seaviewing Wide Field-of-view Sensor, or, SeaWiFS satellites; e.g., Murtugudde, et
al 1999, and many others), but there have been apparently few successful efforts
at sensing HABs using satellites (but see Prasad and Haedrich 1993). Although
there has been some thought and effort at sensing HAB pigments using in situ
and in vivo instrumentation (Gentien and Lunven 1993; Millie et al 1995), the
goal remains elusive. However, even if such sensor development is far in the
future, the fact that satellites can measure dinoflagellate pigments, and that the
present expert system can be used with satellite data as well as in situ data, and
finally, that artificial intelligence has been used in the study of determining
chlorophyll concentrations from satellite data (Keiner & Brown, 1999), gives us
cause for optimism in the development of an expert system for the early warning
of the onset of HABs , such as is currently done for coral bleaching (Hendee et al
2000a).
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AMERICAN HERITAGE RIVERS INITIATIVE: INTEGRATING
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Throughout our nation, rivers and streams flow over more than three million
miles: like threads, they tie communities together and play an integral part in our
geography. But the picture has not always been perfect. Over the years, some of
our greatest American cities faced serious challenges--traditional manufacturing
jobs moved elsewhere; local companies were sold or laid off workers; polluted
rivers wound through these cities, and abandoned factories lined their banks. In
rural areas, valuable farmland was converted to more intensive uses; young men
and women left their hometowns behind in search of jobs; cultural treasures
suffered neglect; and river banks often served as dumping grounds. Yet, in
several places, caring citizens came together and designed long term goals and
innovative solutions to clean up their rivers, rejuvenate the areas that surrounded
them, and stimulate economic growth. The partnerships they formed are hailed
as models of how an active public, local businesses, and government agencies
can make dramatic improvements. The American Heritage Rivers Initiative is
founded upon the belief that people and nature can exist in productive harmony.
It embodies the vision of the National Environmental Policy Act of 1969 to meet
the social and economic needs of Americans, today and in the future. This
session will provide the brief history of the American Heritage Rivers Initiative
and highlight accomplishments of several of the 14 river initiatives designated
by President Clinton in 1998. Each river is represented by a community partner-someone active in designing the nomination application--and a river navigator-a Federal liaison who helps match local needs with available assistance
programs. All but three of the designated rivers have significant coastal
segments.

Elizabeth Gillelan
Team Leader for Strategic Planning
NOAA/NMFS Office of Habitat Conservation
1315 East-West Highway F/HC 15th flr
Silver Spring, MD 20910
telephone: 301-713-2325, x139
fax: 301-713-1043
email: bess.gillelan@noaa.gov
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MAINE’S SAND BEACHES: USING STAKEHOLDER PROCESSES TO
IMPROVE MANAGEMENT APPROACHES
Kathleen Leyden, Maine Coastal Program/Maine State Planning Office

Introduction
In the eyes of many, Maine is defined by its long and irregular coastline.
Although there are more than 3,000 miles of tidally influenced shoreline, some
of the most valued parcels are the sand beaches in southern Maine. The beaches
from Kittery to Georgetown, which are less than 50 miles in combined length,
are the focus of summer visitors and local residents during the warm months,
and are increasingly used for year round residences. In addition, the beaches are
home to a variety of important wildlife, including two endangered species of
birds, piping plovers and least terns. Thus, a very small percentage of our long
coastline is of disproportionate value to the State.
As in other states, the use and protection of our valuable beaches are long
standing issues in Maine. Beach issues were comprehensively addressed in
1979, when the Governor created the Advisory Committee on Coastal
Development and Conservation in response to coastal storms that destroyed a
great deal of property. The Committee issued a set of recommendations to
protect shorefront property. The recommendations included helping
municipalities participate in the National Flood Insurance Program, adopting
rules to address construction in sand dune systems, restricting construction of
seawalls, and creating a division of marine geology within the Maine Geological
Survey. Maine’s sand dune rules, which require consideration of the 100-year
shoreline position and prohibit reconstruction of homes damaged by more than
50% of their market value, were considered hallmark pieces of legislation. By
taking these actions over the past twenty years, we improved our understanding
of the geology in these areas, and we have better protected coastal property from
storm damage.
Yet in spite of these increased efforts, many issues around the use and protection
of beaches remain with us today. Some shorefront properties remain at risk
because they are not addressed by State and municipal rules for construction in
sand dunes. Indeed, some structures built to protect property or improve
navigation can increase the risk of erosion of beaches. Moreover, wildlife
habitat in sand dunes is still at risk from development and beach users, despite
greater protection efforts. Some shorefront property owners are concerned about
the extent of public use of beaches that have been traditionally open to the
public. Finally, coastal property owners have sought relief from restrictions on
beachfront development and have succeeded in weakening some of Maine’s
protective regulations.
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Initial Stakeholder Process
To bring focus and attention to current beach issues, to resolve conflict and to
initiate new concepts in beach protection and improvement, the Maine Coastal
Program
facilitated a stakeholder process in 1997, resulting in the
recommendations contained in Improving Maine’s Beaches. The stakeholder
group included broad representation from Southern Maine towns, Maine’s
Departments of Inland Fisheries and Wildlife (MIF&W), Environmental
Protection and Maine Geologic Survey, the Southern Maine Regional Planning
Commission, the Wells National Estuarine Research Reserve, Save Our Shores
(a beach homeowners association), the Marine Law Institute at the University of
Maine and the Maine Audubon Society.
As the group had many different interests represented, the ideas for how beaches
could be improved ranged widely and sometimes conflicted with one another.
Indeed, one person’s view of an improvement was another person’s step
backwards. Through all this discussion, however, the Stakeholders reached
consensus around some actions that should be taken to address the most pressing
needs of Maine’s valuable beaches.
The group’s recommendations, included in the 1997 stakeholders report,
Improving Maine’s Beaches, were wide ranging and included: attention to
emergency erosion problems along three beaches, increased monitoring of beach
conditions and better reporting of property losses, and increased technical
assistance to improve compliance with the NFIP and community rating system
programs. Some of the report’s recommendations have been addressed, most
notably: 1) the establishment, by Maine Sea Grant, of a volunteer beach
profiling program and 2) continuation of Maine Audubon and MIF&W’s efforts
to monitor and protect populations of piping plovers and least terns via
cooperative agreements with landowners.
One area where the group could not reach consensus was in the area of
regulation of land use and development along Maine’s beaches. Development in
sand dunes is currently regulated by the State under the Natural Resources
Protection Act (NRPA) (38 MRSA § 480-A et seq.) and by municipalities under
ordinances adopted to comply with the Mandatory Shoreland Zoning Act (38
MRSA § 435 et seq.) While the stakeholder group identified inconsistencies in
these overlapping regulations, they did not achieve consensus on the need for a
major revision of these laws. The stakeholders agreed that development of
regional beach management plans could be used as a forum to address specific
regulatory issues in the context of a broader effort to better manage the use of
these resources.
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Regional Beach Management Planning
The stakeholders group agreed that the State policies on beaches do not
recognize differences in the conditions of local beaches in terms of existing
development, wildlife needs, property at risk and public access. In addition,
some beaches may require long term management measures to deal with chronic
problems, such as coastal erosion and wildlife habitat protection. To address the
problems posed by broad statewide regulation, the stakeholder group
recommended that a comprehensive beach management plan be developed for
each distinct beach system in southern Maine. The beach management planning
regions were identified, based on: (1) coastal geology; (2) political boundaries;
and (3) community associations.
Municipalities and state agencies were provided with a challenge to work with
regional groups including land owners, environmental groups and business
interests, to develop regional beach management plans that establish goals,
policies and recommend regulations to guide how the beach resource will be
managed. An initial management plan has been created for Saco Bay, a second
underway in Wells Bay, and a third will get underway in the Scarborough area
in the fall of 2000.
The Maine Department of Environmental Protection (DEP) and the Maine
Coastal Program/State Planning Office are participating in the development of
the beach management plans to ensure that the proposed policies and regulations
are consistent with the intent of state law, and to monitor the results of the plans.
The DEP has agreed to consider, if warranted, changes to the administrative
rules, recommendations to changes in state law, or delegation of some authority
to municipal or quasi-municipal authority that has established capacity to
administer this law.
The beach management plans are being developed by a group in each beach
region including state and municipal representatives, land owners,
environmental interests, and business interests. State agencies are serving as a
resource for technical information and assistance, and the groups are seeking
the participation of the relevant federal agencies, particularly the U.S. Army
Corps of Engineers. Regional committees are providing opportunities for public
participation and Maine Sea Grant is now working on innovative methods to
improve participation in the second planning process in Wells Bay. Multi-year
funding for beach management planning is shared between the municipalities
and the Maine Coastal Program.
Each regional group was charged with developing information upon which
goals, policies, and actions (including regulations) could be established to meet
the particular needs and circumstances of each beach system, including the
following topic areas:
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Restoring or maintaining existing beaches - Based on available geologic
information, setting measurable objectives for beach profiles and developing
ways achieve these profiles, possibly including a protocol for replenishing
beaches and changes to structures that interfere with sand transport.
Reducing risks to property -- Setting measurable objectives for reducing damage
to coastal property and taking actions to improve the design and location of
existing and new structures in coastal hazard areas so that they avoid or
withstand damage from coastal storms and shoreline erosion.
Protecting wildlife habitat -- Setting measurable objectives for protecting
wildlife populations and habitat and taking actions to further protect State
designated "essential" habitat for endangered species.
Enhancing the economic value of beaches -- Setting measurable objectives for
public access to beaches and taking actions to maintain or improve public access
to support beach dependent businesses while meeting the needs of beach front
land owners.
Reforming beach regulations -- Developing ways to tailor state regulations to
address local conditions and developing ways to improve education and
enforcement of these regulations by both municipal and state governments.
Regional coordination -- Developing ways to communicate and make decisions
about beach management issues among the stakeholders.
Results
Maine is midway through its three year beach management planning process.
Observations to date include the following:
Resistance to an open dialogue about the effectiveness of current regulations -Both regulators and those regulated find fault with Maine’s beach protection
regulations. Landowners find the regulations burdensome when applying for
permits to build decks, pave driveways or add a second story. Regulators feel
that these small projects take precious time away from larger projects and are
not in themselves causing environmental impact. Environmental regulators
view developed dunes as already densely developed and feel uncomfortable
administering rules that are also intended to reduce the physical amount of
property at risk. Municipal staff find the geology-based sand dune rules difficult
to explain to landowners, in fact, in many regulated areas there is little evidence
of a natural dune system. Separate permits for NRPA, shoreland zoning and
floodplain ordinances are often required and most communities lack the
expertise to oversee a one stop permitting process in coastal hazard areas, if such
a process were available. Geologists and environmental advocacy groups fear
that a dialogue on changing regulations will result in a further weakening of
state policies. New methods of honest dialogue without risk to participating
stakeholders are needed.
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Landowners have formed effective alliances -- Owners of threatened structures
in frontal dunes have formed strong alliances with property owners whose
parcels are further set back. While backlot owners may see the logic in retreat
strategies and hazard mitigation buyout programs, they do not support them if
they will displace their neighbors. In high hazard areas, landowners still believe
that ongoing beach nourishment will alleviate erosion problems, despite data to
the contrary.
Reluctance to use information on anticipated sea-level rise in Maine -- A study
of the implications of accelerated sea-level rise was published in 1995, including
projections of shoreline change along Maine’s beaches, bluffs and rocky coast.
Municipalities find a 100 year planning horizon difficult to work with and prefer
to look at development scenarios of 5 - 10 years, coincident with other
municipal planning processes such as comprehensive planning, capital
improvements planning, and the like.
Need for additional studies regarding effects of sand transport, mining, etc. -Communities participating in the regional planning process are quite open to
discussions about transporting sand from accreting areas for nourishment of
eroding areas. This willingness seems to be based on a basic understanding of
the region’s sand budget and sand transport characteristics. For towns to be able
to enter into formal arrangements however, additional legal analysis of sand
ownership and detailed analysis of the effects of sand displacement and
relocation are needed.
Need for creation of a beach nourishment strategy for the State -- While beach
management is an accepted process funded by public dollars in other states,
Maine has not yet gone down that road. Property owners are expressing an
interest in nourishment, beach scraping, and purchase of dredging equipment to
be able to undertake projects with private financing. Maine needs to offer
technical guidance, develop policy on the use of public funds for nourishment
and help fund pilot projects to begin to understand the effectiveness and
limitations of beach nourishment in Maine.
Need for interactive educational programs -- Beach planning groups have used
basic GIS to map buildout and to analyze natural resource information. An
advanced, interactive GIS that would help participants visualize different
scenarios of shoreline change, beach nourishment, and shoreline development
would be a very powerful tool to assist in community hazard education.
Possible reevaluation of how stakeholder groups are used in effect change in
State policies -- Regional beach planning groups have been given broad latitude
to make recommendations on State policies and regulations. In a worst-case
scenario, regional management planning efforts will have helped organize
several communities that could present a united front to weaken existing
regulations by initiating changes with the State legislature. Under the best case
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scenario, state agencies and environmental advocacy groups present at the table
with home and business owners will create a balanced approach to beach
management that reduces risk to properties, protects fragile beach ecology and
guarantees public access.

Kathleen Leyden
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Maine State Planning Office
38 State House Station
Augusta, Maine 04333
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STATE AND LOCAL-LEVEL PLANNING FOR ADAPTING TO SEALEVEL RISE: A CASE STUDY OF DELAWARE'S LIKELY
RESPONSES
Daniel E. Hudgens & James E. Neumann, Industrial Economics, Inc.

Introduction
Climate change is likely to accelerate the historical rise in sea level, leading to a
wide range of impacts on development, wetland resources, and recreation in the
U.S. coastal zone. Relative sea level, that is, the net impact of sea and land level
changes, is already rising in most parts of the U.S., due in part to global trends in
sea volume attributed to continued emergence from a glaciated period and in
part to trends in land subsidence over much of the East and Gulf Coasts. On top
of the historical trend, the United Nations (UN) Intergovernmental Panel on
Climate Change (1996) concludes that increases in global temperatures over the
next century could accelerate the historical rate of sea-level rise to an average of
about 5 mm/ y r (or 50 cm/century), with a range of uncertainty around that
central estimate of 2 to 9 mm/yr.
The physical and economic impacts of this increase in sea level will vary from
place-to-place and depend on a range of factors, including the human response
to sea-level rise. Our work seeks to provide a local perspective on the likely
human response to gradually rising seas, with three goals in mind: (1) to
improve future assessments of the impacts of climate change through
incorporation of a richer understanding of local land use policies and trends; (2)
to improve the base of understanding among federal, state, and local levels of
government on the effect of current coastal policies on coastal development and
conservation; and (3) to identify opportunities for policy refinement to facilitate
a more efficient response to rising seas that limits the impact on coastal
property, wetlands, and recreational resources.
Background
Sea-level rise could affect coastal activities such as tourism, settlements, ports
and harbors, agriculture and nature conservation. The vulnerability of these
resources to sea-level rise is determined by several local factors, including
coastal topography, geology, and economic and demographic factors. The most
vulnerable areas in the United States are in the mid-Atlantic and south-Atlantic
states, because of their low-lying topography, high economic value, and
relatively high storm frequency, and along the Gulf Coast, because of low-lying
topography and rapid land subsidence. The Delaware ocean coast includes
many of the features that contribute to a relatively high degree of vulnerability.
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Existing impact assessments have focused on quantifying the physical and
economic impact of gradual sea-level rise on coastal property. A key factor in
quantifying the economic impact is the response decision: whether to protect
coastal property, abandon it, or accommodate rising seas. The first
comprehensive national assessments in the late 1980's applied broad decision
rules to model the likely response to rising seas.
For example, the
Environmental Protection Agency’s (EPA) 1989 Report to Congress on the
impacts of sea-level rise assumed that developed property would be protected.
More recently, economic assessments have adopted a cost-benefit criterion to
model the optimal response (Yohe, Neumann, and Marshall, 1999). Under this
framework, if the present value of the costs to protect property exceed the value
of the protected property, a cost-benefit criterion argues for abandonment. The
results of these two approaches differ markedly; for a one-meter sea-level rise, a
"full protection" approach yields present value national impact estimates of
roughly $70 to 110 billion (1990$), while a cost-benefit criterion yields results
of about $35 billion (see Neumann, Yohe, Nicholls , and Manion, 2000 for a
review of the relevant literature).
Real-world coastal zone decision-making is far more complex than either simple
decision rules or an economic efficiency criterion imply. Political influence,
incomplete understanding of coastal risks, insurance markets (particularly the
National Flood Insurance Program), private and public infrastructure
investments, and other factors all will likely influence the response decision.
Better information on the projected human response to sea-level rise can
improve our ability to model likely future responses, which in turn will both
improve impact estimates that inform climate change decisions and help identify
areas where the likely response can be refined to more efficiently adapt to rising
seas. Based on this identified need, Titus (1998) representatives of the EPA and
Industrial Economics, Inc. developed a framework by which state and locallevel responses could be evaluated under different scenarios. EPA obtained
assistance from Industrial Economics, Incorporated to investigate responses in
Delaware and other states.
Methods
Our analysis of likely responses is based on targeted interviews with state and
county officials knowledgeable in coastal planning, and supplemented by
published research materials. To focus our interviews, we first determine the
area of land vulnerable to sea-level rise. We do not discuss specific scenarios of
sea-level rise elevation, but investigate the area of land that is broadly
considered to be vulnerable. This approach avoids the difficulties presented by
changing sea-level rise projections. The shaded area in Figure 1 indicates the
area of interest, the land less than five meters in elevation.
To develop an in-depth understanding of the possible responses, we evaluate
three scenarios, including responses based on: the enforcement of existing
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policies; the most likely state, county, and individual reactions (determined from
interviews and economic factors); and greater environmental and cultural values.
These scenarios will be used in analyses of other state sea-level rise responses,
and provide a consistent analysis approach and allow for comparison between
states. The first scenario evaluates the area of land that would be protected
based on the enforcement of existing laws and policies. To develop the second
scenario, we ask state and county officials to think beyond existing policies and
to consider the most likely future response based on development trends and
economically efficient decision-making. Finally, to develop the third scenario,
we ask the officials to determine the potential response given a greater future
valuation of environmentally sensitive and cultural areas. The information
collected through each, can be adapted, if necessary, to fit alternative scenarios.
Through these interviews and our analysis of the state and county policies, we
develop geographic information systems (GIS) maps of the likely responses in
each county. These maps can then be used to facilitate more in-depth
discussions of responses in specific areas and  in future efforts  to assess
the potential costs of the local-level sea-level rise responses.
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Findings
The state of Delaware is composed of three counties, each with vastly different
coastal land-use characteristics and each with land adjacent to the Atlantic
Ocean or Delaware Bay. Over the last century, relative sea levels along
Delaware’s coast have risen by 3.0 to 4.5 mm/year. Scientists predict that over
the next century, sea levels will rise at a faster rate, with a current best-guess
relative sea-level rise scenario for Delaware of 30 to 40 cm between 1990 and
2050 (Nicholls and Leatherman, 1996). Below, we discuss the state and county
policies that affect the response scenarios.
State Policies
Delaware has been actively managing its coastline over the last several decades
to manage natural shoreline changes. Since the 1980s, the state has periodically
nourished its beaches and plans to continue doing so as long as the public
benefits outweigh the public costs. Through beach nourishment, the state has
been able to maintain the public beaches and prevent the ocean from advancing
up to existing homes. During this same time, the state has discouraged the use
of hard structures, such as rip-rap, revetments, and sea walls; however, the state
has an unwritten policy that when beach nourishment and floodproofing
strategies fail, it will permit homeowners to construct hard structures. Tony
Pratt, Environmental Program Manager of the Delaware’s Department of
Natural Resources and Environmental Control (DNREC), indicates that the state
will not prevent property owners from protecting their land from advancing seas.
The state also lacks a strong public trust law. Past attempts at controlling
private land use in the coastal area based on the state public trust doctrine have
been considered a "taking" of private landowners' rights. In at least one case, a
property owner was able to construct a fence around his property that extended
to the mean low tide line. This action effectively restricted the public’s access
to the traditional public trust lands, just as a sea wall would if the water were to
extend up to the structure and inundate the sandy beach. As a result, Delaware
will likely accept the loss of beach land before forcing property owners to
abandon their land.
Based on existing state policies, private landowners will be allowed to protect
their land through nourishment or hard structures. As a result, the key
determinant of future response scenarios will likely be which lands are
sufficiently developed to warrant protection. For example, a community of high
density development will likely find it economically feasible to protect their
property, while farmers along the coast will likely find it economically
prohibitive to maintain hard structures and salt water pumping devices needed to
keep advancing salt water from destroying the crops. Consequently, the countydriven zoning and land-use decisions will shape the areas of land that will be
developed  and therefore desirable to protect  versus those lands likely to
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remain in agricultural production or open space  and likely to be abandoned as
sea levels rise.
County Policies
To complete our analysis of response scenarios, we investigated each county's
land-use planning policies. Each of the three counties differs in the way it
handles land-use decisions along the coastline. Sussex County is already highly
developed and will likely experience further development of lands adjacent to
the ocean and inlet bays. By contrast, Kent County's coastal area is
predominately composed of publicly-owned and agricultural lands, and faces
little to no development pressures.
New Castle County discourages
development in the southern portion of the county, while extensive development
already exists within its northern reaches. These differences create a varied and
interesting array of responses.
Sussex County:
In Sussex County, seasonal and permanent residence
development pressures are strong from the community of Lewes south to the
Maryland border. With much of the county's infrastructure (such as roads and
centralized sewer systems) already located in these areas, the county also wishes
to focus future development here. Currently, the county and state have plans to
expand centralized sewer service to the area. As a result, over the next 50 years,
it is likely that the remaining agricultural land along the coast and inland bays
will be developed for residential and commercial purposes. Consequently, it is
also likely that these lands will be protected from sea-level rise.
Development pressures around wetlands are also great in Sussex County’s
coastal and inland bay area. Aside from setback requirements of 50 feet, the
state and county currently do not prevent new construction immediately upland
of wetlands. As sea levels rise, the aquatic vegetation of some wetlands would
be able to migrate upland, thus creating wetlands further inland. When
development surrounds a wetland, however, the natural migration may be
blocked. Because the state plans to permit the construction of hard structures
needed to protect private lands, the county’s wetlands could be blocked from
migrating and therefore become inundated. The county may therefore also lose
the diverse habitat that helps to sustain many economically and recreationally
important fish and bird species as well as the flood protection benefits that help
protect nearby property.
In contrast to its coastal area, Sussex County seeks to limit development along
Delaware Bay. This area is primarily agricultural land and largely rural in
nature. To build in this area, a developer must meet several zoning ordinances,
including a minimum lot size for single family residential units of ¾ of an acre.
Additionally, many of the agricultural landowners have granted development
rights to the state. Consequently, this area will mostly remain in agricultural
production while development pressures continue to focus on ocean facing
property. As a result, based on the assumption that it will become economically
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prohibitive to protect agricultural land, we project that most land adjacent to
Delaware Bay in Sussex County will be abandoned as sea-level rise inundates
the land.
Kent County: We project that Kent County will respond in a similar manner to
Sussex County for its land adjacent to Delaware Bay, which is dominated by
public wildlife refuges, wetlands, and agricultural lands. Much of the
agricultural lands are in the state’s agricultural preservation districts and owners
have permanently or temporarily granted development rights to the state. In
cooperation with the state, Kent County has delineated a growth zone within
which they seek to focus future development. This area is located in and around
the major highways, Routes 1 and 13, and is for the most part outside of the area
of concern. As a result, private lands in Kent County's coastal area will likely
remain in agricultural production and be abandoned as sea levels rise and salt
water begins to infiltrate the crop soil.
New Castle County: Unlike Kent County, New Castle County is comprised of a
mix of agricultural and highly developed lands along the Delaware Bay and
River. The land in the northern part of the county is already developed and will
almost certainly be protected from rising water, especially around the city of
Wilmington. It is land-use decisions in the south that will have the most affect
on sea-level rise response scenarios. Currently, the county seeks to keep these
lands in agricultural production. Several land-use regulations help to keep
development away from the coast, including a setback requirement that prevents
new construction within 50 feet of the 100-year floodplain. This policy keeps
most development out of the area vulnerable to sea-level rise. As a result, the
developed lands in the northern part of the county will likely be protected, while
the southern agricultural areas will likely be abandoned. If this setback is not
enforced, however, the agricultural land may also be developed and protected
from sea-level rise.
Conclusions
Delaware is making a large investment of public monies to protect the coastal
area of Sussex County. The investment is largely to protect the state's important
tourism industry, which relies on the sandy beaches for drawing visitors.
Through beach nourishment and protection of the dune systems, the state seeks
to protect the public beaches, particularly Rehoboth and Bethany. Implicitly, the
state may therefore also be encouraging greater development in these areas by
providing beaches more attractive to tourists and seasonal residents (e.g.,
through the widening of beaches and protection of coastal property). In Sussex
County, development surrounds wetlands, effectively restricting future
migration of these lands. As a result, in the future the state may be forced to
choose between maintenance of coastal wetlands and protection of the tourism
industry. Responses in other states  such as in New Jersey  have also been
targeted toward protecting tourism interests; however, these responses attempt to
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strike a balance between the protection of developed areas and wetlands by more
clearly delineating environmentally sensitive areas.
The information we collect through this analysis also provides the first step
toward determining whether the response to sea-level rise in Delaware could be
more economically efficient. While the protection of Sussex County's tourism
industry is currently cost-effective (see Parsons and Powell, 1998), as beach
nourishment becomes more costly due to sea-level rise, the state will likely
abandon nourishment in favor of hard structures. If hard structures are required
in the future, though, the sandy beaches that draw visitors could be lost as seas
rise up to the structure and inundate the beach. As a result, the investments the
state is making now could result in a situation in the future where the developing
tourism infrastructure faces a loss of the attractive sandy beaches and a decline
in revenue. In future analyses, by examining the cost of protection of these
lands and the potential value of lost land and structures, we could evaluate the
total costs of the currently most likely scenario and compare with costs based on
alternative responses. Additionally, we could incorporate into the analysis the
costs and subsidies of flood insurance to consider total societal costs. Scenarios
like these can help identify whether the response could be made more efficient
through policy adjustments.
Delaware's response in Kent and New Castle Counties is vastly different
compared to Sussex County. These counties have identified the natural and
wetland lands that they wish to protect. In particular, by preventing
development in the 100-year floodplain, New Castle County restricts
development from the areas likely to be inundated by sea-level rise and
indirectly provides for wetland migration. Kent County also discourages
development along the Delaware Bay, however, without a regulation such as the
prohibition of construction in the 100-year floodplain, property owners may still
be able to build in the area. As a result, property owners may develop their land
despite the risks to the property and nearby wetlands. Throughout the nation,
clearer discussions and policies will ensure that people understand the risks they
face and can base development decisions on the local-level policies that will
affect their own choices when sea-level rise threatens their property.
This research was partially funded by EPA under Contract No. 68-W6-0055.
The authors wish to acknowledge Jim Titus for his contribution to developing
the scenarios and methods for this project. The views presented are the authors
alone and do not necessarily reflect opinions of the Environmental Protection
Agency.
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GIS AND THE NETARTS LITTORAL CELL MANAGEMENT PLAN
David Revell, Marine Resource Management,
College of Oceanic and Atmospheric Sciences
Oregon State University
The 1997-98 El Niño caused significant erosion in the Netarts Littoral Cell,
Oregon. (Figure 1) Wave attack breached a foredune in front of Cape Lookout
State Park. A bluff failure north of the tidal inlet into Netarts Bay threatened The
Capes Development forcing Tillamook County to condemn 8 homes. This
erosion focused attention on the area and created a unique opportunity to address
coastal hazards on a regional scale. On the Oregon coast, basalt headlands divide
the shoreline into a series of compartments called littoral cells, which constrain
the flow of sediments. Littoral cell planning incorporates scientific knowledge
with local needs and concerns to create an all hazard, cell-wide management
plan.
Key elements of this pilot project include a
partnership incorporating input from a variety of
different stakeholders and the development of a
Geographic Information System (GIS) to identify
hazard zones and integrate the science. GIS
provides an opportunity to bridge communication
barriers that have historically existed between
scientists, managers, planners, and local citizens
who speak relatively different languages. Remote
sensing technologies, in particular LIDAR and
aerial photography, facilitate detection of erosion
patterns at a variety of scales. The coupling of
GIS and remote sensing enables a diversity of
data sets to be combined, facilitating decisionmaking, and resulting in the creation of a spatial
decision support system.

The Capes

Cape Lookout State Park

Figure 1 : Netarts Littoral
Cell

Spatial Decision Support Systems
Spatial Decision Support Systems (SDSS) are becoming an integral part of GIS
evolution. SDSS is an interactive, computer based system designed to support a
group of users to achieve a higher effectiveness in decision making while
solving a semi-structured spatial problem. A semi-structured problem refers to a
spatial issue, in this case coastal erosion, which can be programmed into a
computer, but lacks the input of user perceptions and values. Increased
efficiency in decision making originates from the GIS capabilities to identify
alternatives based on spatial relationships such as connectivity, proximity, and
257

overlay methods. Decision-makers incorporate their values and preferences by
ranking various evaluation criteria. Ranking criteria determines which factors,
such as landslide presence, elevation, or retreat distance, play the major role in
identifying hazardous areas and potential redevelopment locations. Some GIS
operations include buffering, overlaying risk zones, and examining proximity of
parcels to hazards. Another method by which the Netarts Coastal Hazard GIS
expedites decision making is through the use of an Arc Macro Language (AML)
script that enables the user to interactively design dune hazard zones.
GIS Development in Tillamook County
Initial GIS database development in Tillamook County grew out of the work
program for the Tillamook Bay National Estuary Project (TBNEP). Subsequent
technical GIS support involves the NOAA Coastal Service Center as part of a
federal Performance Partnership. The Oregon Department of Land Conservation
and Development (DLCD) has also invested money into GIS in Tillamook
County to develop a Coastal Hazard Inventory, with technical expertise and
mapping provided by the Oregon Department of Geology and Mineral Industries
(DOGAMI). The Netarts Coastal Hazard GIS has developed as a demonstration
project for the Coastal Hazard Inventory and to support the creation of the
Netarts Littoral Cell Management Plan.
Netarts Coastal Hazard GIS
The Netarts Coastal Hazard GIS inventory includes physical, cultural,
biological, and hazard layers identified by a Technical Advisory Group,
Stakeholders and the Public. The input by the stakeholders and public were
driven by responses to surveys regarding specific issues of concern. Sample
management questions driving the inventory design include:











What areas may be susceptible to various types of hazards?
What are safe development setbacks?
What areas are eligible for shore protection structures?
How much damage would a tsunami cause?
Where are the different backshore and beach types located?
What is the vegetation coverage for the cell?
Where are the sensitive biological species located?
What types of geology are present along the shoreline?
Where are existing shore protection structures?
Where are the public access points?

Once data layers were identified, the collection of existing data occurred from
two primary sources. The Tillamook Coastal Watershed Resource Center,
provided data from the TBNEP, and the Oregon State Service Center for GIS.
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Objectives of the GIS
The data model for the GIS incorporates the inventory with the SDSS design
and is illustrated in Figure 2. Four objectives of the Netarts Coastal Hazard GIS:

Objective 1 - Represent the littoral cell with a series of digital
maps
 Objective 2 - Quantify historic shoreline changes – trends and events
 Objective 3 - Generate Risk Hazard Zones
 Objective 4 - Create Decision Support System
Netarts GIS Data Layers

Representation Model
How can we describe the littoral cell?

Change Model
What are the historical changes?
What is the sediment budget?

Impact Model
Where are the hazardous areas?

Decision Support Model
What should we do?
Where should we avoid?

Orthophoto Basemap
1994

Seasonal fluctuations
Trends - sea level rise

Erosion Models
Dune Backed
Bluff backed

Tax Parcel Layer

Cultural Layers
Tax Parcels, Roads, Hiways

El Nino and La NIna Events

Geometric Model
Hazard Risk Polygons

Queries to Tax Parcel Layer

Physical Layers
Geology, Slopes, Creeks
Current Shorelines

Shoreline Changes
Rectified Air Photos
1967, 1984, 1994
1997, 1998, 1999

Tidal Inlet
Migration and Deflection

Workshop support

Biological Layers
Netarts Watershed Assessemt

1997-98 LIDAR Data
Pre and Post El Nino

Landslides

Bathymetric Changes
1957-2000

Figure 2: Netarts Coastal Hazard GIS Data Model

Objective 1 - Represent the littoral cell with a series of digital maps
The Representation Model addresses the question, how can we describe the
littoral cell? To completely answer this question, data had to be collected
representing the physical, cultural, biological and socio-economic aspects of the
littoral cell.
Objective 2 - Quantify historic shoreline changes – trends and events
The second GIS objective addresses the questions; what are the historical
shoreline changes, and how much erosion does El Niño cause? The first task
was to obtain historic aerial photography, register the images, rectify the images,
and then digitize two shoreline reference features. Digitized features include the
wet sand line giving an estimate for mean high water (MHW), and the seaward
most vegetation line that gives an estimate for the toe of the dune and bluff.
Fluctuations in the location of MHW provide evidence for seasonal changes as
well as long term sea level rise. Change of toe location provides evidence for
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episodic erosion events. Historic nautical charts (1927 & 1955) depict MHW,
and extend the temporal span of the shoreline change analysis. The many
potential errors in shoreline change analysis are beyond the scope of this paper.
The second method to measure shoreline change comes from the new LIDAR
data set. LIDAR, standing for LIght Detection And Ranging, applies airborne
laser altimetry to generate a Digital Elevation Model (DEM) with a 2 m2 pixel
resolution. NOAA, NASA, and USGS collaborated to fly two data runs over
1000 miles of coast as part of a West Coast El Niño impact assessment. The
flights occurred in October of 1997 and in April of 1998, bracketing the El Niño
storm season. By subtracting the DEM’s, it is possible to quantify the various
scales of erosion patterns caused by the 1997-98 El Niño storm season. It is
important to note that these flights capture a seasonal fluctuation of the beach,
and an El Niño shoreline reorientation as seen below in Figure 3.
Beach profiles were extracted from the LIDAR data at 100 m intervals, then a
40 m section of the cross shore profile was chosen to create a 4000 m2 polygon.
This polygon filtered the raw data and isolated the sandy beach. The mean
differences in each polygon, plotted from North to South, show the trend of
shoreline reorientation, periodic paired rip embayments and accretion, and a
seasonal fluctuation in the beach.

Figure 3: LIDAR 1997-1998 difference showing cell wide reorientation and periodic
f erosion and accretion.

Objective 3 - Generate Risk Hazard Zones
Objective three addresses the question, where are the hazardous areas? This
objective incorporates science into the decision support system by generating
risk zones from both predictive erosion models and field assessments.
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Geometric Model of Foredune Erosion
The geometric foredune erosion model of dune backed shorelines was developed
by Komar et. al., 1999. It assumes a simple geometric cut into a dune based on
a combination of extreme water levels, beach slope, and wave attack. Necessary
parameters include: wave height, period, tide level, beach slope, run-up, and a
few optional parameters accounting for sea level rise, shoreline retreat, and a
decreased beach level (such as from a rip embayment). The following scenarios,
based on actual storms and independent probabilities of extreme water and wave
levels were used to calculate the High, Moderate, and Low risk zones (Table 1).
Beach Slope = .05

High

Moderate

Low

Wave Height Hs

12.0 m (39.4’)

14.0 m (46’)

16.0 m (52.5’)

Wave Period T

15 sec

17 sec

20 sec

Wave Runup R2%

4.4 m (14.4’)

4.8 m (15.7’)

6.0 m (19.7’)

Water Level WL

2.4 m (7.8’)

2.2 m (7.2’)

2.5 m (8.2’)

HAZARD ZONE

72 m (236’)

80 m (262’)

108 m (354’)

Table 1: Event Scenarios for the Dune Hazard Zone Assessment

Limitations and Merits of the Geometric Dune Erosion model
The model was calibrated with measurements from the 1997-98 LIDAR data,
and storm parameters from the largest El Niño storm. Comparing predictions
with actual erosion revealed limitations of the model. The assumptions and
limitations of the dune erosion model need to be understood so future users of
the GIS can properly apply the model.



Assumes instantaneous cut of the dune regardless of storm duration.
Assumes net littoral drift is zero.

No accounting for a foredune breach and flooding into the deflation
plain.

Does not address a mixed sand and cobble beach with different
slopes and erosion coefficients.

Merits to the model include:





A good estimate of cumulative effect of episodic erosion.
An overestimation of storm cuts increase safety factor into risk zones.
A separate trend for sea level rise.

Bluff Hazard Zones
Bluff erosion can be examined for both trends and episodic events. Trends relate
more closely with sea level rise and annual recession rates, while block failures
are generally triggered by unusual events such as earthquakes, extreme storm
wave attack, or sustained rainfall. Other factors affecting rates of bluff erosion
include composition, wave attack, and height. Most bluffs in the Netarts littoral
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cell are Pleistocene dune bluffs with varying levels of material consolidation.
Basalt bluffs, such as the headlands of Cape Lookout and Cape Meares are quite
resilient to wave attack. Block failures are associated with all types of bluffs,
with the larger failures connected with deeply penetrating bedrock landslides.
Using field observations, George Priest of DOGAMI created the Active, High,
and Moderate bluff risk zones. Due to limited resources, these observations were
confined to maximum block failure width, angles of repose, and angles of long
term stability. Delineation of seven distinct geological units resulted in
application of different hazard zone calculations based on bluff composition,
angles of repose, bluff height, and landslide presence. DOGAMI included an
average recession rate from data collected in Lincoln County on similar bluffs of
.27 ft/yr. Changes in the Moderate Hazard Zone reflect consideration of
prehistoric slides or susceptibility to wave attack. Eventually proposed
management options from the stakeholder group could be attributed to each
zone to show hazard avoidance alternatives.
Objective 4 - Create Decision Support System
Creating a SDSS elevates the GIS from being a map maker and data viewer to a
spatial decision support tool. The primary method to do this involves queries to
Tax Parcel layer attributes. Department of Corrections under contract with
Oregon Parks and Recreation Department (OPRD) digitized the parcel polygon
layer. Differences between planned maps and constructed reality created some
errors regarding absolute locations of tax lots. This layer should not be used to
resolve property line disputes or take the place of land surveying. This layer
does however show the relative location of properties, enabling hazard
assessment and facilitating decision making.
To couple the county planning databases with this layer, the parcel ID number
for each parcel was attributed to each polygon. To join the polygon layer with
the county planning databases, the Tax Parcel layer was joined on the Parcel ID
field (PIN number). The attribute table was populated with data identified during
the public and stakeholder workshops. Some of the basic attributes include:








Parcel ID
Landowner contact information & assessed property value
Physical Characteristics –Shore type, elevation, average annual recession rate
Developed vs. Undeveloped - Developed prior to January 1, 1977,year unit built
Setbacks - Calculated risk hazard zone, distance of unit from crest, setback from
eastern most point of the site
Beach Conditions - Width of beach at winter low & high tide, % veg. cover,
presence of driftwood or cobbles
Shore Protection Structures - Type of structure, erosion at flanks, year built

These attributes enable GIS queries to answer many of the management
questions that were raised by the public, stakeholders, and planning agencies.
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Workshop Support
The GIS was used throughout the public and stakeholder workshops to provide
in depth exploration of the littoral cell. Interactions during workshops created
many opportunities to educate the public and stakeholders about GIS, and
answer questions. One example of this occurred during the January 29th, 2000
Dune Hazard Workshop when one of the stakeholders asked whether Netarts
Spit would be breached. Using the dune erosion model and the most extreme
storm event, erosion predictions did not extend into Netarts Bay indicating that
the probability of a spit breach was less than a 1 in 1000 year storm event.
Conclusions and Recommendations
In conclusion, GIS and littoral cell planning address coastal hazards by
providing a rapid assessment of hazards and providing a scientific baseline for
decision making. Remote sensing, especially LIDAR, enables large scale coastal
behavior to be quantified and mapped. The dune erosion model proves an
efficient method to generate risk hazard zones on the Oregon coast, but
limitations must be understood to avoid misapplication. GIS facilitates the
examination and communication of diverse data sets in a manor that promotes
interactions among stakeholders and across disciplines.
Recommendations for future use of GIS in littoral cell planning would be to
develop a standardized set of base layers prior to any workshops. The GIS could
then incorporate stakeholder needs and additional concerns by expanding the
criteria ranking and adding more data into the decision support system. One of
the limitations on the GIS development has been the slow development of the
tax parcel layer. Providing planning agencies with a list of necessary parcel
attributes up front would expedite parcel layer creation. The attribute list could
also provide a mechanism to involve stakeholders more directly in the research.
To expedite future bluff hazard zone calculations, an automated technique based
on angles of repose, bluff composition and average recession rates should be
created. However, this method will lack field observations regarding block
failure widths and susceptibility to wave attack. Overall, GIS provides an
effective means to blend science with management to assess coastal hazards.
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NORTH BEACH, SAMISH ISLAND:
IS THIS MULTI-HOMEOWNER, PRIVATELY FUNDED, PROJECT
THE FUTURE OF BANK STABILIZATION IN PUGET SOUND?
Ian Zelo, University of Washington, School of Marine Affairs
The Problem and the Future
The future of shoreline protection in the Pacific Northwest and more specifically
in Puget Sound is changing rapidly. The old ways of doing business are being
rejected and new shoreline practices are emerging. This shift is being driven, in
no small part, by the declining condition of numerous runs of salmon and bull
trout and their subsequent listing under the Endangered Species Act. As the
current methods and processes for shoreline development are reconsidered in
light of ESA and the push is made for softer more environmentally friendly
shoreline solutions, it will be important to examine existing examples of what
the future might bring. There are many potential solutions to shoreline erosion
ranging from elaborate geotechnical methods to simple changes in development
practices. In addition to the physical solutions that must be reviewed, the
decision making processes that will enable the implementation of these solutions
must be considered.
In Puget Sound 90% of the shoreline is zoned for single family residential (SFR)
development. In Washington State certain regulatory conditions exist to relax
the regulation of construction of bulkheads and other shoreline armoring
structures intended to protect these properties. These two conditions combine to
raise concern about the future of SFR development to a very high level.
Following our current path, the potential for cumulative environmental impacts
is large. Conversely, as regulatory control increases the apparent threat to
private property rights is clear. For these reasons, my thesis research is focused
on the future of SFR development and the processes that will be effective in
reaching acceptable solutions for all participants.
Samish Island is a peninsula that juts westward into Puget Sound from the
eastern shore mid-way between Anacortes and Bellingham. Early in 1999
thirteen homeowners completed a large beach renourishment project that spans
the approximately 1000 feet of shoreline in front of their homes. This project
arguably represents the future of SFR development. In the future political
climate it will be increasingly difficult to justify piecemeal hardening of Puget
Sound shorelines. Larger, group projects, that take a systems based approach to
solving erosion problems, will almost assuredly have distinct advantages in the
future in terms of permitting and construction. That being said, it is also easy to
see why this type of group project may be very difficult to accomplish. For a
large number of homeowners to act in unison on a large complex goal as they
have done in this case is difficult if not impossible in many situations. There
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were, in fact, many people who doubted that the residents of Samish Island
would succeed.
After extensive interviewing and background work, my research will examine
what factors contributed to the success of this project in North Puget Sound.
The island and the residents have a unique history. It will be essential to separate
those factors that will be transferable to other projects in the region and those
factors that are a function of the site.
Bellingham

Anacortes

Location: Samish Is. In Northern Puget
Sound
Samish Bay

North Beach

Location: North Beach on Samish Island
Site History
The residents of the North Beach site (north shore of Samish Island) live on
what was once a sand spit that developed waterward of high, unconsolidated
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bluffs. The lagoon behind the spit was filled for agricultural purposes and was
subsequently sold for residential development. As development of the island
progressed, the condition of the beach changed from sand to cobble and the
beach level dropped approximately five feet. Many of the cottages on North
Beach have been in their respective families for generations - with land
purchased and houses built between 1925 and 1927. When residents were asked
how long they have been familiar with the site quite a few responded they’ve
been coming their entire lives - that their mothers brought them to the beach
even “before they were born”. The residents' long standing connection with the
beach, their memory of the way their beach used to be and their sense of
community with each other are factors that will be investigated.
Process Description
There are several aspects of the process itself that bear examination as well. The
first is the history of the problem at the site and the resulting connection to the
regulatory agencies. Residents of North Beach were aware that there was an
erosion problem long before this project began. There is a history of building
and rebuilding bulkheads on the beach. Several years before the immediate
trigger for the project occurred (4 bulkheads failed in one storm) residents of the
beach had been in contact with the WA Department of Ecology and had begun
their own education on beach processes and possible long term solutions.
Second, the residents' choice for a group leader is also of interest. The man who
took the job as coordinator and liaison between the group and the agencies,
designer and contractor is a retired local businessman. He has also been an
active community member in Skagit County for many years (school board etc.)
and is well know and respected in the region. Third, their choice for a designer
may have also played a significant role in the outcome. In addition to assisting
their community representative in facilitating the process, the designer acted as
an effective liaison to the agency permit reviewers and was instrumental in
educating the stakeholders involved. Finally, there were three or four residents
that chose not to participate in the end and their positions and reasoning must be
considered if the process behind this project is to be useful in the future.
Ian Zelo
School of Marine Affairs
Marine Studies Bldg.
3707 Brooklyn Ave. NE
Seattle, WA 98105
Phone: (206) 685-2494
Email: zelo@u.washington.edu
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THE SURFRIDER FOUNDATION
STATE OF THE BEACH REPORT
Chad Nelsen, Surfrider Foundation
Jay Griffin, Robin Park, & Bonnie Cha, Surfrider Foundation Interns
In 1999, Surfrider initiated the State of the Beach report as part of its
Beachscape program to provide an annual update on the status of our nation’s
beaches. Beachscape is a community-based beach mapping program that
provides information on important coastal issues such as public access and water
quality.
The Surfrider Foundation, an international grassroots coastal
environmental organization, began Beachscape to empower local citizens and
governments with information necessary to monitor changes in their beaches.
The Surfrider Foundation is a non-profit environmental organization dedicated
to the protection and enjoyment of the world's oceans, waves and beaches
through conservation, activism, research and education. We are a grassroots
organization with 48 chapters around the nation. The Surfrider Foundation's core
competency is community-based education and activism. To strengthen and
build on our grassroots educational focus, the organization disseminates sciencebased information at the community level. Surfrider accomplishes this most
effectively through the development of programs, such as Beachscape, for
chapter implementation. Surfrider's programs work because they are used at the
community level. The programs and the data they generate educate students, the
public and coastal management agencies about local, regional, national and even
global environmental issues and problems, while giving them lessons, data and
tools they can apply in their own "backyards."
This inaugural State of the Beach report will evaluate the public availability of
state level coastal information, as well as compare each state’s status on critical
beach health indicators. Eventually, as the Beachscape database grows with
information gathered by local Surfrider chapters, the State of the Beach report
will become a true measuring stick by which local citizens can judge the health
of their beaches. Beachscape will serve as a central data source for local
citizens to check the status of their beaches, and each year the State of the Beach
report will summarize the health of our nation’s beaches. For the evaluations,
Surfrider chose criteria that reflected issues pertinent to monitoring the health of
America’s beaches:
•

Beach Access is the public's ability to reach the ocean and includes
the facilities that improve access (such as parking lots, stairways,
and restrooms). Because the beach is a public resource and all
people have a right to enjoy the beach, access to it should not be
limited. It is essential that beach access remains compatible with
coastal conservation goals so that public access does not negatively
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impact the coastal environment. The public can improve their
access to the beach through awareness of beach access locations
and by fighting against any attempts to limit access.
•

Surf Zone Water Quality is the level of pollution in the ocean and
its effect on recreational uses such as surfing or swimming.
Coastal outfalls, such as sewage pipelines and storm drains, carry
land-based pollutants to the ocean. Although beach water quality
monitoring efforts are underway in most coastal states, consistent
monitoring along with information on outfall locations can
improve the correlation between elevated pollutant levels and
upstream sources of pollution.

•

Shoreline Structures, also known as “armoring,” are attempts to
protect homes and other development along the shoreline from
beach erosion. Examples include groins, jetties, and seawalls.
These structures often provide only short-term fixes and frequently
have an adverse effect on the beach by accelerating erosion in
areas adjacent to the structure.

•

Surfing Areas are a valuable recreational resource. Shoreline
armoring, loss of access and degradation of water quality threaten
surfing areas. By creating an inventory (not a guide) of surfing
areas that documents their existence and use, the loss and
degradation of surf breaks can be tracked and prevented.

•

Beach Erosion decreases the width of dry beach. Gradual sea level
rise is causing beach erosion to occur naturally, however this
erosion is not problematic unless it interferes with human
development. In addition, many coastal development activities,
such as damming rivers or constructing shoreline structures that
restrict the flow of sand, often accelerate erosional processes. By
having information on erosion rates for a coastline, local citizens
and their government can avoid shortsighted development of
erosion-prone coastal areas.

•

Beach Nourishment projects dump sand on a beach to offset sand
lost to erosion. Used as an alternative to shoreline structures, this
"soft stabilization" method is often costly and is usually funded
with taxpayer money at thefederal, state, and local level.
Unfortunately, many times the “life expectancy” of a beach
nourishment project is overestimated.

To compile the information for the State of the Beach report, Surfrider searched
each state’s coastal management web site. Only two state coastal management
programs did not have a web site (Maryland and New Jersey). As there was a
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wide range in the amount of data available from the web sites, Surfrider
contacted each of the state coastal management program offices via telephone
and/or e-mail to ask for additional information. For this study, Surfrider
approached the states from the vantage-point of a concerned local citizen. Using
the Internet and telephone as its only research tools, Surfrider wanted to obtain
as much freely available information as possible from each state. This report
evaluates each state based on the availability of information and its comparative
status of each indicator. Using the colors of lifeguard flags (green, yellow, and
red) as rankings, a green flag indicates a good condition, a yellow flag indicates
a warning, and a red flag indicates danger. Readers will be able to chart changes
in their respective states by using this easy-to-use color-coded system. Here is
what the Surfrider Foundation found about the state of the beaches in 1999:
Conclusions/Findings
Surfrider found relatively sparse information for the State of the Beach report. .
Over seventy percent of the flags given to states for information availability are
red (information not available) or yellow (information difficult to obtain or
understand). Surfrider encountered numerous data gaps, especially in the areas
of coastal outfalls and shoreline structures. In many cases we were told the data
does not exist. However, data gaps do not necessarily mean the information is
entirely absent - it simply may not be obtainable within two or three rounds of
searching. The beach health indicators are a warning that without better
information gathering or more stringent coastal policies, many of our coastal
resources are at risk. Almost three quarters of the status indicators are red or
yellow, warning that the status of the indicator is not in agreement with the
general goals of coastal zone management
Overall, the results of this study point to the need for easily accessible
information - information that can be found with relative ease over the Internet
or through state coastal management program offices. A more stringent
monitoring of beach health indicators is needed to ensure long term coastal
management that provides healthy and accessible beaches. Through this
research, Surfrider Foundation made the following conclusions on the state of
the beach:

Figure 1: In this graph green represents good information found, the blue
represents average or poor information found for the beach health indicators.
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Figure 2: This graph represents the summary of the status of the beach health
indicators. The yellow and red represent beach health indicators that are not in
accordance with coastal zone management goals.
Beach Access
Information:
• Beach access is the strongest area of almost every state’s coastal
management program. All but two states provide information on access.
Unfortunately, most access guides do not illustrate gains or losses in beach
access.
•

Most states have published guides to beach access, with the California
Coastal Access Guide topping the list as the most thorough and complete
guide to state beach access.

Status:
• In general, beach access is plentiful on the West Coast. Along the East
Coast beach access is severely limited in several states. The States with the
highest level of accessibility (shortest average distance between access
points) are California and Rhode Island with average distances of 1.9 and
1.94 miles between access points, respectively. Lateral access, or the ability
to walk along the beach has been secured in most states; the notable
exceptions are Maine and Massachusetts where the beach between high and
low tide is considered private.
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Surf Zone Water Quality
Information:
• In general, it is difficult to collect information on water quality monitoring
results. The Natural Resources Defense Council puts out a comprehensive
report summarizing beach closures in their annual Testing the Waters
report.
•

Little to no information is available at the state level on the location or
number of storm drains or sewage outfalls. In most cases, this information
exists at the local level. Although this may be appropriate for civil works
projects, it is not optimal for solving statewide water quality problems.

Status:
• Beach water quality monitoring standards, testing, and public notification
are not consistent among coastal states. However, there has been an overall
trend toward more frequent beach closures and advisories during the past
few years. This may indicate an increase in water quality monitoring,
changes in standards for closures, increased storm events or an actual
increase in polluted waters.
Shoreline Structures
Information:
• Little information is available on the location and number of structures built
on the beach. Although many states may have this information through
their permitting process, it appears that few states have inventoried their
shorline structures.
Status:
• Although many states have heavily armored coastlines, most states are
moving away from the use of hardened structures as the standard response
to eroding shorelines. Structures (such as seawalls or groins) can protect
homes and businesses, but have adverse effects on the surrounding beach.
By banning them, North Carolina and South Carolina have led the charge
against the use of these potentially beach-damaging structures. Of course,
exceptions are still made under emergency clauses.
•

In addition, there is evidence that homeowners often put structures in place
without permits under emergency conditions.
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Surfing Areas
Information:
•

Only two states (California and Hawaii) have documented surfing areas in
published beach access guides. A comprehensive list of well known surf
spots in all coastal is available through Surfer Magazine’s Surf Report.

Status:
•

Along the West Coast of the United States, conditions of surfing areas range
from good to fair and there is a fair recognition of the value of surfing areas.
California, through permit conditions, has stated that surfing areas are
important recreation resources that deserve protection. The main threat
affecting surfing areas is water quality. On the East Coast, surfing areas are
in good to fair condition as well, but beach access and beach nourishment
are major concerns.
Beach Erosion

Information:
• Most states have numerous studies on shoreline change and erosion. Much
of this wealth of information is not readily accessible to the public. Even
when the information is available, the reports are often so obscured by
technical language and length (some up to 1,000 pages) that only a select
few individuals outside the target audience can glean meaningful
information from them. Without this important information, poor coastal
development and planning will continue along the coastline. It is essential
that the general public understand the dynamic and eroding nature of the
coastline so that beaches are not sacrificed to protect the “front row” of
homes along the coast.
•

A few states have created “user-friendly” methods of distributing available
erosion data. Florida, for example, has an excellent web site where areas
that are designated as critically eroding are graphically represented on a
map of the state. A few other state coastal management programs, such as
Massachusetts, have long-term shoreline change/erosion rate maps available
to the public.
Beach Nourishment Projects

Information:
• In response to shoreline erosion, beach nourishment has become the
compromise between hardened structures and outright retreat from the
coastline for many states. In places like Virginia Beach and Miami Beach,
beach nourishment is a regular occurrence. In these specific cases, the
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economic value of tourism far outweighs the costs associated with
nourishment.
•

Delaware, Florida, New Jersey, and South Carolina provide complete
information on beach nourishment projects. The reports include location,
cost to the state, and date projects are completed. Florida nourishment
project information is available through the Florida State University web
site.
Recommendations

There is a wide range in our indicators between state coastal programs, partially
due to differences in federal funding. Under the Coastal Zone Management Act,
state programs receive funds based on various factors, including population and
length of coastline. However, it is important for all coastal states to recognize
the important aesthetic and economic value of their beaches and set priorities to
guarantee the long-term health of their coastal zone. Without proper monitoring
of beach indicators it is impossible to evaluate the effectiveness of current
coastal zone management policies.
Within each state program different priorities are set for different coastal issues.
Therefore, these recommendations may not apply to all states. However, states
can learn a great deal from the successes and shortcomings of other state coastal
management programs.
Public Access
•

States should make efforts to provide information on beach access to
everyone. Whether this is through a web site (North Carolina) or through a
published guidebook (California), the information should include not only
access locations but also facilities at each location, especially public
transportation, parking and restrooms. These guides should be used as a
tool to track changes in the quantity and quality of beach access.

•

States with limited beach access should open beaches to everyone and
provide information to the public on regions where access is available or
unavailable.

•

Beach access may be improved through collaborative efforts with local
volunteer groups.
Surf Zone Water Quality

•

At minimum states should adopt the water quality monitoring requirements
of the 1999 federal B.E.A.C.H. bill, which include standards, regular testing
and public notification of pollution as minimum standards. States should
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also test for toxins, heavy metals, and viruses in areas where known water
quality problems exist.
•

In order to improve water quality in the surf zone, local citizens must first
determine the source of pollution. Obtaining information on the locations of
storm drains and sewage outfalls is useful to local and state water quality
officials, enabling them to make a more thorough analysis of water quality
monitoring results.
Shoreline Structures

•

States should follow the lead of North Carolina and South Carolina and
create a forward-thinking, stringent policy against the hardening of the
shoreline that can be defended. A growing body of evidence points to the
detrimental nature of these structures and illustrates their disruption
ofnatural shoreline processes.

•

Shoreline armoring information for the entire coast should be made
available to all citizens. Knowing the extent of shoreline armoring is
beneficial to local citizens and states by providing information necessary to
evaluate the effectiveness of coastal policies and to assess the cumulative
impacts of structures.
Surfing Areas

•

An inventory of surfing areas should be maintained by each state to prevent
future loss of these recreational resources. Documentation of their existence
will enable local activists to protect threatened surf spots. Other important
coastal recreational areas should also be documented.
Beach Erosion

•

States should improve the public dissemination of erosion information.
Most states have erosion studies, often conducted by federal entities such as
the US Army Corps of Engineers or the US Geological Survey, but the endproduct is usually a report geared towards engineers or scientists, not the
local citizen. States should take the next step by transforming this
information into a format that the general public can understand and utilize.
Interactive erosion maps on web sites (Florida) or long-term erosion rate
maps on paper (Massachusetts, North Carolina) are useful tools for
concerned citizens.
Beach Nourishment

•

Information on beach nourishment should be readily available to the public.
The majority of funding for these projects comes from tax revenue (federal,
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state, and local). It is therefore the taxpayer’s right to have access to
information about these expenditures.
•

States should provide beach nourishment information following the format
for information provided by New Jersey and South Carolina. These states
provide detailed data on location, cost, and completion date of each project.
Another successful template is Florida’s FACT study, which includes a
geographic component to the nourishment data by creating a map of
nourishment project locations.

Chad Nelsen
Surfrider Foundation
122 S. El Camino Real, PMB# 67
San Clemente, CA 92672
Phone: (949) 492-8170
Fax: (949) 492-8142
Email: cnelsen@surfrider.org
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THE PEN SEEMS NOT MIGHTIER THAN THE SWORD
IN COASTAL JAPAN
Harvey A. Shapiro, Osaka Geijutsu University
The Inland Sea
The Seto Inland Sea (hereafter, S.I.S.) located in southwestern Japan is that country’s
largest and one of its most important estuarine coastal water bodies. It has an area of
23,203 sq. km and an average depth of 38 meters. Its watershed consists of 13 of Japan’s
47 prefectures and some 35 million people (30% of Japan’s total). Over 15% of S.I.S.’s
total area is in its biologically most productive area, 1-10 meters in depth, but only 24.6%
of the adjacent coast is still natural and 14.1% is semi-natural. Because of the
combination of the region’s mild temperatures, high degree of enclosure and large area of
highly productive shallows, the S.I.S. produces over 25% of Japan’s entire fish haul, from
which some 35% of the nation’s aquaculture production comes.
In addition, its internationally famous scenery of some 3,000 islands, large and small, on
a sea of blue led it to become Japan’s first designated national park in l934. However, its
calm sheltered character has long made it an ideal corridor for the safe passage of all
kinds and sizes of maritime vessels. Nearly half of the cargo going to Japanese ports is
handled in the region with an equivalent amount of Japanese marine vessels using them.
In addition, the large area of shallows has contributed to the region becoming a center of
Japan’s post-war industrial-based economic growth with over 30% of the nation’s
industrial capacity located in that region alone. The primary approach to providing land
for new port and industrial development (and more recently, residential and recreational
uses) in that region and elsewhere has been and still tends to be landfilling of the
productive shallows. Some 440 sq. km of the entire area of the S.I.S., nearly 2%, has
been lost to landfill over the last century, over 75% of this in the last 50 years alone. This
is some 13% of the regions most biologically productive shallows. Landfilling is the
major reason why so much of the region’s natural coastline, coastal access and
recreational opportunities etc. have been lost. Landfill construction and its subsequent
uses are major sources of the severe pollution of Japan’s coastal waters and what
environmentally concerned citizens oppose in the S.I.S. One of the most poignant but
seemingly least effective expressions of opposition is the pen, in this case poetry. In this
brief paper, a small sampling of the coastal and nearshore poetry ( in English translation
by Shapiro) of two contemporary Japanese poets who live or lived in the S.I.S. region in
areas with threatened or destroyed coastal environments is introduced.
The Two Poets and Their Poetry, in Context
The first is poetess Makiko Habu. She was born in l930 and grew up near one of the
S.I.S.’s most beautiful beaches, named Odagahama. It is located on the waterfront of the
city of Imabari on the north shore of Shikoku Island near the west end of the S.I.S. It was
1.8 km long, varies from 55-75 meters in width and is covered with white sand that
comes mainly from the weathered grantic mountains behind the city. She grew to
adulthood there experiencing the beauty and wonder of the place through her formative
years. When she married, she moved to Yokohama near Tokyo where she has been active
as a poetess, writer and an environmental activist, etc.
In l983, the mayor of Imabari City suddenly announced a plan to fill more than half of
Odagahama beach with a 34ha(14 acres) landfill to be used for industrial and new port
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facilities. This was part of a plan for general port expansion aimed at making the city a
transshipment hub of the region. The people’s reaction to the mayor’s plan was prompt
and vigorous. A signature campaign was started on a petition asking that the plan be
withdrawn. Over 300,000 signatures were collected nationwide. Also, some l.l00 citizens
filed a court suit aimed at obtaining an injunction on the used of public funds for the
project on the grounds that it violated the Seto Inland Sea Environmental Protection Act
which supposedly restricts landfilling in the region. Mrs. Habu read about the Imabari
landfill plan in a Yokohama newspaper, took pen in hand and started writing letters on
behalf of the Odagahama Beach Protection Citizens’ Association as well as the related
Coastal Access Rights Movement. She was reluctant at first to get involved as she was no
longer a local resident, but the local folks asked her to work for them...as a poetess. She
wondered about just what a poetess could do and finally concluded that she could best
help by expressing the people’s hopes and singing to the world of Nature’s beauty, as
reflected in this case, in her beloved beach. She believed that her pen could make
enough people sufficiently aware to move them (even the politicians?) to protect the
beach from fill. All of her sea and coast-related poems are memories (dreams, if you will)
of the sea and coast of her youth in her hometown. Here is a brief sampling of her poetry
which should be seen in the context of the struggle to save Odagahama beach.
In this poem, the poetess expresses her inherent optimism, love of life and of Nature’s
beauty. It was written in l972, long before the landfill issue arose:
The Morning Sea

umi no asa

Oh sea, umi
my blue hope.

watashi no aoi kibo

A May morning,
I walk along the beach,
picking up
seaweed and clam shells.
Bare feet...wet.

gogatsu no asa
nagisa o doko mademo aruite
kaiso o hiroi
kirei na kaigara
nureta ...suashi

Like a mirage,
the sunrise
o’r bay’s edge and dunes.
Footprints appear.
It’s morning,
the sea glistens.

umi no shinkiro e no kitai
hi wa nobori
irie ni soi
tsukideta sachi o koe
watashi no sokuseki ga
umaretsuzukeru asa
umi wa hikatteru.

In the following poem, the poetess nostalgically recalls the sound of the sea in her
childhood. It was written in l989 shortly after the landfilling of the beach began:
The Sound of the Waves
It was when
I got sleepy,
I began to think
of the sea.
I heard
the sound of waves,

nami no oto
nemukunatta toki deshita
umi no koto o
kangaeteita deshita
nami no oto o
kiita no desu
tatta hito nami datta keredo
tashika ni

278

No...only one
I’m sure now.
Grains of sand
and clamshells,
rolling by.
I long to chase them,
down the beach,
Just then,
fresh and clear,
The sparkling sea
caught my eye.
The sound
of the waves,
of a sea
ne’r rough nor calm,
Sang me to sleep.

korokoro korogaru saryu ya
kishago no kaigara o
futto oikaketakunaru hodo
mizu ga kirakira suru no ni
mitorete shimau hodo
azayaka ni
nami no oto
awatatsu umi de mo nai
sukkari no
nagi de mo nai,
nami.
watashi wa
nemuri ni
ochite
ikimashita.

The other poet is Keisuke Aoki. He was born in l932 in a fishing village on the north
coast of the Harima Strait (west of Kobe) where he still lives. After graduating from a
university in Kyoto, he returned to his hometown and became the Buddhist priest at a
temple there in the mid-l960’s when Japan earned its post-war reputation as an
“economic miracle” due to its phenomenally successful economic growth. The central
government’s Income Doubling Plan of l960 was expressed concretely in the so called
“Pacific Belt Scheme” to achieve income doubling in ten years or less. This scheme
called for increasing industrial production four time by dispersing industry throughout the
Pacific coastal belt in ten new industrial cities and six special industrial development
areas to be located there. Nearly half of them were concentrated in the S.I.S. region. The
entire north coast of the Harima Strait was designated as one giant “special industrial
area” with innumerable polluting factories and oil refineries etc. concentrated almost
exclusively on huge, new, coastal landfills located in the area’s biologically most
productive coastal shallows. It was the loss and/or pollution of those areas that moved
Aoki to become an environmental activist in the mid-’60’s. In l971, he joined forces with
local fishermen and laborers to form the Harima Strait Environmental Protection
Association, an NGO which he still heads. Over the years, the group has conducted
various nearshore environmental surveys, held numerous conferences and sponsored
many events etc. to try to increase local and region-wide awareness of and concern about
the sea’s deteriorating situation. His writings and poems reflect his love of the sea but
tend also to reflect anger at, and despair about its condition. A brief sampling of his
poetry (appearing here for the first time in translation, by Shapiro) follows:
The Sea
He looks at the sea,
and for 30 odd years
he’s done so.
All day, as if nailed
to the concrete seawall,

umi
umi o miteiru otoko ga aru
sanju nen goshi umi o miteiru.
umetatechi no hashi no
konkuriito no gogantei ni
haritsuite
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he looks at the sea,
a sea destroyed.

Those arrogant seawalls
encircling landfill;
Those dirty bastards,
they’ve killed the sea.
Crumble, oh crumble,
but alas, they stand firm.
In his ear,
clams cry;
In his hand
prawns’ whiskers tremble;
In his mouth,
cuttlefish inks in anger;
In his blood,
micro-organisms scream.
Cold sea spray
blows in his face,
As he stares
at the sea.
Like an oyster he clings,
to the concrete seawall;
He longs to...
tear it away.

sono otoko wa shujitsu
tsubusareta umi o
mitsumeteiru
umetatechi o kakou
konkuriito no sondai no
gogantei
koitsu wa
umi no inochi o
kuroshi tsuzukete
chotto ya sotto de kuzureso ni nai
keredomo
otoko no mimi ni wa
kai no shita no umeki
sono te ni
ebi no hige no ononoki
sono kuchi ni
ika no sumi no ikari
sono chi ni
biseibutsu no doyomeki
tsumetai gyakufu no
tachiagaru shibuki no naka de
umi o mitsumeru otoko ga iru
sono otoko wa
kaki no yo ni hebari tsuite
umetatechi o kakou
konkuriito no gogantei o
kirisako to shiteiru.

This poem was created in l989. Though written in the third person, it is obviously about
the poet and how he and the sea life he sees and feels for, feel about what has happened
to their sea due to landfill and landfillers (and the government, industry and business
community by implication).
The Citizens’ Impact
What effect has these poets and their cohorts had, if any, on the coastal environment of
their respective regions? In Imabari, on the strength of the first 60,000 signatures, the
mayor had to call a special session of the city council where he demanded rejection of
any request to abandon the port fill plan as an infringement on his legal authority; The
petition was subsequently rejected. Next, the filing of the court suit got good media
coverage, but despite the attention, it tended to be seen by most as a local problem, as is
often the case in Japan. In august, l984, the city’s plan was submitted for government
approval, but the Environment Agency (J.E.A.) voiced some reservations on
environmental grounds. In response, the mayor submitted a slightly revised (political
trade-off) plan which was subsequently approved. Again, the citizens submitted a petition
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and again it was rejected outright. Because the Seto Inland Sea Environmental Protection
Act, which is supposed to regulate landfill, is so full of loopholes, because the J.E.A.
which has jurisdiction under the Act is so weak, because the government still tends to
favor development, and because people seldom see problems not in their backyard as of
no concern to them, etc., little that environmentally concerned citizens do against
government plans has much if any effect, even today. Furthermore, despite lawsuits
seeking injunctions being in progress, contested projects can go ahead, and in this case
did so in l987. It was completed in l995, and the remaining beach continues to slowly
erode away as the citizens said it would, a claim rejected by the government. The
Odagahama Beach Citizens Environmental Protection Association has now disbanded,
and Mrs. Habu no longer writes sea nor coastal poetry, though she says she still sees her
beautiful Odagahama Beach but only...in her dreams.
In Mr. Aoki’s area too, opposition to landfill projects has not stopped landfilling, and
water quality has improved very little though sea bottom conditions remain deplorable.
Many large red tides continue to break out in the area annually causing major damage to
marine living resources. Aoki’s organization has been surveying the condition of the
Harima Strait environment for over 20 years and has adequate proof of the actual
conditions there. However, it has been unable to influence much change either with its
survey results nor with Mr. Aoki’s poetry nor writings etc.
Why have the efforts of citizens to protect the Japanese coastal environment been so
ineffective? One reason may be that the idea of participatory democracy has no
indigenous roots in Japanese tradition. Western-style democracy has only been in Japan
since the end of World War II and has yet to be fully assimilated, understood, nor
“Japanized” enough to be of a form acceptable to the masses. Citizen movements are
challenging Japan’s traditional political culture, attempting to replace traditional
authoritarian control with a more participatory form. Despite impressions to the contrary,
the Japanese people are extremely conservative and resistant to change.
Also, one would think that appealing to the fundamental religious and aesthetic/emotional
roots of Japanese culture would make poetry and the like more effective than they have
proven to be. It seems to the author that when Japan was defeated in l945, it cast away the
best AND worst of its culture and has been trying to replace it with modern Western
materialism which seems to value science, technology, money and power above culture,
beauty and the environment. Aoki may be correct when he says “today’s Japanese society
is controlled by political power and money”. It can only be hoped that the Japanese
people will rediscover and recover the BEST of traditional Japanese culture before their
entire natural coast is lost, buried under concrete, garbage and pollution etc. Poets like
Mrs. Habu and Mr. Aoki may be contributing to this process of rediscovery. Let’s hope
so, but it will take time.
Prof. Harvey A. Shapiro, PhD
Dept. of Environmental Planning
Osaka Geijutsu University
Minami Kawachi-gun, Kanan-cho
Higashiyama 469
Osaka Pref. 585-8555, Japan
Phone: (81-75) 722-0374
Fax: (81-75) 722-0374
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PENANG SMALL-SCALE FISHERS CHALLENGE
TO CONSERVE THEIR FISHING COAST
Midori Kawabe, The University of Tsukuba

In this paper, through the activities of the Penang Inshore Fishermen‘s Welfare
Association (PIFWA), the possibility that traditional small-scale fishers in the
Southeast Asia participate in the policy-making processes on the coastal
resources and environment will be discussed.
In the last few decades, the Southeast Asian countries have seen a rapid
economic growth. It has, however, concurrently produced a great deal of stress
on the coastal environment (Fortes, 1988, for instance). In addition, the
environmental-distractive shrimp culture Gold Rush started in Taiwan has
spreaded over the region (Gujja & Finger-stitch (1996), for instance). After the
emphasis of the need for good coastal zone management (CZM) in the Agenda
21 in 1992, a number of reports advocating CZM have been published for many
coastal areas in this region with full support from international development
agencies. Still, CZM programs that have been successfully carried out “to strike
a balance among competing activities and often competing values”(Olsen, 1993)
in the Southeast Asia are hardly found for several reasons (Flahertty, 1993). On
the other hand, there are vigorous movements toward involvement and
empowerment of local people, including small-scale fishers, aiming to improve
the local quality of life, as well as to conserve the coastal environment (Pomeroy
et al., 1996). The community-based management (CBM) or co-management
(CM) of coastal resources seems to be in view as their goal (Kuperan, K. &
Abdullah, 1994). Among such groups, the PIFWA is unique in that (1) it is an
organization voluntarily organized by fishermen and that (2) the fishers
positively make their opinions public on every issue related to the Penang coast.
The Penang coastal fishery is characterized by the large number of small-scale
fishers, according to the Annual Statistics of Fisheries, Malaysia 1995
(Department of Agriculture, Malaysia 1996). And yet, it is merely 20 percent of
small-scale fishers who have fishing license issued by the State of Penang and
so appeared in the statistics. The rest 80 % who do not have the fishing license
are presumed to be an informal sector and therefore receive no official
assistance from the government. The small-scale fishermen in Penang fish on
their own boat with an outboard-engine of less than 40 HP, catch one or two
species of fish obeying the customary rules with other small-scale fishers, and
sell their catch to a particular wholesaler. Their fishery is totally dependent on
the tide and the weather and their average income is relatively low.
The Penang Inshore Fishermen‘s Welfare Association (PIFWA) is the first
organization organized by those small-scale fishermen themselves in Malaysia.
It was originally intended to help the small-scale fishermen who have been
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annoyed by trawlers’ illegal invasion into the inshore waters in Penang. The
introduction of trawl fishing dates back to 1963, and almost all the inshore
fishermen have experienced troubles with trawlers since then (Ooi, 1990). In
1988, seven of the small-scale fishermen organized an action committee, with
the aid of Balan P., a staff member of the Consumers‘ Association of Penang
(CAP). They officially registered the PIFWA with the government as an NGO
in November 1994. Their primary objectives are conservation of fishing
resources and promotion of sustainable fishery. Since then, they have been
active in pursuit of conservation of the coastal environment and resources of
Penang. Their activities were highlighted in the protest in 1996-1998 against the
construction of shrimp-culture pond in the mangrove forest in the western part
of the island. Their campaign ended in unsuccess, yet they have impressed the
people in Penang, including the governmental agencies and politicians. The
newspaper has played an important role in the process the fishermen make their
opinion in public. In short, the key strategy of the PIFWA is positive appeal
through the media and continuing negotiation with the government.
The PIFWA is unique in that (1) it was voluntarily set up by fishermen and that
(2) the fishers are positively publish their opinions on every issue related to the
coastal environment and resources. These were made successful 1) with the aid
of Balan P., an expert in regional issues and 2) active mass-communication in
the liberal atmosphere of Penang. The fishers have set foot in a struggle for
coastal-resources CM, yet there seem to be subjects to be considered in order for
them to persist and to step forward. The first subject is their weak finances;
being unable to receive subsidy from the government nor support by themselves,
the PIFWA has been supported by the CAP from their foundation. It would be
necessary for them to find their own fund source. Secondly, they might as well
consider practicing catch control; there is a strong concern among the
government for the coastal fishery that there are too many fishermen for the
limited resources, that is a basis of the government policy limiting fishing
license. Such voluntary control would be a good opportunity for them to show
off their ability of self-management, looking at the coastal resources CM in the
future. The third subject is to keep records of their catch or other indicators of
the coastal resources and environment. Fishermen are supposed to be more
sensitive to any change in the ocean and the coastal ecosystem than anyone else.
Those data will be not only appealing as they add reliability to their statements
but also be useful for monitoring the trawlers and any other environmentdistractive activities.
Finally, small-scale fishery has been the basic subsistence for people in any
coastal area in Asia. Participation of small-scale fishers in CZM is therefore
indispensable to realize the sustainable use of the coastal resources and
environment in this region.
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THE AHUPUA’A AS A TRADITIONAL HAWAIIAN RESOURCE
MANAGEMENT MODEL FOR A SUSTAINABLE
COASTAL ENVIRONMENT
David W. Blane, State of Hawaii, Office of Planning
Christopher G. Chung, Office of Planning, Hawaii Coastal Zone Management
Program
Being an isolated island state, Hawaii faces many challenges given finite land
and water resources and its import dependence on consumptive resources. In
response to these challenges, a rediscovery of the traditional Hawaiian practice
for integrated resources management, known as the ahupua’a concept, is being
embraced by island communities.
Given its jurisdictional boundaries which include all lands (except federal lands)
and the waters from the shoreline to the seaward limit of the State’s police
power, the Hawaii Coastal Zone Management (CZM) Program is in a unique
position to comprehensively consider and integrate the principles of this
Hawaiian tradition to achieve a sustainable environment. As an island
ecosystem, the CZM program is fully aware of the potential impacts that inland
activities can have on our coastal resources and therefore, a need to create a
sense of community stewardship. The challenge of this work will therefore be to
discuss the concept of ahupua’a within a historic as well as modern context.
One hundred and seven years after the overthrow of the Hawaiian Nation, an
unrest among the native Hawaiian people (Kanaka Maoli) has been simmering
below the surface like the underlying lava at Kilauea Volcano’s Pu’u O’o vent.
Like Kilauea, there have been numerous warning signs over time since the
illegal overthrow of the monarchy in 1893 (and much earlier with The Great
Mahele or land division of 1847) as to the increasing volatility of issues facing
the Hawaiian community. Warning signs have taken the form of protests and
rallies involving civil disobedience with respect to past injustices, statehood,
Hawaiian lands, sovereignty, desecration of ancestral burial grounds, and the
ongoing resource issues of water and land.
Today, as a result of the determination of many native Hawaiians to assert their
cultural independence as a nation and their right to self-determination,
significant legal decisions, actions, and formal acknowledgements have brought
Hawaiian issues to the forefront. In 1993, the Clinton administration officially
acknowledged the illegality of the overthrow, and apologized for America’s role
in the event. As such, the U.S. Departments of Justice and the Interior have held
hearings with native Hawaiians to discuss reconciliation measures. Legal cases,
such as the August 1995 Hawaii Supreme Court’s decision (Public Access
Shoreline Hawaii and Angel Pilago vs. County of Hawaii Planning Commission)
upholding the rights of native Hawaiians to exercise their traditional and
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customary practices from the mountains to the sea, were pivotal in recognizing
the inherent rights of an indigenous people to the land.
Further, the
discontinuation of military bombing exercises and reclaiming of the island of
Kaho’olawe from the United States military was a significant victory for the
Hawaiian people. More recently, the U.S. Supreme Court’s Rice vs. Cayetano
ruling that the election of Trustees for the Office of Hawaiian Affairs (OHA) by
people of native Hawaiian blood only was unconstitutional and must be open to
all Hawaii citizens, sent a clear message to the Hawaiian people of the
importance of obtaining the same federal recognition and status as the Alaskan
natives and American Indians have. Although a seemingly negative ruling for
Hawaiian rights, it has actually resulted in an open invitation by the federal
government to seriously discuss the framework for establishing a nation within a
nation, or other form of indigenous government. These accomplishments and
ongoing issues have raised the consciousness of Hawaiians with respect to their
native rights and a renewed interest in their cultural heritage.
This awareness continues to be a driving force behind today’s Hawaiian issues
regarding sovereignty, land, education, and the environment. It has also
captured the attention of our island communities as a whole, especially with
respect to raising the level of awareness for the environment and the need for
more effective resources management. To set the tone for our ahupua’a
discussion, a common understanding of things “Hawaiian” is imperative.
Ho’o Mana’o: To Reflect on the Meaning
Throughout the world, the word “Aloha” is synonymous to Hawaii as the
“marathon” is to Boston. Aside from a personal greeting, it is a term that often
elicits images of hula girls, leis, surfing, and the shores of Waikiki. But now
many throughout the world, or visitors to Hawaii, have actually considered a
more profound meaning for the word “Aloha” . . . a word imbedded in the very
essence of Hawaiian culture.
To the Hawaiians, the word “Aloha” is a concept for how we live our life, how
we interact with others and our environment, as well as how we perceive our
own spirituality and interact with the forces of nature that constantly surround us.
It is a tradition that not only embodies these concepts but the idea that all people
are of one family and thus the need to practice “Aloha” to all. “Aloha” teaches
us as a society to radiate kindness, affection, compassion, and charity and the
belief that all problems can be settled by honest and loving discourse.
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In practice, “Aloha” can be well described by the following principles:
“Ano”

To maintain a high
sense of moral
quality -- “Ke
‘ano o ka nohona”
or “way of life.”

“Lokahi”

To be united and
in harmony with
nature.

“Ohana”

To remember that
we are of one
family.

“Ho’okipa” and “Ho’oponopono”

To be hospitable
and resolve
problems
harmoniously, but
most importantly .
. . to forgive.

“Aina”

To maintain and
nurture a spiritual
love and respect
for the land -“Aloha ‘aina” and
“Malama ‘aina.”

Collectively, the first letters of these principles not only spell the word “Aloha”
but also embody what the Hawaiians call the “Aloha Spirit.” It is this spirit that
must be grasped and applied to understand other Hawaiian concepts such as the
ahupua’a. In fact, the “Aloha Spirit” is woven into the very fabric of Hawaiian
society and culture.
The Ahupua’a: A way of life
As a sustainable model, the ahupua’a is a resources management system that
should be given serious attention. Prior to European contact there were 800,000
Hawaiians living in the islands with little to none of the environmental and
resource issues that we face today. Presently, Hawaii’s population of 1.2 million
is confronted with serious environmental and resource issues, of which “water”
is a heated debate. As such, the ahupua’a could serve as a model for
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community-based decision-making to promote the community’s quality of life
rather than short-term economic fixes.
In basic terms, the ahupua’a is an ancient land division that runs from the top of
the mountain to the sea. The word ahupua’a is derived from “ahu,” an altar of
stones, upon which was placed an image of the head of a pua’a, or pig that
served as boundary markers. However, as you may already have surmised, the
ahupua’a means much more. The ahupua’a embodies a unique relationship
between the Hawaiian people and the land as well as the practical and rational
approaches applied to insure the sustainability of the natural environment from
overexploitation, pollution and extinction.
According to ancient folklore, or mo’olelo, the islands and its people were born
of the spirit world by the gods Papa (the earth) and Wakea (the sky). As such,
they share a common origin as living entities. As a living entity, the land is
viewed by the Hawaiians as a woman who gave birth to and nurtured the
Hawaiian people and whose bosom we will return to upon death. This unique
“circle of life” relationship illustrates an inherent symbiotic existence between
man and the land. The proverbial Hawaiian saying “if you care for the land, the
land will care for you,” typifies this timeless relationship.
In ancient Hawaii, upon the arrival of the first Hawaiians from the Marquesas
Islands (approximately 750 A.D.), each of the main Hawaiian Islands were
divided into smaller districts or moku. For the island of Oahu, there were six
districts (see figure 1). Depending on the size of each district, they were further
divided into ahupua’a, each governed by an ‘Aha Council consisting of
practitioners who had specialized knowledge in medicine, agriculture, home and
canoe building, and fishing, among other specialties. The size of the ahupua’a
ranged from as little as 100 acres to thousands of acres. An ahupua’a generally
extended from the top of the mountain, including all of the watershed bounded
by the ridgelines that delineated the sides of the watershed, and extended out into
the ocean fronting the watershed (including the fisheries). It includes all of the
human activity, physical, mental and spiritual as well as all forms of life –
animate and inanimate – as a fundamental holistic approach. The ahupua’a
contained all the resources Hawaiians required for their existence. Fresh water
resources were managed carefully for drinking, bathing, and irrigation. Wild and
cultivated plants provided food, clothing, household goods, canoes, weapons,
and countless other useful products. Many land and sea creatures utilized for
food also provided bones, teeth, skin, and feathers for tools, crafts, and
ornamentation.
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The ‘Aha Council served as a governing board that maintained and enforced the
laws of the land or Kanawai (a term derived from the value placed by Hawaiians
on water or “wai”) thereby, insuring the beneficial use and sustainability of
resources required for the community to survive. The Hawaiians residing within
the ahupua’a were free to use its resources but could not take anything from
another without the permission from both ahupua’a councils. The council was
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also consulted on major activities that would impact the land and resources
downstream. For example, if a farmer wanted to clear an area of the forest for
irrigated agriculture, the council members would utilize their specialized
knowledge to advise the farmer as to the best location next to a stream for the
construction of water diversion systems, mitigation measure for the loss of plants
used for medicine, clothing, ornamentation, and ceremonial purposes, and the
spiritual protocol required before permission was granted to proceed.
The laws of the land were practical laws which included insuring that diverted
water for wetland agriculture was always returned to the stream so that the
nutrients from the fields would enrich the fisheries at the coast and benefit the
loko i’a or fishpond. In contrast, water in Hawaii has been permanently
diverted, resulting in the reduction of year-round flowing streams. Other laws
included the restriction of catching specific types of fish during spawning
seasons to insure the replenishment of stock; pollution of stream water; and
certain restrictions placed on the cutting of trees for canoes and house building.
In the event that these laws were broken, individuals were dealt with severely.
Punishment for crimes against the laws of the land would involve (1) restricted
use of resources; (2) the removal of that person from the land, becoming an
outcast (Kauwa); and (3) death.
By 1300 A.D., most of the Hawaiian Islands were populated as a result of the
arrival of new immigrant polynesians from Tahiti. This new wave of immigrants
brought with them a new social class of chiefs or ali’i that changed the land
management structure but not the basic concepts of ahupua’a. The ali’i nui or
high chief ruled the mokupuni or the entire island and would appoint ali’i ‘ai
moku or lower chiefs to rule each district (moku). In turn, the ali’i ai moku
would then choose a lesser ranking chief or ali’i ‘ai ahupua’a to rule the
ahupua’a. In some cases the chief of the ahupua’a would assume the role of
headman or konohiki and manage the day-to-day operations of the ahupua’a.
Together, the headman, assisted by specialists (or luna) in the use of water and
land boundaries would work hand-in-hand with a master fisherman and farmer to
insure the productivity of the ahupua’a for the survival of its inhabitants.
Resultant from this chiefly system, the role of the ‘Aha Council diminished.
However, an emphasis was placed on the interrelationships and interdependence
between ahupua’a to ahupua’a and moku to moku thereby, integrating resources
management island-wide.
Regardless of changes in the land management structure over time, the basic
principles of the ahupua’a remained unchanged.
Similarly, as with
understanding the word “Aloha,” basic beliefs guided the practice of the
ahupua’a system and were essential to the integral relationships between the
environment, man, and the spiritual world. These included the following eight
principles:
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“Kai Moana:

Preserve all life in the ocean extending from the
shoreline to the horizon.

Makai:

Respect for the land and resources extending
from the shoreline to the sands reach.

Mauka:

Respect for all land and resources from the
sand’s edge to the highest mountain peak.

Kamolewai:

Respect for all water resources including rivers,
streams, and springs and the life within.

Kanakahonua:

Preserve and respect the laws of the land and
each other to insure the community’s health,
safety, and welfare.

Kalewalani:

Respect for the elements that float in the sky
including the sun, moon, clouds, stars, wind, and
rain which guide the planting and fishing
seasons, provide water, and that create the tides
and directions for ocean navigation.

Kapahelolona:

Preservation of the knowledge of practitioners.

Ke’ihi:

Preservation and respect for the sacred elements
including deities, ancestors, the forces of nature,
and ceremonial activities.” (Kumu John
Ka’imikaua, 2000)

Hawaiians believe that without an understanding and acceptance of
these eight principles, it would be difficult to achieve the unity of spirit
required to practice the ahupua’a concept. The Hawaiians weave a
cord called ‘aha, that requires braiding eight strands of sennit. Alone,
each strand is weak . . . but together they form a sturdy and strong rope.
Each strand of this rope represents one of the eight principles above and
were mutually applied throughout everyday Hawaiian life.
The ahupua’a concept is a practical and rational approach to resources
management that conforms with the existing geography and its
resources rather than altering them for human convenience. For
example, swampy land areas were used in their natural state for wetland
agriculture and dry land regions were used for growing more drought
tolerant crops such as sweet potato. As such, the need to alter the land
and divert water was minimized to insure the life of the stream and
land. Other examples of rational ahupua’a practices involved a
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reciprocal approach to the use of resources. For instance, when a koa
tree was cut down to build a canoe, ten more young koa trees were
planted to take its place in order to insure the preservation of this
resource, to maintain the integrity of the watershed, and to prevent
erosion.
Ahupua’a in practice is really about (1) instilling appropriate values
that allow people to make the right choices for not only themselves but
for society; (2) community-based efforts that involve ahupua’a tenants
or people with localized knowledge in the decision making process and
who have a personal stake in their ahupua’a; (3) creation of
partnerships and the involvement of stakeholders that united can begin
to examine existing western governmental and legal structures in order
to weave the ahupua’a principles throughout; and (4) perpetuating this
practice from generation to generation.
Ahupua’a and Watershed Approach: A Perspective
The rediscovery of the ahupua’a as a viable resource management tool is
relatively a new trend in Hawaii. Historically however, the concept is founded in
over a thousand years of Hawaiian heritage. The same holds relatively true for
the nation’s watershed approach which shares similarities with the ahupua’a
concept. Comparatively, the ahupua’a and watershed approach have many
common principles and objectives with respect to attaining a sustainable
environment through a systems approach, community-based decisions and
involvement, and the centrality of water as not only a resource but a necessity for
survival.
During the late 1800s, a visionary by the name of John Wesley Powell, whose
efforts as a scientist, geographer, and explorer led to the creation of the U.S.
Geological Survey and the Bureau of Ethnology, understood the significance of
the watershed based not only on its geologic, but political and social
characteristics as well. Powell defined the watershed as “that area of land, a
bounded hydrologic system, within which all living things are inextricable linked
by their common water course and where, as humans settled, simple logic
demanded that they become part of the community.”1 (Brown, 1997) A
revolutionary idea for the period that took only 130 years for our nation to
realize . . . . . better late than never! Powell’s vision was also aimed at
promoting “watershed-wide conservation efforts based on cooperation,
involvement of all stakeholders, and acceptance of and reliance on the facts that
science and observation provide.”2 (Brown, 1997) These two thoughts bear a
striking resemblance to the Hawaiians as actual co-habitants with their
environment linked by the need to maintain their land, water, and ocean
resources for survival and the involvement of the community and knowledge of
their practitioners.
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What has brought both the ahupua’a and the watershed concept to the forefront
is based upon trends that have caused us to rethink our current approach to
dealing with environmental problems. Although, environmental efforts began
with good intentions to practice a holistic approach, it quickly became
compartmentalized and attention was spent on individual issues such as air and
water quality, endangered species, waste management, fisheries, etc. rather than
the actual symptoms that were common to all. Today, indisputable scientific
knowledge, an increase in environmental hazards, and the recognition of habitats
and natural areas has resulted in a more “systems” view of resource issues.
Furthermore, community-based solutions and leadership involving all
stakeholders and partners have become increasingly more prevalent given
continued government downsizing of which Hawaii has not been immune to over
the past ten years. These trends have made it obviously clear that a holistic
approach involving stakeholder participation is essential to a clear understanding
of the socio-cultural, political, and economic aspects of an ahupua’a or
watershed. A driving force behind both approaches has been the issue of water
since it is paramount to the survival of all life and central to the theme of a
sustainable environment. As the Hawaiians say, “water is life.”
Although there exists similarities between the two concepts, the ahupua’a is
unique with respect to being land as well as ocean-based. As such, Hawaii is in
an exceptional position to take a comprehensive approach that incorporates
impacts “downstream” with respect to terrestrial watershed as well as the marine
environment. The ahupua’a is also unique because it maintains its sense of
place (i.e., names, legends, features, etc.) that makes it easier for people to
associate with on a personal basis. Regardless of these unique qualities, Hawaii
will continue to look at the nation’s watershed approach as it continues to
develop a framework for an ahupua’a-based resources management structure.
Ho’ala Hou: Looking to the Future
Whether we are speaking of the ahupua’a or the watershed concept, there are
numerous efforts underway across the nation and in Hawaii to approach
resources management in a holistic fashion. In Hawaii, the ahupua’a concept is
being applied as a model for ecologists seeking improved resource management
capabilities for projects such as the Hanalei Heritage River Initiative that is
transcending western ecological, scientific and social science discipline
boundaries in place of culturally-based decision making. Other projects, such as
the Pu’uwa’awa’a Ahupua’a project, are partnering with the community and
other major stakeholders such as the State of Hawaii, County of Hawaii, The
Nature Conservancy of Hawaii, Big Island ranchers, conservationists, and
hunters, among others to look at an ahupua’a-based system of management that
would allow for mixed-uses. The multi-use plan for Pu’uwa’awa’a would
transform an ahupua’a that was mainly used for ranching into an area that would
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accommodate bird and mammal hunting; access for gathering forest materials;
hiking and camping; protection of native species; preservation of archaeological
sites; and public education. Through this approach, the ahupua’a would
function as a model with respect to how economic, social and environmental
goals can be achieved for dry land forests around the world. Yet another, the
Haena Ahupua’a Project, proposed by Save Our Seas, is looking at developing a
contemporary marine resources management plan along a traditional Hawaiian
cultural theme to develop community-based stewardship. The project’s goal is
to establish an underwater habitat preservation through an integrated coastal
management framework based on the ahupua’a concept. An ongoing urban
ahupua’a effort is the Ala Wai Watershed project which is applying culturallybased concepts through the involvement of stakeholders at the community level
to clean up Hawaii’s most polluted water body . . . the Ala Wai Canal.
These are but a few of the growing examples in Hawaii where the ahupua’a
concept has begun to bring communities together in the spirit of cooperation to
address complex issues that not only cross political, but jurisdictional boundaries
as well. We must continue to build on these efforts to establish an island-wide
integrated resources management system that will (1) yield better environmental
results; (2) generate increased public support; and (3) save time and money.
The first step in establishing an island-wide ahupua’a resources management
framework will be the involvement of all stakeholders. Undoubtedly, this will be
the most difficult task. Efforts are already underway by organizations such as
the Ahupua’a Action Alliance, Malama Hawaii, and State Office of Planning and
Office of Environmental Quality Control, as well as other numerous public and
private groups and individuals to create a network of partners and stakeholders.
The task of this network will be to set forth a framework that clearly defines the
overall mission, goals, and objectives of the ahupua’a concept as well as
management options that can be used to communicate the benefits of this
approach and encourage further stakeholder involvement. The framework may
include the establishment of a quasi-public agency such as an Ahupua’a
Resources Management Authority (ARMA) that would have (1) a Board of
Directors that consist of Hawaiian practitioners, government officials, and nongovernment representatives from each mokupuni or island; (2) island-wide
jurisdictional review and approval powers with respect to projects requiring land
use and environmental permits; (3) oversight and coordination of state-wide
Ahupua’a Councils consisting of “people recognized by community service
organizations and practitioners (crafters, fishers, farmers) who possess the
knowledge regarding that particular ahupua’a,”3 (Goodell, 1999) who would
provide input into the review and approval process; (4) enforcement powers to
establish appropriate and effective kanawai that would send a clear message of
zero tolerance for harmful environmental acts that impact the health, welfare and
safety of the entire island community; and (5) the necessary flexibility to attain
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an adequate mix of federal, state, county, corporate, and philanthropic funding
sources to support agency operations and to realize taxpayer savings.
Once this initial framework is established and agreed upon, it will be incumbent
upon all stakeholders to use their related expertise and experience to begin to
examine Hawaii’s existing government structure and laws. As with other States,
Hawaii is not immune to the morass of bureaucracy, seemingly endless process,
and multi-jurisdictional fiefdoms that we have created and have become
entrenched in. This is the ultimate challenge . . . to redefine jurisdictional and
political boundaries by communities rather than by government departments,
agencies, divisions, special projects, attached agencies, and so on . . . . . . . . . .
Development of this framework will undoubtedly bring us face to face with the
past again as we begin to educate the community on the principles of the
ahupua’a and as we examine historic management elements such as the ‘aha
council and its potential modern applications. “Practical” and “rational” are the
behaviors that the ahupua’a concept is trying to perpetuate. To borrow a quote
from John Maynard Keynes, “We will always do the rational thing, but only after
exhausting all other alternatives.”4 (Brown, 1997) As with the word “Aloha,”
the ahupua’a is more than just a meaning but rather a way of living that insures a
balance with our environment.
The ahupua’a is a concept that “sings” because it retains its sense of place; a
name that people can relate to; it has history and legends associated with every
animate as well as inanimate object; and it has its own unique beauty and
diversity. As such, the ahupua’a is an approach that allows the community to
take ownership and become effective stewards for the land, ocean, and its
resources.
To end, I would like to quote Bonnie Goodell who defines
sustainability as “no longer believing that one’s worth is defined by what is kept
for one’s self through the deprivation of others.” (Goodell, 1999).
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HOW THE ALASKA COASTAL MANAGEMENT PROGRAM
RESPONDS TO THE SUBSISTENCE NEEDS OF ALASKANS
Julie Hammonds Penn, Alaska Coastal Management Program

Subsistence is a Way of Life
An old woman gathering lowbush cranberries in the same tundra meadow where
her grandmother collected their sweet riches in baskets 80 years ago. A hunter
lying low to hide his human silhouette as he waits for a group of caribou to cross
the river at their customary crossing-place. An extended family gathered to pass
the summer at their fish camp, collecting and drying salmon to eat and to share
back in the village.
"Subsistence" is a many-layered word, resonant with meaning. It is an economy
-- a system for making and exchanging goods and services, often contrasted
against the cash economy with which all of us are familiar. It is a culture, an
accepted and shared set of methods for doing important things appropriately and
well. For many Alaskans, it is a way of life.
Consider a recent description of subsistence fishing, authored by the Alaska
Federation of Natives: "Since time before memory, Alaska Natives have
harvested fish in waters throughout Alaska to sustain their own bodies, minds
and spirits – and to share with their families, kin and tribal members." And
further: "Alaska Native subsistence is a human right to food and a cultural right
to continue to exist as a people."
To those who practice it, subsistence is not just a technique for gathering food
for the body – it is a way of life that nourishes a whole person, and one that
supports not just the gatherer but the community in which he or she lives. What
are the subsistence needs of Alaskans, and how does the Alaska Coastal
Management Program respond to these needs?
Subsistence Resources and Activities Occur throughout
Alaska's Coastal Zone
Alaska's coastal zone is vast. It stretches from the shores of a hundred islands in
the Alexander Archipelago in Southeast Alaska, westward along the reach of the
Aleutian Islands almost to the eastern shore of Russia, and northward along the
curve of coastline to our border with Canada. Alaska's coastal zone is not just a
narrow strip of coastline, either. In some parts of the state, the coastal zone is
defined not only by proximity to marine coastal water, but also by the
distribution of "the living resources that are dependent" on marine coastal water:
a common example of these living resources is anadromous (ocean-going) fish.
Using anadromous fish distribution as an indicator, in some places Alaska's
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coastal zone extends well inland along rivers that support salmon or oceandependent species.
This vast coastal zone provides habitat for countless species used by subsistence
hunters, fishermen, and gatherers. Salmon, Dolly Varden, char, and whitefish;
caribou, Sitka black-tail deer, and moose; clams, crabs, and shrimp; waterfowl,
shorebirds, and seabirds; beluga whale, bowhead whale, seal species, and
walrus; berries, herbs, grasses, and other plants; all have supported subsistence
harvest since long before Alaska was a state. Typical subsistence activities in the
coastal zone include the hunting of waterfowl, marine mammals, and terrestrial
mammals; egg gathering; berry picking; fishing; trapping; and herb gathering.
For a community that depends on a subsistence lifestyle as its primary means of
support, there is no way to overstate how important the availability of resources
can be. Subsistence-caught resources are generally shared within a community,
supporting not just the hunter but also his extended family and friends. In many
small villages throughout rural Alaska, subsistence opportunities support the
community's existence and frame its cultural identity. Of subsistence, the
coastal management plan for the Northwest Arctic Borough says "Subsistence
hunting, fishing and foraging is a matter of cultural and economic survival to the
people of the area."
Subsistence Users Have Two Basic Needs
A community that depends on subsistence has two basic needs: a continued
supply of the resource, and a sufficient share of that supply. Resource managers
can respond to the first need by protecting habitats that support subsistence fish,
game, and plant species. They can respond to the second need by allocating a
sufficient share of the resource to subsistence users.
As we shall see, the Alaska Coastal Management Program (ACMP) responds to
the subsistence needs of Alaskans by protecting habitat. The second method,
allocating resources to subsistence users, is outside the purview of the Alaska
Coastal Management Program.
In Alaska, Allocation of Subsistence Resources is the
Subject of an Ongoing Battle
The most important laws governing subsistence in Alaska are the Constitution of
the United States, the Constitution of the State of Alaska, the Alaska Native
Claims Settlement Act (ANCSA, Public Law 92-203, 43 U.S.C. 1601 et seq.),
and the Alaska National Interest Lands Conservation Act (ANILCA, Public Law
96-487; 16 U.S.C. 3101-3233).
Two of these laws -- the Alaska Constitution and ANILCA -- are in fundamental
conflict. How? On one hand, Article VIII of the Alaska Constitution says, "
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Section 3. Common Use. Wherever occurring in their natural state, fish, wildlife,
and waters are reserved to the people for common use." This section of the
Alaska Constitution guarantees every Alaskan equal access to fish and game
resources, granting a priority to no single user group.
On the other hand, ANILCA guarantees rural residents a subsistence priority
right on public lands. After ANILCA was passed in 1980, Alaska was expected
to enact laws consistent with it. The state did so, and in 1982, the Secretary of
the Interior certified Alaska to manage subsistence hunting and fishing. But in
1989, the Alaska Supreme Court struck down the state subsistence law as
violating Article VIII, Section 3 of the Alaska Constitution (McDowell vs. State,
785 P.2d 1; Alaska, 1989). So since 1989, state law and federal law have been in
conflict.
Over the past decade, lawmakers have not found a way to resolve this
fundamental conflict over the allocation of fish and game resources, either by
amending the Alaska Constitution to meet the requirements of ANILCA, or by
amending ANILCA to agree with the Alaska Constitution. This basic conflict
over how resources are allocated is a source of major controversy in Alaska to
this day.
The Alaska Coastal Management Program Provides a Standard for
Protecting Subsistence Resources
Avoiding the allocation battle entirely, the ACMP responds to the subsistence
needs of Alaskans by identifying and protecting subsistence resources.
The Alaska Coastal Management Act (ACMA, 1977) does not mention
subsistence directly, and the term "subsistence" is not defined either in ACMA
or in the regulations that implement it. But the management direction called for
by ACMA required the state to develop guidelines and standards for managing
uses and activities that affect the coastal zone. Subsistence was identified as one
such use, and in 1978, the following regulation took effect. This is the ACMP
statewide standard for subsistence:
"Title 6 of the Alaska Administrative Code, chapter 80, section 120.
Subsistence.
(a) Districts and state agencies shall recognize and assure opportunities for
subsistence usage of coastal areas and resources.
(b) Districts shall identify areas in which subsistence is the dominant use of
coastal resources.
(c) Districts may, after consultation with appropriate state agencies, Native
corporations, and any other persons or groups, designate areas identified
under (b) of this section as subsistence zones in which subsistence uses and
activities have priority over all nonsubsistence uses and activities.
(d) Before a potentially conflicting use or activity may be authorized within
areas designated under (c) of this section, a study of the possible adverse
impacts of the proposed potentially conflicting use or activity upon subsistence
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usage must be conducted and appropriate safeguards to assure subsistence
usage must be provided.
(e) Districts sharing migratory fish and game resources must submit
compatible plans for habitat management."

(Note: the "coastal districts" referenced in the standard are either local
municipalities such as cities or boroughs, or parts of Alaska's unorganized
borough outside municipal boundaries, that are organized for the purpose of
carrying out coastal management duties.)
The Subsistence Standard was not Intended to Override Other Laws
To understand how the ACMP subsistence standard was intended to respond to
the subsistence needs of Alaskans when it was approved in 1978, we turn to the
Final Environmental Impact Statement (FEIS) that accompanied approval of the
Alaska Coastal Management Program.
"Subsistence is one of the most important uses in Alaska's coastal areas and a
great deal of controversy surrounds it…Resolution of all subsistence issues was
beyond the scope of ACMP," the FEIS says. It goes on to note that "this
standard may generate uncertainty if it is read outside the context of the other
standards and state and federal law." In other words, the subsistence standard
was not intended or expected to resolve the longstanding issue of allocation of
subsistence resources, which gave rise to the conflict between the Alaska
Constitution and ANILCA.
The Subsistence Standard is a Land Use Standard
The subsistence standard does not contain a complicated mathematical formula
for calculating what percentage of salmon in a stream are available for
subsistence fishing purposes as opposed to commercial or sport fishing. The
standard does not allocate among various users of fish and game resources,
determining who will get how much of what resource. It does not give the
Coastal Policy Council (the policymaking body of the ACMP) or coastal
districts any powers that contravene the Alaska Constitution, which reserves fish
and wildlife resources to the people of Alaska for common use. This fact was
noted in the 1978 FEIS for the program: "It [the subsistence standard] does not
enable districts to set season openings or bag limits, or to allocate subsistence
resources such as fish and game among subsistence, sport, or commercial
harvesters."
Rather than responding to the thorny issue of allocation, the subsistence standard
deals exclusively with land use. It requires a basic level of protection for
subsistence resources, and offers an optional, higher level of protection for
certain areas identified as being of particular local importance (see below). In
identifying the subsistence standard as a land use rather than allocation standard,
the FEIS states: "The standard relates to land and water use only." The FEIS
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goes on to say: "The standard does not aim to protect subsistence activities
directly, but rather enables the districts to identify and protect subsistence
resources so that, in turn, subsistence activities will be protected."
The Subsistence Standard Offers Two Levels of Protection
The standard enacts two different levels of protection for subsistence, the more
protective of which is optional. The first, most basic level of protection is
provided in the first and second paragraphs of the standard. It is to "recognize
and assure opportunities for subsistence usage... [and] identify areas in which
subsistence is the dominant use of coastal resources." In assuring opportunities
for subsistence usage, coastal districts and state agencies may acknowledge that
a given type of subsistence use occurs in a particular place. They may also
modify proposed projects during the permitting stage to ensure that subsistence
users will still have access to the area and that the resource will still exist.
The second, more advanced level of protection is offered by the third and fourth
paragraphs of the subsistence standard. This level of protection allows coastal
districts to identify certain areas that are of particular value for subsistence as
"subsistence zones." Once an area has been so identified, agencies (whether
local, state, or even federal) must ensure continued subsistence usage by
conducting a study and enacting appropriate safeguards before authorizing any
potentially conflicting use or activity.
The Two Levels of Protection are Achieved Through the
Coastal Planning Process
A recent example shows how the subsistence standard is currently implemented
through the coastal district planning process. The Cenaliulriit Coastal Resource
Service Area is a coastal district that encompasses the delta of the Yukon and
Kuskokwim Rivers in western Alaska. Cenaliulriit recently completed a
substantial revision to its coastal management plan. A draft of the revised plan
submitted to the Alaska Coastal Policy Council for approval stated that
subsistence was the highest priority use of all lands and waters in the district.
This policy said that no use that conflicted with subsistence use could be
authorized in the district's coastal zone. In its deliberations, the Council
considered whether such a sweeping statement satisfied the requirements of
paragraph (c) of the subsistence standard. Simply by making such a broad
statement, could Cenaliulriit designate its entire coastal zone as a subsistence
zone?
The Council decided that the answer was "no." Instead, the Council's opinion
was that Cenaliulriit had satisfied the basic requirement of the subsistence
standard (paragraph (b)) by identifying its entire coastal zone as an area in
which subsistence is the dominant use of coastal resources. But the Council sent
the district back to the drawing board to identify subsistence zones where
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subsistence uses and activities would have priority over all nonsubsistence uses
and activities.
The Council said that to identify subsistence zones, the district would have to do
more thorough planning. The district is now interviewing local residents and
developing maps that identify certain areas for designation as subsistence zones.
Once a basic map has been developed, the district will consult with all affected
parties. Then the Coastal Policy Council will consider the resulting map -- and
policies to be implemented on lands identified as subsistence zones -- for
approval as a revision to the district's approved coastal management plan.
The State and Coastal Districts Share the Responsibilities Created by the
Subsistence Standard
The subsistence standard places responsibilities on both coastal districts and the
state. Coastal districts and state agencies fulfill their responsibilities under the
subsistence standard in two ways.
First, they work together during the development of each district's coastal
management plan. The coastal planning process can satisfy the basic
requirements of the subsistence standard by allowing a coastal district to identify
areas of its coastal zone in which subsistence is the dominant use of coastal
resources. The coastal planning process can also satisfy the more advanced (and
optional) requirements for designating subsistence zones within the district.
Because it brings all affected parties together to plan for future land use, the
planning process is an excellent way to fulfill the consultation requirement of
the subsistence standard.
The second way that coastal districts and state agencies work together to fulfill
their responsibilities under the subsistence standard is through the project review
process. When a project is proposed in an area identified under the subsistence
standard (either as an area where subsistence is the dominant use, or as a
subsistence zone), the coastal district's plan is used along with the subsistence
standard to determine whether the proposed project is consistent with the Alaska
Coastal Management Program. An inconsistent project cannot receive permits.
A consistent project must assure continued subsistence use in the affected area.
The Coastal Planning Process Brings Local Knowledge to the
Subsistence Standard
Every approved district coastal management plan contains a set of enforceable
policies that manage uses and activities in that district's coastal zone. Districts
generally write policies that supplement Alaska's statewide standards (there are
currently 12 standards, including subsistence). A district in which subsistence is
an important use of coastal resources will probably include one or more
subsistence policies in its plan, to supplement the subsistence standard. Such
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policies can apply throughout the district's coastal zone, or just to locations of
particular importance.
When a district chooses to map and designate subsistence zones, it generally
also enacts policies that apply just within those zones. A recent example is the
Northwest Arctic Borough, an area in northwest Alaska encompassing about
39,000 square miles. The Northwest Arctic Borough is home to about 6,000
residents in 11 communities, many of whom practice a subsistence lifestyle. Its
plan, adopted in 1997, maps a portion of the borough important for subsistence
as the "customary use area." This area is described as "lands which NAB
residents identified as the primary sites for their subsistence activities."
Specific policies apply to the customary use area to protect subsistence usage in
the customary use area. The most important policy reads:
Policy 6.4.1.1. Subsistence Use. Subsistence use of coastal lands and waters
has traditionally been the primary and highest priority use of all lands and
waters within the NAB coastal area; therefore,
i. commercial uses shall avoid significant adverse impacts to subsistence uses
of NAB coastal area resources within the Customary Use Area, unless
a. There is a public need for the proposed use, and
b. The commercial use will mitigate significant adverse impacts to
subsistence uses of NAB coastal area resources within the Customary
Use Area, in accordance with the Customary Use Area Mitigation policy
(Section 6.4.2).
ii. All other non-subsistence uses shall mitigate significant adverse impacts to
subsistence uses of NAB coastal area resources within the Customary Use
Area, in accordance with the Customary Use Area Mitigation policy (Section
6.4.2).

As shown by the Northwest Arctic Borough plan, the Alaska Coastal
Management Program provides a forum for protecting local areas of importance
to subsistence users. By using the coastal planning process to identify these
areas on a map and write policies specific to these areas, local residents gain a
voice in state and federal decision-making that otherwise would be silent. And
state and federal land managers gain access to local knowledge that they
otherwise might not be aware of when writing permits from their offices in more
urban areas of Alaska.
It is important to note that it is not the state identifying these areas – it is local
residents. Alaska is too vast, its resources too great, to manage adequately from
a central location. The subsistence standard creates a partnership between state
and federal land managers and coastal districts. The basic bargain is this: if a
coastal district identifies areas of particular importance to subsistence during its
coastal management planning process, then state and federal land managers will
more exhaustively study the possible effects of their authorizations on
subsistence before giving the green light to development.
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The ACMP Responds to the Subsistence Needs of Alaskans
The Alaska Coastal Management Program responds to the subsistence needs of
Alaskans by enabling them to protect areas where subsistence is the dominant
use of coastal resources from incompatible development.
Why is this important? The Northwest Arctic Borough Coastal Management
Plan provides a compelling answer: "The Northwest Arctic Borough Coastal
Management Plan is intended to provide for uses and activities which can be
conducted in a manner to prevent disturbance of the existing delicate balance
between the people of the area, their subsistence economy, and their natural and
physical environment, which must be viewed as an integrated whole to the
maximum extent possible."

Ms. Julie Hammonds Penn
Alaska Coastal Management Program
Division of Governmental Coordination
P.O. Box 110030
Juneau, Alaska, 99811, USA
Ph (907) 465-8789
Fax (907) 465-3075
Email Julie_Penn@gov.state.ak.us
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IMPROVING ECONOMIC INFORMATION FOR OCEAN AND
COASTAL RESOURCES
Judith T. Kildow, University of Southern California
Brian Baird, State of California
Charles S. Colgan, University of Southern Maine
Hauke Kite-Powell, Woods Hole Oceanographic Institution
Rodney Weiher, NOAA, Department of Commerce
“…we don’t have enough information about the oceans’ impact on our
economy. A complete and accurate assessment of the ocean bounty has never
been done, and I think this has been a serious handicap in our decision making
over the past number of years. We need such information to make decisions on
how to responsibly use our ocean resources. And we need it to protect the
marine environment. We need it if we’re going to give the public a better
understanding of how the oceans directly affect our lives.” The honorable
William M. Daley, Secretary of Commerce, Monterey, June, 1998.
Practical Uses of Economic Data
Ocean and coastal managers, legislators, members of congress, industry
representatives, and academics are all concerned with a variety of questions
regarding ocean and coastal resource protection, economics, research,
monitoring and governance. Although economics is an important factor in any
management analysis, studies of the value of ocean and coastal resources and
their uses are generally lacking.
In developing its Ocean Resources
Management Program, the State of California conducted a first-ever analysis of
the economic contribution of seven ocean-dependent industries to the State's
economy in 1992. The resulting information, developed by the California
Research Bureau, has been critical in the policy arena for demonstrating the role
that the ocean plays in shaping the state's economy. Policy makers and other
interested parties have clearly established the link between the economic value
of ocean dependent industry and the need to manage and protect the resources
that support it. This economic analysis was included in the 1997 strategy,
California's Ocean Resources: An Agenda for the Future (California Ocean
Agenda) and has been cited extensively by representatives of government,
academia, the private sector, public non-profit organizations, and the media ever
since.
The California Ocean Agenda and its economic conclusions had a substantial
impact on ocean and coastal management in California. In the year that
followed, California's Governor issued an executive order directing a series of
new actions recommended in the document and fifteen new laws were enacted
to improve the management and protection of the state's ocean and coastal
resources. Administratively, the Department of Fish and Game was re305

organized to establish a new marine region with additional marine enforcement
capability dedicated to ocean and coastal issues. In the 3-4 years that followed,
a series of additional legislative efforts and budget initiatives directed to the
coast and ocean have been enacted. Governor Davis has made the ocean and
coastal protection one of the top priorities of his administration, which has been
reflected in new legislation and substantial budget increases for these programs.
Proponents of ocean and coastal protection in California have continued to cite
the findings from this single economic study, because little else exits. Other
states and the federal government could benefit from the development of such
economic data.
California's experience demonstrates the potential impact of economic data in
driving public policy decisions. However, it was clear from the start that the
analysis conducted was limited. For example, the economic studies focused
strictly on market transactions of the industries studied. In the case of tourism,
much of the recreation value was left out entirely. Estimates were based on
travel spending data and reflected actual spending, not imputed data that might
have represented something like the value of a day at the beach. Studies have
been done and are currently underway to capture those values. It is the data
from such studies that can provide a substantially enhanced understanding of the
impact of the ocean and coast on state and national economies. This enhanced
level of analysis is what should be conducted at the state, regional, and national
levels to help support informed decision making regarding the management of
ocean and coastal resources.
Utility and Justification for Baseline Economic Data for the
Coast and Coastal Ocean
California is not alone in recognizing the importance of the oceans to their
economy. Since the International Year of the Ocean (1998) raised America’s
consciousness about the coast and the ocean, there has been that same
recognition at the national level, where there has been a proliferation of
government and business reports about this bountiful and popular area of the
United States. Many of those reports have tried to attribute values to coastal
resources, real estate, recreation and tourism, fisheries of all kinds, or to estimate
the cost of coastal erosion and other damage to the shore and waters. These
estimates generally have large margins of error, depending on how these
activities are defined, what was measured, and when it was measured. The need
for reliable economic information for decision making is made even more urgent
as the pace of technological change increases, investment patterns change, and
mergers reinvent industry infrastructures. Tracking the economic implications
of these trends over periods of time would indicate fluctuations in revenues,
expenditures, and employment that could help direct decisions in the future.
Indeed, at all levels of government, decision-makers have carved out a formal
role for economics in federal, state, and local law and regulations. The most
common economic tool to inform environmental decision-making--cost benefit
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analysis—depends critically upon sound economic information, including
quantitative estimates of the value of coastal environmental assets, not normally
traded in markets such as beach recreation. Currently, the ocean sector has little
data with which to do this.
The coast and ocean are critical areas that demand better understanding of their
economics, particularly because we don’t know how large an economic engine
is driven by the ocean and coastal zone. Yet we do know that many economic
activities depend on and impact coastal and ocean resources; that pressures on
these resources are testing their sustainability. Over the past three decades, the
interaction between environment and economy has received increased attention.
As our ability to measure both environmental and economic changes has
improved, serious attempts have been made to integrate environmental and
economic information for decision-making purposes. Some of this effort has
been directed at the creation of integrated economic and environmental accounts
within the national income accounting framework. Such integrated accounts
provide a consistent conceptual framework and a more level "playing field" for
decisions about conservation and development.
Most decisions are made with incomplete economic information that emphasizes
the values associated with development, such as housing, and miss many of the
values associated with conservation, such as habitat stability and recreation. This
is because data have traditionally been gathered on the market-oriented
activities, but not for non-market values. At the root of the problem is the
limited scope of the national income accounting system of the United States –
the accounting system from which measures such as gross domestic and gross
national product, GDP and GNP, are derived. These national income and
product accounts (NIPA), the most fundamental measure of the overall size of
the US economy, include only limited information about recreational values and
changes in environmental resources. And they give no special attention to
coastal or ocean-related economies
Some of the most obvious uses for this information are
• Economic impact assessments for regulations, controversial decisions,
predictions and projections.
• Management and investment decisions in coastal areas
• Conservation decisions regarding marine protected areas, no-take zones,
and setting aside green space.
• Sustainable policies for natural resources management
The Nature Conservancy and the Natural Heritage Program recognize that wise
conservation management cannot proceed without a thorough understanding of
the stocks and condition of biodiversity around the world. Hence, Conservation
Data Centers that document, measure, and track biodiversity are now an integral
part of conservation efforts throughout the Western Hemisphere. The
conservation of coastal and ocean resources also requires similar documentation.
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But coastal conservation requires an understanding of how coastal resources are
used, how these resources generate economic value, and how stocks of coastal
environmental and economic resources have changed over time. 1 Informed
coastal conservation in the 21st century will require an information system that
can provide policymakers with important and accurate information about coastal
resources and their values. Providing this data is the role of the National Ocean
Economics Project (NOEP), headquartered at the University of Southern
California.
Using Economic Data for Baseline Comparisons: A Sample of the Data
Federal Ocean Expenditures, 1970 – 2000
We have completed a preliminary assessment of federal ocean expenditures
from 1970 to the present. The primary data source is the U.S. Office of
Management and Budget’s annual Budget of the United States Government
publication. In some instances, data have also been obtained directly from
federal agencies. The data include information on marine expenditures in the
following federal functions and activities:
•
•
•
•
•
•
•
•
•
•
•

Department of Defense (Navy, Marines)
U.S. Coast Guard (USCG)
U.S. Army Corps of Engineers (ACoE)
National Oceanic and Atmospheric Administration (NOAA)
Maritime Administration
Panama Canal Zone government
St. Lawrence Seaway Development Corporation
Federal Maritime Commission
Marine Mammal Commission
Minerals Management Service
Environmental Protection Agency

Some budget entries are considered to be entirely “marine” expenditures, while
others are “mixed” (some part of the funds was spent on non-marine related
activities). For “mixed” expenditure categories, we have made preliminary
estimates of the marine fraction. These estimates will be refined in the course of
the project.
When the aggregate expenditures from 1970 to the present are normalized to
2000 dollars, we find that federal marine expenditures have been fairly constant
around $100 billion per year. Of this, about 80% are Navy expenditures and
another 12% are the Marines. The Coast Guard accounts for 4%, and other
civilian expenditures make up the remaining 4%. Figure 1 illustrates the trend
in some expenditure categories over the 30-year period.

1

Linwood Pendleton, December, 1999, internal document.
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The $100 billion annual federal marine expenditures represent from 10 to 50%
of typical “coastal GDP” or “ocean GDP” estimates. The $4 billion in purely
civilian federal marine expenditures represent from 0.5 to 2% of coastal/ocean
GDP estimates. The percentage of the federal budget devoted to civilian marine
expenditures decreased by two thirds from 1970 to the late1990s. Total federal
marine expenditures accounted for about 12% of the overall budget in 1970 and
dropped to just over 5% by 2000.

Figure 1: Trends in Federal Marine Expenditures 2
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Using Economic Data in the Decision Making Process: A More Complete
Cost-Benefit Calculation
Federal laws, court rulings, and Executive Orders, as well as a plethora of state
and local laws and regulations, increasingly call for assessing the costs and
benefits of proposed environmental management and policy interventions and
initiatives. Fortunately, over the last few decades, economists have developed
tools and methods to value many of these so-called non-market environmental
assets, to quantify these values, and to add them up and include them in the cost
benefit equations. This gives a much richer picture of the nature of the tradeoffs
involved in environmental decision making. These tools include travel cost
models, hedonic price models, and contingent and conjoint valuation techniques.
Further, better understanding and wider acceptance of metrics to deal with risk,
uncertainty, and discounting, particularly as applied to environmental issues,
has made the cost benefit framework more transparent and less controversial as
a decision tool.
The convergence of requirements to consider cost benefit analysis and our
ability to paint a much broader picture of the choices involved in environmental
decision making has led to intense interest on the part of coastal and marine
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planners and managers to understand and apply modern cost benefit techniques.
The National Oceanic and Atmospheric Administration (NOAA) has conducted
a series of regional environmental workshops for state and local planners and
managers, non-governmental organizations (NGOs), and the private sector on
methods and techniques of applying environmental valuation to environmental
management. NOAA is now actively partnered with Sea Grant institutions,
leading environmental and natural resource economists, and NGO's to develop
regionally specific Environmental Valuation Guidebooks. These include
economic concepts such as tradeoffs and willingnesss-to-pay, economic tools
such as cost benefit analysis and economic impact analysis; valuation tools like
travel cost models; and regionally specific case studies such as sediment
remediation in the Great Lakes. Regional Handbooks in preparation cover the
Great Lakes, South Florida, and New England.
Measurement Strategies and Past Studies: How to formulate the database
Now that we have discussed the impetus for creating the database for the coastal
and ocean economy, it is important to understand the theoretical and intellectual
underpinnings for this work. There is, in fact, a great deal of economic
information about the ocean and its resources available in myriad public and
private databases and in a large amount of literature both peer reviewed and
"gray". But this large array suffers from a series of major flaws. Data is
inconsistently estimated, utilizes a variety of measures from output to
employment to income, and is sometimes constructed using techniques that are
controversial among economists and poorly understood by non-economists. A
major task of the NOEP will be to develop and apply consistent rules for
measuring and describing the economic values associated with the ocean, and
then providing the data in a way that users understand both the strengths and
limitations of the various approaches.
The core strategy to sorting the data is to use the framework for measuring the
economy that underlies the measurement of most economic activity in the U.S.:
the National Income and Product Accounts. These accounts measure the total
output of goods and services in the economy (gross domestic product), the
income earned from producing those goods and services (gross domestic
income), and the sales of the individual industries (gross product originating).
The NIPA framework provides the consistent set of rules, which help avoid the
dangers of counting the same activity twice. NIPA measures both the annual
flows of economic activity and changes in the value of assets used by the
economy (stocks), and permits measurement of economic activity related to the
ocean at both the regional and national level. The result is a "satellite" account
of the NIPA that measures the "ocean GDP" of a type increasingly being
developed by the U.S. and other countries to focus attention on particular areas
of the economy..
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The concept of an "ocean GDP" is not new. In 1974, the Bureau of Economic
Analysis, the agency responsible for maintaining the National Income and
Product Accounts undertook to identify the contribution of the ocean to the
Gross National Product (Nathan Associates, 1974). In that study, the Board of
Economic Advisors (BEA) developed estimates for Gross Product Originating
from the ocean using the economic census data for 1972. Two follow-up studies
used a similar approach to estimate this value for 1977 and 1987 (Pontecorvo
et.al, 1980; Pontecorvo, 1988).
Creating an "ocean GDP" requires that the national data be disaggregated in two
ways: by industry and geography. Certain industries, like fisheries or marine
construction, are clearly ocean related. Other industries, like tourism, are related
to the ocean only by virtue of geographic proximity. The task, therefore, is to
identify the interaction of industry and geography that defines the sectors
associated with the ocean, then measuring these sectors output and income.
Though not formally part of the NIPA data, employment is also of interest and
will be included as well. Estimates at both the national and regional (state and
county) levels can be derived from existing federal data sets.
The NIPA framework is the foundation for the Project’s data collection. It will
provide a wealth of critical information about how the national and regional
economies are affected by the ocean, about how these effects change over time,
and, when linked with other data sets that measure the ocean, how changes in
the marine environment affect the economy. But it is not a complete picture, so
the NOEP will extend the core NIPA account in several ways. These "extended
accounts" will provide additional details on major industry sectors associated
with the ocean, about the ocean economy of a number of key states, and the
assembly of economic information concerning the ocean that is not accounted
for by government or industry (non-market values).
A number of key industries must be studied in significant detail in order to
provide the best estimates of activity within the NIPA framework, and these
industry studies can then be used as stand-alone products. The industries to be
examined include fishing and aquaculture (including commercial fish
processing); minerals (oil and gas); tourism/recreation, including beach use and
boating; construction (including expenditures on restoration, maintenance, repair
and rehabilitation of coastal lands); marine transportation; real estate; ship and
boat building; and government.
Interest about the ocean and its economic activities is not confined to the
national level. State and local decision makers need to know about ocean
related economic values as well, and a number of studies at the this level have
been conducted. A recent example is the economic data cited from "California’s
Ocean Resources: An Agenda for the Future," sponsored by the State of
California. Other studies for the state, multi-state, or sub-state level Luger
(1993); Colgan and Plumstead, (1993) and Colgan (1990). The NOEP data
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will update these studies at the state and county levels. Where funding is
available, more detailed analysis of individual states will be undertaken,
focusing particularly on activities that are best examined at the sub-county level
like tourism and recreation and the ocean’s effects on real estate values.
Measuring economic activity associated with the ocean through examination of
the goods and services produced by specified industries and in coastal locations
will provide answers to many of the most commonly asked questions about the
ocean economy. But even this data will still be incomplete. Beyond are a
variety of "non-market" values, which are needed to complete the picture.
When someone goes to the beach in Florida or boats on Chesapeake Bay, there
may be little that is directly purchased on that day. But the popularity of such
activities is testament to their underlying value. Economists have developed a
variety of techniques to measure such values, and a large number of studies have
been done throughout the country using these techniques. The Project intends to
compile the results of these studies into the ocean economy database to provide
researchers with access to the information that has been generated.
The resulting integrated, web-accessible database will provide as comprehensive
a picture as possible of the economic values associated with the ocean. It will
provide historical data, and because it is estimated as much as possible on a
consistent basis, it can be used to compare these values across time and space.
But there will still be important limitations. Requirements to maintain
confidentiality of data will require that many smaller geographic areas cannot be
described in the same level of detail as larger regions. The surveys of industries
conducted by the Census Bureau that underlie the national data and which will
be used to disaggregate to the industrial and geographic level will have sampling
limitations that will require some indirect estimating techniques. The nonmarket values are estimated using complex techniques that can result in widely
varying figures for the same resources.
Therefore a key part of NOEP will be to develop approaches to quality
assurance and quality control (QA/QC) for the data. Thorough documentation
of sources and estimating techniques available on line as part of the data
distribution system will be one key element. The other element will be primers
on the techniques and professional review of estimates made by others
(particularly the non-market data) that will allow users to better understand what
the data is and how it might be used.
In summary, many decisions about the use and conservation of ocean and
coastal resources hinge on economic assumptions. Frequently, the arguments
revolve around conflicting statements about the real or perceived “value” of the
oceans and coastal zone. Despite the magnitude of these arguments and the
importance of the decisions, the fact is there is no systematic accounting of the
market and non-market values of the marine environment. This work intends to
fill that void.
312

References
Bell, Frederick W. and Vernon R. Leeworthy 1986, “An Economic Analysis
of the Importance of Saltwater Beaches in Florida.” Report Number 82.
Tallahassese, Fl. Florida Sea Grant college
Bureau of Economic Analysis. 1974. Gross Product Originating from
Ocean-Related Activities. Washington.
Bureau
of Economic Analysis. 1994a. “ Integrated Economic and
Environmental Satellite Accounts” Survey of Current Business, April.
Bureau of Economic Analysis. 1994b. A Satellite Account for Research and
Development. Survey of Current Business. November.
Bureau of Economic Analysis, 1994c. Accounting for Mineral Resources:
Issues and BEA’s Initial Estimates. Survey of Current Business. April.
Colgan, C.S. 1990. Valuing Coastal Zone Management. Newport, Oregon:
National Coastal Resources Research and Development Institute. Publication
NCRI-T-90-005. 1990
Colgan, C.S. and Plumstead, J. 1993. Economic Prospects for the Gulf of
Maine Augusta, Maine: Gulf of Maine Council on the Marine Environment.
Luger, Michael I., 1991-92 “The Economic Value of the Coastal Zone,”
Journal Environmental Systems, Vol. 21(4), pp. 279-301, 1991-92.
Moller, Rosa and Joe Fitz,1997. The Resources Agency of California,
California’s Ocean Resources: An Agenda for the Future, Chapter 2:
Economics of Ocean Dependent Industries, March 1997.
National Research Council. 1999. Nature’s Numbers: Expanding the
National Economic Accounts to Include the Environment. Washington:
National Academy Press.
Pontecorvo, G., M. Wilkinson, et al. (1980). “Contribution of the Ocean
Sector to the United States Economy.” Science(208): 1000-1006.
Pontecorvo, G. (1988). “Contribution of the Ocean Sector to the United
States Economy: Estimated Values for 1987 -- A Technical Note.” MTS Journal
23(2): 7-14.
United States Senate, 1974. The Economic Value of Ocean Resources to the
United States. USGPO (prepared by Nathan Associates)
Dr. Judith T. Kildow
Senior Research Scientist
The Wrigley Institute for Environmental Studies
AHF 331
University of Southern California
Los Angeles, CA 90089-0371
Phone: 213-740-5539
Fax: 213-740-6720
Email: jkildow@usc.edu

313

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA
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Introduction
Over the course of the last ten years, declines in Pacific salmon in the northwestern
region of the United States have prompted federal agencies to designate certain
stocks (evolutionarily significant units (ESUs)) as endangered or threatened under
the Endangered Species Act. A decision to list certain distinct population segments
(DPSs) of atlantic salmon in the northern-most part of Maine is pending. On both
coasts, states have attempted – and failed – to forestall listing by crafting state
conservation plans. States are now faced with implementing conservation measures
designed to protect and restore habitat upon which the listed stocks depend. As
those measures come into existence, they may curtail certain land-based, as well as
water-borne, activities and uses by a wide range of federal, state, municipal and
individual stakeholders. In some instances, users cite the threat of restrictions as
the basis for foregoing certain business activities that might otherwise benefit state
and local economies. Even those willing to concede the inevitability of some
restrictions designed to protect habitat argue that critical habitat designation and
protective measures need to be articulated in a definitive way to provide
stakeholders with the requisite level of certainty and stability necessary to proceed
with some level of activity without fear of running afoul of ambiguously applied
regulatory provisions.
Pacific Salmon listings and effects on land-based activities
In the mid-1990s, the National Marine Fisheries Service and the US Fish and Wildlife
Service concluded that a number of stocks of pacific salmon merited listing under
the Endangered Species Act since they represented evolutionarily significant units
(ESU) of a given species threatened with extinction. Under the terms of the ESA, the
federal reviewing agency must consider whether critical habitat for the listed species
can and should be identified as a means of developing a set of standards within
such areas to protect and restore the at-risk fish. In some instances, critical habitat
designations have been announced. Where critical habitat has not yet been
defined, state and local development criteria and review processes have been put
in place that have raised concerns of property owners. This past spring, a
Washington state water permitting exemption was being re-visited, based in part on
concerns that the cumulative effect of residential water withdrawals in new housing
developments, will impact water available to endangered salmon habitat areas.1
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Other examples of Washington state conflicts over salmon-based land use
restrictions:
·

In February, more than 1,000 people petitioned the Kitsap County
commissioners to get rid of the 200-foot [riparian ]buffer zone [they
argued] impinges on their property rights;

·

In Skagit County, an effort to limit the no-touch zone to 25 feet in
agricultural areas has provoked a swift reaction from the state Department
of Fish & Wildlife. Department officials say such narrow buffers
inadequately protect the salmon and have asked the state Growth
Management Hearings Board to reject them; and,

·

A tri-county effort by Pierce, King and Snohomish counties to create their
own regulations has dragged on past an April 1 deadline, in part because
of habitat disagreements. 2

Washington state also worked to revise its forestry practices standards in light of
endangered salmon concerns. On September 22, 1998, the state Forest Practices
Board approved the
following goals to serves a guide for new state regulations:
1.
2.

To provide compliance with the Endangered Species Act for aquatic
and riparian-dependent species;
To restore and maintain riparian habitat on state and private forest
lands to support a harvestable supply of fish.3

In some circumstances, the need to address salmon habitat has been integrated into
wider ranging health and conservation issues. In early May of this year, concerns
were raised that aerial spraying to control Gypsy moths in the Seattle area would
have to take into consideration, among other things, the possible effects on
endangered salmon habitat.4 In tributaries to the Columbia River, islands are being
taken out of the running for golf course and luxury housing via habitatconservation-inspired purchases.5
Atlantic salmon in Maine and recommendations to list certain poulations as
endangered
Off the east cost of North America, atlantic salmon inhabitat marine waters and
rivers ranging from Greenland to Long Island Sound. On November, 17, 1999, the
National Marine Fisheries Service and the US Fish and Wildlife Service
recommended that certaindistinct population segments (DPSs) of Atlantic Salmon
in the Gulf of Maine be designated as endangered under the Endangered Species
Act of 1973.6 While the state has argued that there are no endangered stocks in the
region, the science supporting the federal study has prompted the US Fish and
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Wildlife Service and the National Marine Fisheries Service to propose the listing of
a number of population segments that spawn in the rivers of the northernmost
(“downeast”) region of the state. 7 Historically, this area has not fared well
economically and one of the industries that offers promise to the local economy is
aquaculture. But the very industry that some say offers the potential to support
economic recovery, may be seen as a threat to the wild stocks of salmon likely to be
listed, since escapements of hatchery and farm-raised fish have been cited as one
of the factors in the decline of wild fish populations.8
The call for certainty
On both coasts, stakeholders likely to be impacted by critical habitat designations
and their attendant regulatory measures, argue that local business and regional
economies need definition and a level of regulatory stability to succeed. A
significant concern raised by private landowners and businesses in close proximity
to salmon habitat areas is the uncertainty of the habitat protection measures. Many
argue that the protective measures may be too late to bring certain stocks back to
historical levels. Others contend that the efforts cost too much for too little. And
still others argue that the habitat designation and protection process is so
ambiguous that it has a significant chilling effect on property owners efforts to use
their land productively.9 Additionally some critics raise the specter of the shifting
lines that may occur under proposals to “define” critical habitat under a functional
rather than geographic standard. One opponent criticizing the use of narrative
definitions to designate critical habitat areas rather than maps and clearly delineated
boundaries, argues that an ever-changing “functional” test fails to notify
landowners and users of the extent of critical habitat area. 10

1. State right to seek water law ruling; Surging demand for new housing sets up clash over
water-rights rules, The News Tribune (Tacoma, WA), April 21, 2000, Pg. B6
(Washington Department of Ecology filed a complaint in Cowlitz County Superior
Court against a housing developer arguing that exemption doesn’t apply if the
cumulative amount of water use in a development - regardless of the number of
water systems - exceeded 5,000 gallons a day.)
2. Susan Gordon, Washington Property Owners Resent Restrictions Designed to
Save Salmon, The News Tribune April 18, 2000
3. See Washington State Forest Practices Board Proposed Rules, Title of Rule:
Amendments to forest practices rules, Title 222 WAC, 2000 WL 18958576. (Indicating that
“current forest practices rules are not providing adequate protection for salmon and
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other public resources.”
4. Phuong Le , Protesters Demand Locke Intervene In Pesticide Spraying, SEATTLE
POST-INTELLIGENCER, Pg. B1 ( May 04, 2000). (citing concerns raised over human
health effects and potential endangered salmon habitat degradation).
5. DEAN BAKER, LEWIS RIVER ISLAND BOUGHT FOR SALMON, The
Columbian, P. B1 (Vancouver, WA April 25, 2000) “ In an effort to protect salmon
spawning grounds, Clark County, the state and PacifiCorp are buying 258-acre
Eagle Island in the North Fork of the Lewis River for $ 972,000. Previously owned
by the River Bend Co., the island, three miles upstream of Woodland, is what
officials describe as critical rearing habitat for the last viable run of wild fall chinook
in the Columbia River system below Hanford Reach. Arizona-based River Bend had
hoped to develop a golf course or housing on the property” Id.
6. Notice of Proposed Rule-Making, 64 Federal Register 62627 (November 17, 1999).

7. Fed Reg (November 17, 1999).
As of 5/5/2000, the US Fish and Wildlife Service listed the status of the DPS under
review as:
Common Name: Atlantic salmon
Scientific Name: Salmo salar
Family: Salmonidae
Group: Fishes
Historic Range: U.S.A., Canada, Greenland, western Europe
Current Information:
Population To Which Status Applies: U.S.A. ME Gulf of Maine Atlantic
Salmon Distinct Population Segment, which includes all naturally
reproducing wild populations of Atlantic salmon having historical,
river-specific characteristics found north of and including tributaries of the
lower Kennebec River to, but not including, the mouth of the St. Croix
River at the U.S.-Canada border. To date, the Services have determined
that these populations are found in the Dennys, East Machias, Machias,
Pleasant, Narraguagus, Sheepscot, and Ducktrap Rivers and in Cove
Brook, Maine Current Status: Proposed Endangered
Lead Region: Northeast Region (5) Occurrence: ME
http://ecos.fws.gov/species_profile/species_profile.html?module=undefined&spcod
e=E07L
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8. Donna Gold, Aquatic Farmers Fear Future, T HE BOSTON GLOBE , Pg. B10 (December
26, 1999). “environmental questions about interbreeding of farm -raised populations
with the [potentially designated] endangered, wild Atlantic salmon may trigger
federal regulation.” Id.
9. See also, Listing could hurt eastern Maine; The impact on resource use and development
will be immense PORTLAND PRESS HERALD , P 9A (January 19, 2000) (editorial page
comment of Dianne Tilton, Executive Director of the Sunrise County Economic
Council in Machias, Maine)
“ if the salmon is listed as endangered in our region, it could trigger events
that would reverse the substantial [economic] progress we have all worked
so hard to make ... there are at least two ways listing will threaten our
county's economy: The first is to impede economic activity by placing
additional restrictions on resource use...the second is by creating an
environment of regulatory uncertainty, resulting from the provision in the
Endangered Species Act which allows private lawsuits against property
owners if it is believed they engage in activities that threaten salmon or
their habitat.” Id.
10. Endangered Species Act: Hearings on H.R. 3160, Before the House Comm. on Resources
(testimony of William Murray, Natural Resources Counsel of the American Forest
& Paper Association) (reported in Federal News Service February 2, 2000). “The
agencies have recently proposed changes that would increase the opportunities for
mischief involving critical habitat. 64 Fed. Reg. 31871 (June 14, 1999).
“In this document, the agencies propose expanding critical habitat to
include unoccupied habitat and habitat necessary for recovery. They also
proposed descriptions of critical habitat, rather than maps. NMFS
demonstrated this for the upland portion of coho salmon critical habitat
where it merely designated the "adjacent riparian zone." In the preamble to
the rulemaking, NMFS described these zones as any area adjacent to
designated riverain critical habitat which contains certain functional
qualities, leaving landowners guessing as to the location and extent of
qualifying zones.” Id.
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Introduction
Salmonid populations in the Columbia River basin have been on the decline
since western settlement in the 1800's. Six anadromous salmonid species are
native to the Columbia River basin: pink, chum, coho, chinook, and sockeye
salmon, and anadromous steelhead trout. Declines in the number of salmonid
stocks, size of populations, and the extent of distribution have occurred
throughout the basin. Research and enhancement efforts to restore the salmonid
populations have focused primarily on the freshwater portion of their juvenile
life history, while little effort has been directed toward understanding the early
life stages in the estuary. During the juvenile migratory transition from
freshwater to the marine environment, the estuary is used by salmon as a conduit
to the sea, and provides refuge and rearing habitat. In order to spatially integrate
the estuary with other environments of the salmon life cycle, this project is
reconstructing the historical early life history of juvenile salmonids in the
Columbia River estuary. Because anthropogenic alterations and influences in
the estuary and throughout the basin may have contributed to the decline of
salmonids using the estuary, we initiated a study to evaluate the effects of
physical and biological alterations over time on estuarine habitat and early life
history diversity of juvenile salmonids. The purpose of this paper is to examine
the adequacy of existing research data to meet the objectives of the project and
to identify future research needs.
Study Area
The Columbia River Basin has a watershed area of 660,480 km2 and
encompasses 7 states and two Canadian provinces; Washington, Oregon, Idaho,
Nevada, Wyoming, Montana, Utah, British Columbia and Alberta (Simenstad et.
al.1990). The estuary is classified as a drowned river valley and extends 145 km
upstream to Bonneville Dam. The estuarine habitat in the Columbia River basin
has undergone significant changes in the last century. Tidal fluctuations occur
up to Bonneville Dam, although historically fluctuations reached beyond the
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dam before its placement. Salinity intrusion is approximately to RM 34, but
historically has been predicted to reach RM 47 during extreme low river flow
prior to shoreline diking and flow regulation from upriver dams (Sherwood et.
al. 1990, Simenstad et. al. 1990). The net result of flow regulation and physical
alterations is a reduced habitat capacity in the estuary to support juvenile
salmonids.
Concepts and Approaches
The Relationship Between Adult And Juvenile Life History Strategies
Pacific salmon have evolved a wide diversity of rearing and migratory behaviors
within and among species that affect flexibility and resilience of populations in a
changing environment (Healey 1991). The diverse life histories and relative
success of salmonids provides a template for evaluating the effects of change in
the estuary. We developed a conceptual model to reconstruct estuarine use by
juvenile salmonids and the effect that changes in the habitat have had over time
on life history diversity. The model outlines modern early life history types of
each salmonid species in the Columbia River basin and their potential duration
of time spent in the riverine, tidal fluvial, and euryhaline environments
(residency). Estuarine residence of juvenile salmonids varies by species and life
history type. Our study focuses on chinook salmon to characterize effects of
change in the estuary because chinook salmon have multiple life history
strategies and a propensity for estuarine rearing.
The diversity of chinook salmon life history is exhibited in the number of
juvenile life history strategies and the range in timing of adults returning to
spawn. The juveniles are classified based on the time spent rearing in
freshwater or estuarine water before migrating to the ocean. Our conceptual
model is based on three early life history types present in the Columbia River
basin: ocean, intermediate, and stream. Ocean-type juvenile chinook salmon
have the shortest freshwater and estuarine residency, migrating to sea several
weeks to several months after emergence (Healey 1991). Stream-type juvenile
chinook salmon have the longest residency in freshwater, ranging up to 12
months, and migrate rapidly through the estuary to the ocean the second spring
following emergence. A variant of ocean-type, termed intermediate-type, is
intermediary between ocean-type and stream-type juveniles, and utilizes both
freshwater and estuarine habitat prior to migration to the ocean within the first
year (Rich 1920). Ocean-type and intermediate-type juvenile salmon migrate to
the ocean within their first year and are referred to as subyearling migrants.
Stream-type juvenile chinook salmon are referred to as yearling migrants.
Ocean-type and intermediate-type juveniles are more dependent, sometimes
exclusively dependent, on estuaries for rearing than stream-type juveniles
(Dawley et. al. 1986, Healey 1991).
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Figure 1. Life history types of Columbia River chinook salmon
The early life history strategies of ocean-type and stream-type chinook salmon
are loosely linked to the timing when adults return from the ocean to spawn in
freshwater. There are three main adult runs: spring, summer, and fall. Rich
(1943) was able to correlate adult run timing with early life history types based
on analysis of fish scales collected from adult salmon returning to the Columbia
River. Stream-type juveniles contributed largely to the spring adult returns, and
ocean-type juveniles contributed to fall adult returns. Summer run progeny
varied between stream-type and ocean-type life history based on locality. Rich
(1943) was unable to estimate the contribution of the intermediate-type juveniles
to the adult returns. However, Reimers (1973) correlated duration of juvenile
estuarine residency with adult returns in the Sixes River, Oregon and determined
that intermediate-type juveniles contributed significantly to the returning adult
populations.
Our investigation involved summarizing literature pertaining to juvenile and
adult anadromous salmonids and the anthropogenic influences throughout the
basin that may have influenced life history diversity. We reviewed and analyzed
pre-existing published and unpublished data from the estuary on subyearling
chinook salmon and examined the relationship between subyearling life history
diversity in the estuary and anthropogenic pressures throughout the drainage
basin.
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Figure 2. Quartiles and average fork lengths of fish sampled with beach seines
in the Columbia River estuary, 1916.
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Results and Discussion
Estuarine Alterations
The long history of physical and biological alterations in the drainage basin may
have greatly reduced the habitat capacity and shifted the prey resource
conditions in the estuary for juvenile salmon. Physical alterations in the estuary
include diking, dredging, and filling activities which began in 1885, with the
construction of the South Jetty, and has continued through the twentieth century
with an estimated 24% loss of historic surface area (Sherwood et. al. 1990,
Thomas 1983). Shoreline diking has funneled the river flow, and eliminated the
river's ability to expand into former marginal floodplain habitat during high
flows. The most devastating loss to the estuarine ecosystem is tidal wetlands,
which have decreased by 65% in surface area (Thomas 1983). Tidal wetlands
are the preferred habitat of Columbia River subyearling chinook salmon
(McCabe et. al. 1986). The loss of estuarine wetlands and the increased primary
productivity in upriver reservoirs have contributed to a shift in the estuary from
a macrodetrital to microdetrital dominated food chain base (Sherwood et. al.
1990). Subyearling chinook salmon depend primarily upon a macrodetrital food
chain in the shallow and surface water habitat (Sherwood et. al. 1990). The
ecological shift due to anthropogenic influences and alterations in the watershed
and the estuary may have reduced the capacity of the estuary to sustain
subyearling juvenile chinook.
Changes In Salmonid Life History Diversity
From a historical perspective, four anthropogenic influences throughout the
basin have constrained the diversity of early life history traits that once existed
in chinook salmon; habitat alteration, harvest, hatcheries, and impoundments
behind dams. Salmon have experienced anthropogenic pressures since the late
1800s. Commercial harvesting targets specific adult runs, such as the spring
runs, indirectly affecting the abundance of the associated juvenile life histories,
which is stream-type juveniles for spring chinook salmon. Impoundments,
physical habitat alteration, and hatcheries directly affect both juvenile and adult
life history strategies. Complicating the historical analysis of early life history
types that use the estuary is the extinction of numerous populations due to
placement of dams, reducing the available populations for the study. The
majority of chinook salmon production in the Columbia River basin is now
provided by hatchery-reared juveniles, which differ considerably from wild
juvenile salmon in behavior and genetic composition, and compete with wild
fish for the same habitat and prey resources. Physical and biological pressures
on both juvenile and adult salmon runs may reduce the abundance and result in
the loss of juvenile life history types that rear in the estuary, ultimately shifting
the composition of salmonid life history types.
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Figure 3. Quartiles and average fork length of hatchery and potentially wild
(unmarked) subyearling chinook salmon recovered by purse seine sampling in
the Columbia River estuary, 1980. Lack of outer quartiles reflects small sample
size.
Prior to major alterations in the watershed and estuary, an intermediate life
history type of chinook salmon reared extensively in the Columbia River
estuary. Rich (1920) conducted one of the earliest surveys of wild juvenile
chinook salmon in the estuary. From 1914 to 1916 survey data, subyearling
chinook salmon grew from 0% to 193% in fork length while in the estuary
(100% is a doubling in size) (Rich 1920). Subyearling chinook salmon were
sampled at Point Ellice (Rkm 20) from May to September 1916 and ranged
33mm to 130mm in fork length. There were two peaks in the downstream
migration of smaller subyearlings, early spring and late summer (Rich 1920).
The average fish length at Point Ellice in 1916 increased significantly through
July, after which an influx of recently arrived small subyearlings was balanced
by fewer estuarine-residing juveniles resulting in little change in average fork
length from July to August (Figure 2).
A modern analysis comparable to Rich's (1920) study, which established an
intermediate-type life history based on estuarine growth, is lacking in the
Columbia River estuary. A close comparison is relative travel times established
by Dawley et. al. (1986) from groups of marked hatchery subyearling chinook
salmon released throughout the basin and recovered at Jones Beach (Rkm 75)
and the lower estuary. The rate of movement through the estuary of these fish is
not consistent with that expected for an intermediate-type life history. However,
average travel time based on the recovery of marked groups of hatchery fish in
the estuary may not be representative of the actual residence time for
individuals, particularly smaller, naturally-produced salmon. An alternative
analysis, at it’s preliminary stage, compared fork lengths of estuarine-rearing
fish from Rich (1920) (Figure 2) and Dawley et. al. (1985, 1986) (Figure 3)
which indicated sizes of subyearling chinook salmon sampled in the estuary
have changed relative to historic levels. While sampling gear and methods used
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by Rich (1920) and Dawley et. al. (1985, 1986) differ, recent trends in fish
lengths, including the presence of large subyearlings in the late spring and early
summer and the absence of small fish (<80 mm) in the estuary during late
summer (e.g. Figure 3), are not explained solely by selectivity of different
methods. Present-day estuary surveys further indicate that the migration timing
and abundance of subyearling chinook salmon in the estuary are closely
correlated to the timing of hatchery releases and not the migratory behavior of
naturally-spawned fish (Dawley et. al. 1986). Because the majority of salmon in
the Columbia Basin are now produced in hatcheries and are released over a
relatively narrow range of sizes and time periods, current patterns of chinook
salmon use of the estuary may be substantially simplified and concentrated
relative to historic patterns. The survival consequences of a possible decline in
the diversity of estuarine rearing patterns for juvenile chinook salmon are not
known.
Conclusion
A historical perspective of juvenile salmonid life histories provides a context for
understanding the importance of the estuary to the survival of salmon.
Subyearling chinook salmon rear in estuaries throughout the Pacific Northwest,
and these juveniles contribute significantly to adult returns (Reimers 1973,
Kjelson et. al.1982, Healey 1991). Preliminary analysis of the available data for
the Columbia River estuary indicates a difference between historical and present
day estuarine use by subyearling chinook salmon. Availability of habitat and a
shift in detritus production in the estuary have contributed to the observed
difference. Changes in behavior, such as the ability of subyearling migrants to
use the estuary, may be the result of human influences independent of the
availability of habitat or productivity in the estuary, i.e. hatchery and harvest
pressures.
Continued analysis of archival data will contribute to a more comprehensive
comparison of historic changes in subyearling chinook salmon use of the
Columbia River estuary. Modern research examining residency and growth of
wild subyearling chinook salmon in the estuary is essential to identify the extent
of change in use that has occurred. The importance of the estuary to subyearling
migrants increases with the ability of salmon to use the available habitat.
Restoration strategies should be designed to re-establish the diversity of salmon
rearing behaviors to take full advantage of productive estuarine habitats.
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CHALLENGES AND SUCCESSES OF COLLABORATIVE,
WATERSHED-BASED SALMON RECOVERY PLANNING
Will Hall, Snohomish County Surface Water Management

Watershed councils and similar coalitions have been created in many areas to
address concerns such as water quality, non-point source pollution, instream
flows and fish habitat. In 1998, the Washington State Salmon Recovery Act
(75.46 RCW) formalized a role for local watershed groups in salmon recovery.
The Act makes money available for habitat restoration projects that are
supported by a representative committee of watershed interests, including
counties, cities, conservation districts, tribes, environmental groups, business
interests, landowners, citizens, volunteer groups, regional fish enhancement
groups and other habitat interests.
The 1999 listings of Puget Sound chinook salmon (Oncorhynchus tshawytscha)
and bull trout (Salvelinus confluentus) as threatened species under the
Endangered Species Act have focused additional attention on watershed groups.
Local, collaborative approaches are widely regarded as essential for recovery to
take place. Federal and Washington State strategies promote local, watershedbased planning instead of top-down, one-size-fits-all solutions.
Grants have been made to dozens of watershed coalitions throughout the State to
assist with salmon recovery planning, but most of the groups are still relatively
new. Watershed councils, forums, and steering committees find themselves
struggling to understand complex ecosystems, complicated patterns of human
activities and regulations, and the interactions between the two. In this period of
rapid organizational development, some aspects of watershed planning seem to
be working, and others need more work.
The Salmon Recovery Act encouraged planning at the level of water resource
inventory areas (WRIAs) or combinations of WRIAs. Snohomish County,
Washington, contains parts of five WRIAs. The Lower Skagit-Samish (WRIA 3)
and the Upper Skagit (WRIA 4) are combined under a single planning unit led
by the Skagit Watershed Council, a non-profit organization. Planning in the
Stillaguamish (WRIA 5) is taking place under the joint leadership of Snohomish
County and the Stillaguamish Tribe. Snohomish County is the lead in the
Snohomish (WRIA 7), and King County is the lead in the Cedar-Sammamish
(WRIA 8). This paper is based on salmon recovery and watershed planning
experiences in these Puget Sound watersheds over the past three years.
Challenges facing watershed planning groups include balancing the desire to
understand complex systems with the need to take early action, maintaining
effective communications among the multitude of stakeholders and agencies
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while retaining enough time to take action, and cultivating social values that
promote resource stewardship in an atmosphere of property rights.
The tension between wanting to increase knowledge and wanting to take action
is felt in every watershed planning group. Some participants, especially tribes
and environmental groups in the case study areas, press for immediate actions to
reverse the decline in salmon stocks and habitat conditions. They recognize that
existing data is incomplete, but maintain that we know enough about human
impacts on salmon habitat to justify major changes in land and water
management. The pressure for action is increased by various funding agencies,
including the new Salmon Recovery Funding Board, which make millions of
dollars available for on-the-ground restoration projects but provide no money for
studies. On the other side of this issue are organizations, mainly local
governments, that want to make sure their money is well spent and that they get
credit for restoration activities. These parties point out that huge expenditures in
the past have failed to achieve the desired results, and that information is not yet
available to show which actions will have the greatest benefits for salmon.
These entities often ask for benefit-cost analysis before implementing proposed
recovery actions, or they seek to delay action until federal or state regulations
provide clear guidelines.
Keeping a watershed coalition together requires almost constant communication.
In the Snohomish and the Cedar-Sammamish basins, there are technical, policy,
and public outreach committees working in support of the watershed forum and
steering committee. Each of the other basins at least has a technical committee,
and these committees all form subcommittees. The result is half a dozen or more
standing committees with regular (usually monthly) meetings. The individuals
who are most involved in recovery planning attend many of these watershed
meetings in addition to regional committees and dozens of meetings within their
own organizations. Considering the time required for meeting logistics and
travel, these key individuals may dedicate 50% or more of their time to interand intra-agency coordination and communication.
One of the greatest challenges facing watershed planning efforts is the persistent
belief that ownership of property conveys unrestricted property rights. While 60
to 75% of the basins in the case study are federally owned forest lands, the
mainstem river valleys are almost entirely privately owned. The riparian and
floodplain areas essential for habitat function are mostly in agricultural or rural
residential uses. Local governments are hesitant to impose any regulations that
may expose them to takings claims. Furthermore, agriculture is valued as a way
of life in most of the study area. One of the member organizations of the Skagit
Watershed Council, for example, is Skagitonians to Preserve Farmland. Many
farmers believe they are already over-regulated, and local governments try to
avoid making the situation more tense. In the absence of strong regulatory
regimes, it becomes critical to establish a sense of stewardship for the resource.
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Cash incentives for conservation easements or transfers of development rights
are also essential tools.
Successes have come out of combining strong leadership with consensus
decision-making, keeping scientists and planners independent enough to focus
on their own work yet integrated enough to work together, and taking early
actions based on incomplete information while supporting the research and
planning for future actions.
As with any collaborative effort, strong leadership and an effective consensus
decision-making model are essential. Earlier watershed groups, such as the
Snohomish River Basin Work Group and the Lake Washington Watershed
Forum, met for several years prior to the Salmon Recovery Act. They were
effective means of intergovernmental communication, but the leadership and
focus were not sufficient to result in substantial action. Where the leader is fully
engaged in the process, as in the Skagit Watershed Council, member
participation is more consistent and the group is capable of making difficult
decisions. In the other watersheds, where elected officials chair the groups as
one of their many responsibilities, participation is lagging but the strong leaders
are keeping their groups moving ahead.
The relationship between science and policy has been widely studied in other
areas, and the critical issues are largely the same with watershed-based salmon
recovery planning. By asking the technical committees to do the initial technical
work largely independent of policy constraints, the watershed groups have
gained a much clearer picture of what actions are most essential for salmon
recovery. The Initial Snohomish River Basin Chinook Salmon
Conservation/Recovery Technical Work Plan and the Salmonid Habitat Limiting
Factors Analysis: Stillaguamish (WRIA 5) are two excellent examples of this
technical work. The downside is that elected officials are not always willing to
do what is best for fish if cost or other considerations seem disproportionate, so
extensive policy analysis is required to compel specific actions based on the
technical work. This creates some tension between scientists and planners, but
exposing and exploring this tension can lead to productive and informative
discussions, which in turn can make it easier for elected officials to make
informed decisions.
Counties and cities have had some success implementing early actions to
promote recovery. Snohomish County, for example, has started more than twothirds of the 68 early actions it proposed at the time of the chinook salmon
listing. Those actions include programs with immediate benefit for salmon as
well as research activities to guide future recovery activities.
Even though these planning efforts are only a couple of years old, lessons are
beginning to emerge from their experiences. Addressing these issues early on,
while groups are still forming, can save time and improve results.
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•
•
•
•

Identify and stay focused on shared goals
Get participants to agree to share decision-making responsibility
Engage the public through interest groups and stakeholders
Limit the size of working groups

Each organization participating in a watershed coalition has a unique set of
interests and objectives. Furthermore, individuals bring their own values and
bias to the table in addition to their employer's interests. The result is a complex
mosaic of diverse interests and perspectives - precisely what the multistakeholder approach seeks to create.
Assembling a group of diverse stakeholders is one thing. Getting anything done
through the group is quite another. With many different interests at the table, it
is easy for groups to lose focus or venture off into topics outside the established
role of the group. For example, the Snohomish Basin Salmon Recovery Forum
has had long discussions about water supply, even though they agreed it was not
in their current scope. The Cedar-Sammamish Steering Committee spends time
on regional funding issues, even though only the local government members are
directly involved in those decisions. These discussions, while important to some
participants, can distract from the shared objectives.
It may be useful to get each participating organization to describe their interests
for the whole group. This was done in writing by members of the Skagit
Watershed Council and in a facilitated meeting by members of the Snohomish
Basin Salmon Recovery Forum. Once the individual goals are made explicit, it
is easier to tell whether a participant is trying to advance the group goal or their
individual interest.
Local governments, for example, are very concerned about legal liability. This
can lead them to focus on regulatory compliance instead of recovery. By
recognizing the importance of managing liability to those stakeholders and
distinguishing it from the shared goals, the coalition can move forward and
members can pursue their unique goals at the same time.
In identifying the shared goals from among the many interests at the table, it is
important to make sure that people have a common understanding of key terms.
Perhaps the best example is "recovery." Here are a few meanings that some
organizations around Puget Sound equate with salmon recovery:
•
•
•

Removal from the list of threatened species
Sustainable levels of spawner escapement
Healthy, harvestable salmon populations
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These standards are clearly not the same. If different members of the same
coalition are using these different meanings, then the group might never reach
consensus on what must be done to achieve the goal.
If the members of a watershed group are just at the table to learn, then the
outcomes of the group will be limited to information sharing. If individuals are
not committed to the shared decision-making process, then they may or may not
support the collective recommendations when they return to their own
organization. The likelihood of achieving recovery goals in the watershed would
be higher than if there were no information sharing, but not by much.
Instead, if the participants agree up front to share in a collective decisionmaking process and to abide by its outcomes, they will have a greater stake in
the process and a greater commitment to following through on
recommendations. One of the tools being developed to formalize this
commitment is an inter-local agreement proposed for King County and all of the
cities in WRIA 8, which would bind the parties to certain minimum
commitments (including funding).
The cornerstone of the public outreach effort in the Snohomish River basin for
the first year was a series of basin-wide public meetings focused on endangered
species issues. After a successful kickoff meeting attended by over 80 citizens,
attendance rapidly dropped off. In some cases, despite mailing thousands of
flyers and placing ads in regional and local newspapers, there were more staff
members than private citizens at the meetings. Other watersheds had similar
experiences, and it became clear that these special meetings were not very
effective at engaging the public.
In the spirit of adaptive management, the emphasis was shifted to speaking at
gatherings of stakeholder groups and other organizations. Using a speaker's
bureau model, a small number of staff can partner with leaders of community
groups, civic organizations, and interest groups to give presentations at regularly
scheduled, well-attended meetings. These meetings are reaching more people
with less effort, and they are building a network that can be used time and time
again.
The watershed groups in the study area have between 20 and 36 member
organizations. Ten to 20 individuals generally attend the technical committee
meetings. Meetings of this size are good for sharing information, but they are
too large for working groups. To complete a major document, the technical
group in WRIA 7 found that individuals or groups of up to three people could
write sections, but that larger groups could not get writing done in a timely
manner. In WRIA 8, the technical work was broken up into sub-basins and
performed by groups of two to five people with a clearly designated lead. For
compiling information or developing strategies, group size can get as large as
six or eight and still be effective. Once the group gets larger than eight people,
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however, most of the time is spent discussing and debating questions and
tangible work products are rare.
In summary, watershed-based salmon recovery groups face many of the same
challenges faced by any other collaborative environmental planning effort:
pressure for early action while the information base is incomplete, demand for
extensive communications, and resistance to social change. Some groups are
finding success thanks to consensus decision-making frameworks with strong
leaders, early technical work based on science, and commitments to early
actions. Groups that are forming may save time and improve their results if they
can learn from the experiences of previous groups. They should identify and
stay focused on shared goals, get agreement on shared decision-making, engage
the public through established organizations, and limit the size of working
groups.
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ABSTRACT

STREAM RESTORATION AND STEELHEAD TROUT POPULATIONS
Elisa Gill, San Francisco Bay Regional Water Quality Control Board

Habitat conditions for many streams around the San Francisco Bay Area were
originally suite for steelhead (Oncorhynchus mykiss). Reservoir and flood
control projects have altered steelhead habitat. Stream restoration projects for
wildlife propagation are very popular, particularly with threatened or
endangered species, and easier to fund than in prior years but do they work?
This study will investigate several sites around the San Francisco Bay Area that
have performed restoration projects. This study will determine the types of
restoration activities performed. If these activities were successful or not. If the
activity was not successful, then why?

Elisa Gill
Student Intern
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WHAT GOES UP SEEMS TO BE COMING DOWN: ATMOSPHERIC
DEPOSITION TO PACIFIC COASTAL WATERS
Tamara Saltman, Ecological Society of America

A Call for Study
Atmospheric deposition of pollutants is recognized as a significant source of
pollutants in many coastal areas of the United States. Nitrogen is the primary
pollutant of concern on the east coast, although there is significant concern
about some of the toxic compounds as well. On the west coast, scientists and
managers are primarily concerned with a large range of toxic pollutants
including mercury, heavy metals such as copper and zinc, PCBs, dioxins and
furans, current-use pesticides and herbicides such as atrazine, diazanon, and
chlorpyrifos, banned pesticides such as DDT, polycyclic aromatic hydrocarbons
(PAHs) and a whole host of other volatile and semi-volatile compounds. While
our understanding of atmospheric deposition is growing rapidly in the Great
Lakes and eastern US, much less is known about the extent of atmospheric
deposition on the Pacific coast. In order to begin filling that gap, the Ecological
Society of America recently hosted a workshop in Los Angeles on atmospheric
deposition to the Pacific coast. The workshop brought together researchers and
managers to summarize our current understanding of atmospheric deposition on
the west coast and identify the highest priorities for research and management
action. The information in this paper comes from this workshop.
Overview of Current Understanding
Our understanding of atmospheric deposition on the Pacific coast is a sparse
patchwork of isolated research and monitoring projects. Different pollutants are
measured at different locations, often using different methodologies, and there is
still no unifying consensus on what the atmospheric load is, its importance to
coastal ecosystems, or the sources of contamination. Further, there is very little
data comparing what we do know about deposition to what we know about other
pollutant sources, transport of atmospheric pollutants through the environment,
and the role of atmospheric pollutants in coastal ecosystems. Many of the
relevant studies were summarized at the workshop.
One of the first studies attempting to look at the role of atmospheric deposition
to the Pacific coast was done about ten years ago in Washington State. The
Puget Sound Water Quality Action Team conducted an atmospheric deposition
study of metals and organics and found that atmospheric sources make up a
small portion of the total loadings. Therefore they have chosen not to address
those loadings until the larger sources have been reduced. However, the study
only addressed direct deposition and did not take indirect deposition to the
watershed into account.
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Two National Estuary Programs in California are beginning to identify the rate
of atmospheric loadings to San Francisco Bay and Santa Monica Bay.
Atmospheric deposition of mercury (both wet and dry) is being measured in San
Francisco Bay, as well as copper, nickel, cadmium, and chromium. The second
phase of the project will measure deposition rates of trace organics (PAHs,
PCBs, and dioxins). The Southern California Coastal Water Research Project
(SCCWRP) is cooperating with UCLA and the Santa Monica Bay Restoration
Project (the local National Estuary Program) on an atmospheric deposition study
to quantify the total atmospheric load to the Bay. SCCWRP estimates that 62%
of the zinc entering Santa Monica Bay is due to atmospheric deposition
(calculated using local air concentrations and deposition velocities). The project
includes wet and dry deposition measurements on land, modeled deposition
rates over the water, and analysis of the microlayer in an attempt to capture
air/water exchange rates and functional exposure of organisms who live, or
partly live, in the microlayer. The study will track how deposition rates change
over time and how they vary spatially within the bay watershed.
Organochlorines, mercury, and other volatile or semi-volatile pollutants in air
currents tend to move toward the poles, where they condense. Evidence of this
cold condensation effect include hexachlorobenzene (HCB) concentrations that
increase with increasing latitude and mercury in high latitude lake sediment
fluxes. These appear to be from regional sources and not (as first believed) due
to circumarctic transport. The effects of these pollutants in the northern latitudes
varies dramatically depending on the pollutant and the ecology of the ecosystem.
For example, research by Kidd et al. (1995) in Canada demonstrated that higher
concentrations of toxaphene in one lake was due to the longer food web in that
lake. It is unknown if any of these pollutants are reaching coastal ecosystems
and making their way into the pelagic or estuarine food chains.
While researching mercury contamination in fish and streams in Oregon,
Peterson et al. (2000) found there was no difference in the cumulative frequency
distribution in three areas of Oregon. This pattern suggests that mercury (from a
non-local source) could be depositing over the entire region.
Given that there is atmospheric deposition occurring on the west coast (and
given that it may be necessary to reduce it by some extent) the question
becomes: “Where is the pollution coming from?” Atmospheric deposition to
eastern Pacific coastal waters can come from three sources: local sources,
regional/supraregional sources (such as pesticides from California’s central
valley or Mexico), and long-range transport from Asia. Of these, perhaps
surprisingly, long-range transport is the one we have the most information
about.
Monitoring stations at Mauna Loa in Hawaii and the Checka Peak Observatory
on the Olympic Peninsula of Washington State regularly measure atmospheric
pollution transported from Asia in the form of dust and particulate matter. It
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takes six to ten days for these plumes to cross the ocean and reach the American
coast. The plumes do not occur regularly; they are the result of specific
meteorological conditions that entrain the pollutants in relatively high air
currents. Therefore, long-range transport of these particulates is not an on-going
phenomenon but a periodic occurrence. These events are more common in the
spring and fall, but have also been measured during the summer. Although these
air masses can be clearly seen in Hawaii and on the North American continent, it
is not known how and where they are deposited along the coast. Therefore,
while we know pollutants can travel quickly from China, Japan, and other Asian
countries, the effect of these pollutants on the eastern Pacific is unknown. We do
know the currents that carry these pollutants are relatively high in the
atmosphere—at about 3 km--so the deposition processes are different than those
for lower pollutants and most of the deposition probably occurs when the air
currents are intercepted by mountains.
Because long-range transport of pollutants occurs at high altitudes, higher
elevations are at a greater risk for direct deposition of these pollutants. However,
much of the rain and snow that hit these mountains run back down towards the
coast. Therefore, indirect deposition of pollutants to the coast, by way of highaltitude rain or snowfall, may be a significant source of coastal contamination. A
study of PCBs in the sediments and striped bass of San Francisco Bay found that
the South and Central Bay levels were higher than the North Bay (Pereira et al.
1994). The rivers that feed these portions of the Bay originate in the Sierras,
leading to a suspicion that snow pack in the Sierras could be a source. It is not
the only source; the rivers also pass through agricultural, urban, and industrial
areas before they reach the Bay. The targeted water quality monitoring
necessary to isolate the sources of the pollutants has not yet been done.
However, snowpacks throughout the west are known to contain high levels of
contamination, particularly in northern latitudes. Blais et al. (1998) measured
high concentrations of volatile compounds, including organochlorines, in
mountain lakes and glaciers in the Canadian Rockies. They identified drainage
from glacial ice as the primary source of contaminants for nearby Bow Lake.
Similar high concentrations have been found in the Sierras. It is clear the Sierra
snow pack is intercepting contaminants from somewhere, but it is unclear from
where. In addition, it is unclear how much of the pollutants collecting in the
Sierra snowpack are reaching lower altitudes or the coast because no data has
been reported documenting contamination in that runoff.
Our knowledge of long-range transport is more complete because there are
sophisticated atmospheric monitoring systems between the suspected sources
and the ecosystems of concern (in this case the eastern Pacific coast). Regional
or supraregional sources are often identified because they are the obvious source
of the pollutant in question. For example, if pesticides are assumed to come
primarily (although not exclusively) from agricultural sources, the nearest
agricultural areas that use those pesticides become suspected sources. Therefore
it is suspected that pesticides currently used in California’s Central Valley that
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are found in deposition samples on the California coast are being transported
from the Central Valley, and pesticides currently used in Mexico and banned in
the United States found in deposition samples on the California coast are
probably being transported from Mexico.
In contrast to long-range transport and regional sources, local sources are hard
to measure because they get “mixed in” with all the other sources, especially in
urban areas. In some cases, however, it is possible to identify local sources. For
example, a group of agencies and environmental organizations in San Francisco
identified copper in brake pads as a local source of copper to the Bay. The
brakepad dust, which contained significant amounts of copper, was being blown
and washed into the Bay via stormsewers after a rain. This case is also a good
example of cooperative partnership to reduce the amount of deposition by
working closely with automobile manufacturers in Detroit to reformulate the
brakepads. In San Diego, the agency responsible for water quality of the city’s
reservoirs is concerned that deposition from the large number of diesel trucks
that will soon be transporting goods back and forth from Mexico will pollute
the city’s drinking water. They have asked the U.S. Geological Survey to
analyze the effects of atmospheric deposition from this new traffic on several
reservoirs. In the event that there is a significant impact (contaminant levels
above those safe for drinking water), the city may have to spend significant
resources to treat the drinking water before it would be safe for use.
While certain areas of the west coast (e.g. Los Angeles, San Diego) have some
of the most sophisticated atmospheric monitoring and modeling systems in the
world, the models are generally designed for the biggest air quality problem:
ozone. They do not work particularly well for the toxic pollutants that make up
the bulk of the water quality problems such as heavy metals, diazanon, mercury,
or dioxins. This highlights one of the problems in dealing with atmospheric
deposition nationwide: there is little communication between the agencies
responsible for air quality and agencies responsible for water quality. This
situation is starting to change, especially in places where the National Estuary
Programs are raising atmospheric deposition as an issue to be addressed. For
example, in Santa Monica, agencies responsible for air and water quality are
beginning to work together on monitoring and analysis of atmospheric sources
of water quality problems. At a national level there is also increasing
cooperation between EPA’s air and water arms. However, much more
cooperation is needed before we can claim a comprehensive multimedia
approach to coastal protection.
No summary of the current understanding of atmospheric deposition would be
complete without an obligatory complaint that emissions inventories—the basic
data needed to drive most of the deposition models—are significantly
incomplete. This is especially true for toxic compounds that come from small or
area sources. In addition, international emissions are relatively well-known for
Canada but very poorly known for Mexico and Asia. In places such as San
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Diego, where transport from Mexico is probably significant, this leaves a large
gap in the ability to assess atmospheric deposition. Therefore one of the
recommendations from the workshop is to develop complete inventories for the
chemicals of concern and to work closely with other countries to quantify the
emissions of toxic pollutants.
While our current understanding of atmospheric deposition includes that it is
indeed occurring in western ecosystems and may be posing a threat to the coast,
it does not tell us much about the relative magnitude of those threats. Therefore,
the first step in any management strategy is to compare the magnitude of
atmospheric deposition loads to the magnitude of loads from other sources:
direct discharges, stormwater runoff, agricultural runoff, longshore transport
along the coast, and groundwater discharges. This analysis is beginning or has
already happened in a few locations. For example, it is basically the same
process the Puget Sound Action Team went through to decide atmospheric
deposition was not a high priority for their management strategy. More recently,
a draft total maximum daily load (TMDL) for mercury in San Francisco Bay
includes atmospheric deposition as a source in the wasteload allocation process.
This step of estimating relative magnitude of the loadings, regardless of whether
it is done formally in a TMDL or informally on the back of an envelope, should
be done all over the west coast before any management actions aimed at
reducing atmospheric sources begin.
In summary, we know the following about atmospheric deposition to the Pacific
coast:
• There is a patchwork of information from mostly isolated research and
monitoring projects.
• The pollutants of concern are primarily toxics (mercury, copper, zinc, and
other heavy metals, dixons, both current-use and banned pesticides, and
several volatile or semi-volatile organics), but nitrogen may be a problem is
some areas.
• It is clear atmospheric deposition is the primary source of contamination in
many high altitude areas and large amounts of contamination are found in
those areas. It is not clear where this pollution is coming from.
• There is no reported data showing how much atmospheric deposition, either
directly to the water body or indirectly to the watershed, arrives at the coast
or what affect it has on coastal ecosystems.
• In both coastal and high-altitude areas, deposition can come from one or
more of the following sources: local, regional, supra-regional, or long-range
transport (Asia).
• Rough calculations of the relative contribution of atmospheric sources to
coastal pollutant loads should be made before significant resources are
spent to monitor atmospheric deposition. In the absence of those estimates,
it is difficult to include atmospheric deposition in watershed restoration or
protection strategies.
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•

Enhanced coordination between air and water researcher and managers is
necessary to answer most of the questions raised about atmospheric
deposition and address any current or future atmospheric deposition
problems.

Identification of Needs
Workshop participants identified several research, monitoring, and management
priorities that, if completed, will allow managers to identify with some certainty
how atmospheric deposition affects the Pacific coast and point in the direction of
likely sources.
Research Priorities:
•

Develop cheaper and more accurate methods to measure deposition
(especially dry deposition).

•

Develop cause and effect linkages between atmospheric deposition and
ecological effects in areas where air deposition is likely to be the biggest
problem such the microlayer and intertidal zones. The exposure risk must
be analyzed for sensitive habitats and on sensitive life stages as well as the
general populations.

•

Understand the importance of the microlayer in determining the
distribution and accumulation of contaminants in coastal ecosystems.

•

Understand the effects of atmospheric deposition of nutrients to sensitive
areas. It is not clear that nitrogen is present in excessive amounts on the
west coast, i.e. there may be some areas where more nitrogen is needed and
some where less is needed. Therefore, when evaluating the effects of
atmospheric deposition on coastal ecosystem, distinctions must be made
between areas that are nitrogen limited and those that have excessive
amounts of nitrogen.

Monitoring Priorities:
•

Develop quantitative measurements of deposition loads with error bars.
This includes calculating correct deposition velocities and having good
spatial distribution to get a better understanding of spatial variability.

•

Develop a good case study where atmospheric deposition is a significant
source of pollution affecting a Pacific coastal ecosystem. Ideally, examples
for both freshwater and marine ecosystems would be found.
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Management Priorities:
•

Identify the relative significance of the atmospheric component compared
to other sources.

•

Identify how much of the atmospheric load comes from local sources,
regional/supraregional sources, and long-range transport. This can be
done simultaneously, to some extent, with source attribution (identifying the
type of source that is responsible for deposition).

•

Implement the TMDL process. We need to identify what information is
required to include atmospheric sources in TMDLs and straighten out the
authorities that can be used for implementation.

•

Prevent atmospheric deposition wherever possible. We need to build the
capacity and knowledge needed to do surveillance and proactive work into
the management process in all areas. For example, pesticide registration
laws need consider atmospheric pathways that lead to water quality
impairment.

•

Build a strong base of scientific knowledge in order to have the best
science possible to support management decisions.

•

Develop a comprehensive air emissions inventory, including local,
regional, and global sources; the location of sources; the size distribution of
particles; speciation of pollutants; and area sources, including volatilization
from sediments or water.

•

Build proactive cooperation between air agencies and water agencies and
the public.

•

Address international issues. This may include a compilation of
inventories from international sources and work to reduce use of pollutants
already banned in the United States)

A full report from the workshop was written by the Ecological Society of
America and reviewed by the workshop participants. This report, and reports
from other atmospheric deposition workshops sponsored by the Ecological
Society of America, are available from ESA after June 2000. They can be
obtained by calling (202) 833-8773, sending an e-mail to
esaheadquarters@esa.org, or by logging on to the ESA web page at
http://esa.sdsc.edu.
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ACTION THROUGH CONSENSUS:
THE NATIONAL ESTUARY PROGRAM KEYS TO PLANNING AND
IMPLEMENTATION
Debrah Richard Marriott, Director Lower Columbia River Estuary Program

The Lower Columbia River Estuary Program was accepted into the National
Estuary Program in 1995 after adequately demonstrating that the lower 146 river
miles were nationally significant and had been degraded by human activities.
The Columbia River travels over 1200 miles from its origin in British Columbia.
Its significance to the nation and the Pacific Northwest is far-reaching. Native
Americans have fished its waters for thousands of years. Fur-traders made their
way in the northwest in the last 18th century. Lewis and Clark’s expedition
opened the area as a migration route that continues today. The Columbia once
saw fish to thick you could catch them with nets; it now generates significant
hydropower, provides irrigation to the eastern deserts of Oregon and
Washington, and harbors deep water ships as far inland as 110 river miles.
Millions of people depend on the river for recreation, fishing, commerce and
transportation.
Six years of study supporting that nomination to the National Estuary Program
concluded that the river was in trouble. One hundred years of concentrated
human activity have inflicted damage. As mighty a river as it is, it is not
immune to pollution and the mounting pressure of sometimes competing uses.
Stormwater runoff, industrial discharges, fishing, development, irrigation,
hydropower generation, forestry, mining, transportation, water supply and two
million people have left their marks. Six years of study from 1989-1995
concluded that there were toxic contaminants in fish tissue and sediment, some
conventional pollutants were exceeding acceptable levels, habitat modification
and loss in the last one hundred years had been significant. Over 70% of the
wetlands in the lower river had been lost; fifty percent of that since 1948. Nine
salmonid species are listed as threatened or endangered.
The Lower Columbia River Estuary Program worked on the development of a
management plan for the lower river from 1996-1999. Success for a plan of this
scope required public involvement. A Management Committee of 31 members
was formed, representing the wide variety of interests in the estuary. Drawing
from public input and working through a consensus process the Management
Committee identified seven priority issues, and developed 43 actions addressing
these issues. The categories of actions are: habitat protection and restoration;
education and management; and toxic and conventional pollutants. The result
was a long-term comprehensive plan for managing the lower river. At each
point of public outreach more than 1600 people actively responded to various
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forms of participation. Their input guided the final content of the
Comprehensive Conservation and Management Plan.
The Management Plan was completed July 1999 and has been recognized by the
Governors of Oregon and Washington as a framework for estuary efforts. It was
accepted by the Environmental Protection Agency (U.S. EPA) and in October
20, 1999, the Lower Columbia River Management Plan Implementation
Agreement was signed by the Governors and the U.S. EPA, committing those
entities to furthering implementation of the plan.
The National Estuary Program
The National Estuary Program (NEP) is administered by the United States
Protection Agency. It makes available resources and technical assistance to
local communities to address degradation to national estuaries. Its charge is to
use stakeholder, public processes to identify problems, define set of actions, and
a framework for implementation.
Unlike traditional regulatory approaches to environmental protection, the NEP
targets a broad range of issues and engages local communities in the planning
process. The program focuses not just on improving water quality in an estuary,
but on maintaining the integrity of the whole system, its chemical, physical and
biological properties, as well as its economic, recreational and aesthetic values.
The NEP marks one of the first major shifts holistic watershed management.
The U.S. Environmental Protection Agency administers the National Estuary
Program and provides financial and technical assistance. U.S. EPA also
exchanges “lessons learned” among all the individual estuary programs.
Responsibility for estuary protection is delegated to the local community.
Program decisions and activities are carried out by a “Management
Conference,” a group of committees representing the various public and private
entities with interests in the estuary. The stakeholders work together to identify
problems, determine specific actions, and develop an implementation plan for
the actions.
The end product is a Comprehensive Conservation and
Management Plan (Management Plan) for protecting the estuary and its
resources.
Public Outreach and Involvement: Building Collaboration
The NEP was one of the first federal programs to employ community-based
environmental planing, in which local citizens shape environmental actions. It
calls for a collaborative process which has resulted in many estuary programs,
including Lower Columbia River Estuary Program, using consensus as the
choice decision making tool. The NEP provides a tested forum and structure to
address local problems; it demands results; and it empowers citizens to take
responsibility for their actions with assistance, not direction from, the federal
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government. The success of any NEP depends directly on its public
participation in developing (and then implementing) the Management Plan.
The Estuary Program Management Committees, themselves composed of local
citizens, take this charge seriously. From the beginning of the Lower Columbia
River Estuary Program, it instituted a variety of public outreach and
involvement processes integral to development of the Management Plan. The
goal of the public process was to develop a Management Plan that was directly
guided and shaped by the citizens of the study area, and to help citizens develop
a sense of responsibility for the protection and care of the lower Columbia River
and estuary. The Management Committee used two separate, but interrelated,
components to accomplish this goal: outreach and involvement. Outreach
focused on providing information to people about conditions, causes, and
solutions, as well as about the Estuary Program itself. Outreach is an essential
element for building ongoing stewardship for the river. Involvement engaged
people and solicited their ideas and comments to help direct program activities.
The Management Committee provided ongoing opportunities for citizens to
participate meaningfully in decision-making processes. The committee also
regularly returned to the public to discuss what was heard, report how public
comments helped shape decisions, and obtain input for the next step.
Public Involvement Considerations: A number of factors affected the types of
outreach and involvement (the collaborative process) that are most useful in a
specific Estuary Program study area. The Lower Columbia River Estuary
Program Management Committee took a number of considerations into account
in determining what approaches would work best: size of lower Columbia river
estuary program study area; multiple audiences and diverse cultures; distrust of
government; disengaged public; time constraints; environmental challenges; and
changing values. To assist in addressing these considerations, the Management
Committee recognized that there were several layers of involvement that could
incorporate different levels of interest, different time constraints and different
audiences. An important part of this multi-layered strategy was to identify the
various target audiences, along with their interests, concerns, and information
needs. These audiences have varying points of view and frames of reference
related to managing and protecting natural resources. Their voices would be
very important in creating a Management Plan that respects and reflects the
diversity of the study area. At the top of the “layers of involvement” was the
Management Committee with the smaller number of the public and the largest
investment of time in the planning. At the bottom was the general public, those
not on program mailings lists and not involved.
Different audiences need and respond to different outreach and involvement
tools and techniques. Based on the identified target audiences, the Management
Committee selected a variety of tools that could achieve specific outreach and
involvement objectives. For instance, flyers or displays at public places and
events, radio announcements, and newspaper ads were used to provide
information to the general public. If the target audience had a greater level of
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interest, information was more detailed, and more involvement resulted.
Constitutent focus group participants, for example, developed a history with the
program and became vested in the steps and outcome. They were therefore
given more complex materials and invited back at regular intevals. A
comparative risk process provided a specific tool that enabled the Esutary
Program to incorporate the public’s values and perceptions concerning the
relative risk of the problems.
Planning: Building Actions
The public outreach and involvement strategy enabled the Management
Committee to seek continual guidance from the public as it developed the
Management Plan. The committee’s goal was to consider the broadest possible
range of perspectives, while at the same time using a sound and reasoned basis
for decision-making. The committee defined a methodology by which it could
move from a general overview of options to a defined set of actions. Each step
built upon the results of previous steps, progressively sharpening the focus.
Reviewing the Issues and Thinking about Actions: Public Input. The
Management Committee began its public involvement efforts in March 1997 by
conducting a random sample survey of residents in the study area. The primary
purpose of the survey was to establish citizen opinion data on the lower
Columbia River and its environs. The intent was to determine the level of
“connection” residents of the study area had to the river. The top three threats
reported by the respondents were shoreline development, industrial pollution,
and pollution in general.
The Management Committee also held a series of eight public meetings
throughout the study area in March 1997. The purpose of the meetings was to
present the seven priority issues the committee had developed, discuss the
preliminary goals and objectives for each issue, and ask what possible actions
could be taken to address the issues.
Identifying Preliminary Actions: “From Issues to Action.” Management
Committee members, their alternates, and work group members met with
scientific and technical experts in biology, ecology, land use planning,
economics, and other disciplines in May 1997. This day-long “From Issues to
Action” charette (interactive meeting) explored possible actions, based on the
participants’ technical expertise and the input from the March 1997 public
meetings. About 100 people participated.
Defining and Ranking Problems: Comparative Risk Ranking. Management
Committee members recognized the need to narrow the list of potential actions
to a more workable size. To provide a more formal assessment of the problems,
the Management Committee implemented a comparative risk ranking. The
comparative risk ranking allowed the Management Committee to explore how
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citizens and technical experts perceive the state of the river, understand what is
important to them, and compare their viewpoints. Three separate rankings were
done during October and November 1997: public ranking; constituent focus
group ranking; and technical ranking. Using the seven priority issues as the
basis, the Management Committee identified twenty-one problems. Participants
were asked to rank these problems according to their perceived risk to public
health, ecological health, and quality of life.
Refining Actions: Focus Groups. The Management Committee conducted
seventeen constituent focus groups in April and May 1998, with participants
drawn largely from the previous focus groups held for the comparative risk
ranking. The participants were asked to consider the list of 125 actions
developed to date, as well as the results of the comparative risk ranking. They
provided valuable input needed to refine the actions and sharpen the focus to
meet specific needs.
Selecting Actions and Defining Implementation: Management Committee.
Using the results of the technical and public input, the Management Committee
used a three-step process to determine which actions to include in the
Management Plan and how they will be implemented. Step 1: Determining
“Smart” Actions. The Management Committee screened the list of 125 actions
to determine which actions are SMART: Specific, Measurable, Achievable,
Responsive, and Trackable. This included a review of the Bi-State Program’s
technical findings and recommendations. Step 2: Refining The List Of Actions.
Those actions determined to be SMART were screened further, using the criteria
that included impact of action, technical basis, feasibility and risk. As a result of
steps 1 and 2, the list of actions was refined from 125 to 92. Step 3: Developing
An Implementation Plan For Each Action. The Management Committee’s last
step was to develop an implementation plan to specify who will implement each
action, how much it will cost, and how it will be funded. The step 3 process
reduced the number of actions to 43.
Reviewing the Draft Management Plan: Input from Government Agencies. The
Estuary Program hosted a session with local, regional, state, federal and tribal
agency leaders prior to release of the draft to general public. These discussions
were extremely helpful to the Estuary Program in determining a focus for the
Estuary Program that would add value to existing efforts and help coordinate
efforts. The Management Committee incorporated numerous comments into the
draft Management Plan, significantly improving its quality before its formal
release.
Public and Constituent Input. The draft Management Plan was formally released
to the public on January 29, 1999. Four traditional open public meetings were
held throughout the study area. The Management Committee also solicited
comment by returning to their constituent groups for another round of meetings.
The constituent groups included state agencies, recreational and environmental
345

interests, watershed coordinators, and local governments. In all, 156 people
attended the eighteen constituent meetings. Four research/focus groups were
also held in each city hosting a public meeting. Each focus group was a
statistical representation of the population in that area. Thirty-nine people
participated in these meetings, which followed a similar format to the public
meetings. The Estuary Program also ran a two-page newspaper advertisement in
fourteen study-area newspapers that reached approximately 550,000 households.
The ad discussed the draft Management Plan, specified where to find the plan,
provided the public meeting schedule, and included a questionnaire concerning a
number of proposed actions. Over 1,300 people returned the questionnaire;
nearly half included handwritten comments.
The Management Plan was completed on time and accepted by Governors
within one month of their receipt: their agencies had been at the table as
participants in the consensus process and the public participated. The two
Governors and U.S. EPA signed an Implementation Agreement committing
those entities to implement the plan.
Consensus: Building Commitment
Consensus involves four elements: fairness, listening, hard work, and
agreement. The agreement usually is defined as "something all parties can live
with," but it can be defined more strongly if the group wishes (e.g., "something
all parties can support"). In some uses, consensus can come in several forms:
A. Willing to accept the plan or concept. A+ would mean full support
with enthusiasm!
B. Admitting that the plan or idea is a fair solution, but not one you’re
excited about.
C. Not fully agreeing with the plan and feeling a need to explain why it is
not acceptable, but not willing to try to block the idea.
D. Expressing concern that the group is not able to agree on the plan and
wanting to do more work on the concept before reaching consensus.
E. Disagreeing with the idea and feeling strongly enough about it to try to
exercise all your influence to try to stop the plan.
Fairness means that the procedural rules are well understood, evenly applied,
and unbiased. The best way to ensure these conditions for a group is to use
consensus; that's also an excellent way for a group to start to click as a team.
When working out groundrules, the saying "go slow to go fast" carries a lot of
wisdom. Those hours and hours a group spends laboring over the groundrules
will pay off and in fact may save the group from returning too frequently to the
“storming” stage when it comes time to deal with whatever divisive issue looms
ahead.
Listening means sincerely dedicating oneself to the task of understanding
another's information and point of view. It also means letting the other person
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know what one has heard. If you want to help build your group's capacity to
build consensus, the strongest contribution you can make is to model the
listening skills whenever possible: absorb information, understand point of view,
reflect back your internal work. Eventually, when people who spend their
careers on different sides of an issue listen to one another, are surprised by new
information and perspectives, and candidly acknowledge their surprise, then you
know the consensus process is doing its magic. Listening is the key to what
makes consensus powerful.
Consensus requires much more hard work than compromise. Compromise
implies giving up as little as you can of your (perfected) position, in order to
gain or maintain as much advantage as possible. The commitment to listening-to the possibility of learning more--is also a commitment to be willing to let go
of one's old position (recognizing it was based on insufficient data or simply not
as a good solution) in favor of a position that is actually better for one's
underlying interests, and often for the group's interests as a whole.
As a group works through consensus, they start to behave like a team. The team
will look for opportunities, they get beyond the “position” to the underlying
issues. Wherever possible, the team looks to increase the capacity of the project
so that they can satisfy the team's overall interests. They will recognize that
their varying points of view offer strength and challenge, rather than an
invitation to mediocrity. And they will come to an agreement that is stronger,
more sound, and more durable than anything they had dreamed possible.
An individual group undoubtedly will want to wordsmith their own definition of
consensus. The definition must contain the four elements. The following is a
formulation that many groups have found useful as a starting point:
Consensus is a fair process in which parties speak candidly and listen sincerely
to one another in order to work out an agreement that is acceptable to all.
Observations
The issue, however, is not simply a good plan, but a good plan that get
implemented. Can the consensus process affect the ability to implement a plan?
The ongoing challenge is to maintain that level of consensus and collaboration
during implementation. Planning is difficult; making decisions about what
needs to be done, especially when those decisions might adversely affect some
parties, is arduous. Certainly, the Lower Columbia River Estuary Program
Management Committee struggled with each other and the issues many times.
But, saying what to do is very different than doing it.
The Lower Columbia River Estuary Program Management Plan upon its
completion was immediately and robustly adopted by National Marine Fisheries
Service as it released a Biological Opinion for a proposed project that would
deepen the Columbia River shipping channel by three feet. NMFS included in
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its finding a set of conditions taken directly from the actions in the Management
Plan and it required an accelerated goal for their completion. In rendering this
opinion, NMFS stated that the Estuary Program Plan was the only multi-state
plan that comprehensively and definitively identified what the estuary needed
for species recovery. This use of the Management Plan in this way was a great
starting place, which surely denoted prompter acceptance than even the Estuary
Program imagined.
The existence of the Lower Columbia River Estuary Program and success with
the completing the plan have already heightened awareness of the estuary in
some important ways, most notably by bringing the more parties on board. It is
the forum for estuary-related issues and is acquiring momentum.
As the Implementation Committee members met in their first meeting after the
Management Plan was accepted, every member around the table said they joined
the committee to get the plan on the ground. They were ready to go.
As the plan is explained to other groups, they applaud its focus on coordination,
building capacity and on-the-ground actions.
When parties involved at various times in the planning process, now see the
plan, they identify specific language that they suggested; they see changes made
based on their comments. They stand, ready to help implement it.
The components of consensus and the public participation process used is what
permitted all this to happen. It rendered a plan that immediately upon
completion, parties were committed to implementing. Gone is the debate over
the plan itself; now the debate is focused on how to coordinate hundreds of
players and get the resources to get the actions on-the-ground. The multiple
discussions with constituents, the composition of the Management Committee,
and the listening aspect of consensus made it happen. Every action that
impacted a specific party was developed and refined and refined again with that
party in the discussion.
The NEP requires the Management Plan to identify specific actions that will be
ready to implement. The collaborative process moves issues forward. These are
often the same issues that have been argued over in adversarial settings for
years. The process also helps build a team that shares common goals. The
cooperation and shared vision that are developed become critical during the hard
process of defining final actions toward the end of the program. They are also
an essential element for successfully implementing the Management Plan.
The greatest challenge to collaborative processes is to devise creative methods
for citizens to become involved. It is relatively easy to conduct outreach
activities that do not require active involvement. Outreach is very important for
increasing awareness, gaining support, and building ongoing stewardship. The
goal of the Estuary Program, however, is to have citizens contribute to the actual
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development of the Management Plan and help guide its implementation. New
approaches were needed to obtain public opinions and ideas about what is
wrong, what problems should be addressed, and how these problems should be
resolved. The Estuary Program’s multi-layered public involvement strategy
recognized different segments of the community who participate in different
ways at different levels, and identified the need to use a variety of tools. It was
important to go beyond traditional public involvement methods, especially
public forums and meetings. Over the past 20 years, public meetings have
become almost mandatory in every government effort. Yet, they are often
poorly attended (unless dealing with a highly controversial subject); participants
are “self-selected” (i.e., only those with a strong interest or point of view
attend); and they are held to obtain comment on a plan or proposal. Active
listening and learning among people of divergent opinions rarely occurs at such
meetings. As the program moves into implementation, additional new
techniques will need to be developed.
The National Estuary Program and its management plans are the result of
collaborative processes, and will require ongoing cooperation to succeed in
implementation. They call for us to come together, transcend individual
differences, and think and work as a community to shape what is best for us, the
seventh generation of our children’s children, and the resources we strive to
protect.

Debrah Richard Marriott
Lower Columbia River Estuary Program
811 SW Naito Parkway, Suite 120
Portland, Oregon 97204 USA
Phone: (503) 226-1565
Fax: (503) 226-1580
Email: marriott.debrah@lcrep.org
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ABSTRACT

COASTAL ZONE POPULATIONS
Jill C. Huntington, Florida Coastal Management Program

The Consortium for Oceanographic Research and Education (CORE) is a
Washington DC based organization committed to ensuring federal funds for
oceanic research activities and is active in coordinating research initiatives
among federal agencies, academic institutions and international entities. CORE
also works to bring the attention of the federal government to priority coastal
and ocean issues. As part of this task, CORE endeavored to estimate global
coastal zone populations to offer proof of the need for governmental concern
regarding coastal issues. CORE’s marine policy intern investigated reliable
statistics to provide an estimate on the number of individuals presently living in
the world’s coastal zone, as well as coastal population predictions for the
coming decades. This investigation first chose to define the coastal zone, an
interface between land and sea, in terms of its percentage of the earth’s overall
habitable surface, with respect to distances measured inland from shorelines.
Coastal population figures then varied with each data source, based on their
definition of coastal zone. However, in all cases, a large portion of the global
population was shown to reside on a disproportionately small portion of the
earth, and coastal population projections all showed significant increases for the
future. CORE believes the primary concern of governments, related to coastal
populations, should be the impacts of human populations on coastal resources
and will present the results of this study to coastal decision makers to encourage
an immediate and necessary shift by local, national and international
governments to protect and restore the world’s coastlines.

Jill C. Huntington
Operations and Management Consultant I
Florida Coastal Management Program
2555 Shumard Oak Blvd.
Tallahassee, FL 32399
telephone: 850-921-4498
fax: 850-487-2899
email: jill.huntington@dca.state.fl.us
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RECREATIONAL URBANIZATION AND SHORELINE MODIFICATION
ALONG THE NORTH COAST OF YUCATÁN, MEXICO
Klaus J. Meyer-Arendt, University of West Florida
Introduction
The north coast of Yucatán has been a beach destination for domestic tourists
from Mérida, the state capital, since the 1880s. As a 20-km stretch of coast
evolved into a contiguous urban zone of beachfront summer homes during the
1950s and 1960s, shoreline erosion became an increasing problem, especially
west of Progreso where extensive port and harbor construction had taken place.
Property owners responded by constructing groins, which accelerated the
problem of downdrift erosion and, in turn, stimulated ever more groin
construction. By late 1980s, the shoreline west of Progreso became very
degraded as a result of human-induced erosion and futile efforts at combating it.
During the 1990s the locus of groin-building shifted to the east where the coast
historically had been fairly pristine. Most of the groin construction was (and is)
attributed to misguided efforts by second-home owners to stabilize a shoreline
that naturally fluctuates in position.
This research is presented as a case study in recreational urbanization and
physical impacts along the north coast of Yucatán. By analysis of a study area
east of Progreso, it is demonstrated that recreational urbanization stimulated by
domestic tourism has become as much of a contributing factor in shoreline
modification as port and harbor improvements were in the past. The beaches that
attracted domestic tourists are now in danger of being destroyed by them, and
regulatory agencies have so far had little impact in slowing the process.
The Physical Setting
The north Yucatán coast consists of a beach-ridge plain accreted onto the
limestone platform of the Yucatán peninsula where it dips gently northward into
the Gulf of Mexico (Meyer-Arendt 1993). This ‘barrier’ is separated from the
rocky mainland by a lagoon system generally referred to as la ciénaga
(lagoon/wetlands), but known as the Estero Yucalpetén near Progreso. Active
dunes up to 3 m high occur in unmodified zones of the beachfront. The shoreline
is smooth and straight, except where interrupted by small Pleistocene limestone
outliers, some of which function as natural breakwaters and locally reduce wave
energy (Sapper 1945; Edwards 1954).
Wave energy is relatively low along the north coast of Yucatán, except during
storm events. Because of its orientation, the north coast is exposed to onslaught
by wintertime nortes (northers) more than by hurricanes. On the average, 20-25
nortes reach Yucatán annually (Vivó 1964; Mosiño and García 1974), and the
strongest cause erosion and lagoonal flooding. Hurricanes pass over or near the
Yucatán peninsula usually once a year (Wilson 1980), but only rarely are they of
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the magnitude of Hurricane Gilbert of 1988 (Meyer-Arendt 1991a; 1991b).
Sometimes hurricanes in the northern Gulf of Mexico raise water levels and initiate a reversal of longshore currents. This reversal, driven by the rare west wind
called chikin-ik by the Maya, may cause erosion along localized reaches that
normally lie in sheltered lee locations (Meyer-Arendt 1993).
Analysis of aerial photography revealed variability in shoreline changes along
the north coast of Yucatán since the 1940s. Although the scale of the
photographs precluded accurate measurement, the high rates of change were
measured west of Progreso. Immediately west of Progreso wharf, rates of 0.3 to
0.6 m/yr were measured for the 1948-1978 period, and downdrift of the jettied
Yucalpetén harbor entrance rates approached 1.0 m/ yr (Meyer-Arendt 1987b).
By contrast, the coastal zone east of Chicxulub Puerto remained relatively stable
until the 1990s. But in spite of this apparent stability, phases of accretion
alternated with phases of erosion were evident in intermediate sets of photos.
Shoreline Modification
Modification of the north Yucatán coast via construction of shoreline structures
dates back to the initial platting of Progreso as a port city (Meyer-Arendt 1993).
Ever since the first wharves were constructed in Progreso in the late nineteenth
century, the western (downdrift) zone has experienced the highest local rates of
erosion. Although Dutch engineers designed a new (in 1947) 2-km-long wharf to
allow throughflow of water and sediments (Campos 1990), high rates of downdrift
erosion were soon noted. As a consequence, the earliest beachfront touristic
development was to the east, along what became the Progreso malecón
(promenade) and eastward to Chicxulub Puerto.
Groins became widespread along the north coast in the 1960s, perhaps because
they were perceived as an effective means of trapping longshore sands and
combating erosion. The first rock-and-timber groins (espigones), locally known
as ‘spurs’ (espolones), were constructed at Chelem and Chicxulub Puerto in the
late 1950s (Sánchez and Vera 1963). Because of poor design, however, the
espolones were not very effective and accelerated downdrift erosion. In 1964,
government engineers designed and installed a groin field along the Progreso
malecón to maintain a wide beach for day-use recreationists (Meyer-Arendt
1987a). Because of the success of this engineered groin field, groin construction
became ever more popular among Yucatecan summer-home owners.
In 1968, a safe harbor (puerto de abrigo) for the Progreso fishing fleet, a naval
station, and industrial development was created and the port of Yucalpetén
established. A navigation channel was excavated through the beach-ridge plain,
and jetties (escolleras) built to keep the channel open. Downdrift of the jetties,
the shoreline began to retreat rapidly--as much as 30 m in the first few years, and
widespread construction of espolones began.
Unlike the Progreso groins, the ones extending westward from Yucalpetén were
neither authorized nor professionally engineered. Although construction permits
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were legally required from the Secretaría de Desarrollo Urbano y Ecología
(SEDUE), the federal regulatory agency, property owners built groins on a
piecemeal basis without obtaining permits (knowing fully well that SEDUA had
no enforcement powers). The village council (commisario ejidal) of Chelem did
not object to the shoreline armoring, nor did any regional, state, or federal
authorities, even though the groins were within the 20-m-wide beach easement
known as the Zona Federal Marítimo Terrestre, or Federal Coastal Zone (Merino
1987). Continued groin construction gradually shifted the locus of erosion
westward, and, in response, the corollary leading edge of espolón construction.
By the mid-1980s, the cause-and-effect relationship between groins and erosion
was recognized, and Chuburná Puerto (the community west of Chelem) officials
removed several espolones and began to enforce the existing local ban on
unauthorized.
Whereas the groins west of Yucalpetén were built in response to erosion created
by port improvements, east of Progreso the causal relationships were not so
clear. In Chicxulub Puerto, a short wharf (now derelict and partially removed)
may have contributed to shoreline erosion and corollary groin construction in
the late 1950s and early 1960s. East of Chicxulub Puerto, however, there was no
port or industrial construction nor were there any groins until the area began to
fill in with vacation homes and condominiums. The first groin was built in the
early 1990s, and by late 1999 a 5-km-long stretch had become armored with
approximately 100 espolones, causing the coastal landscape to resemble the
erosional, debris-strewn beachfront of Chelem.
The Recreational Urban Frontier: A Case Study in Coastal Impacts
The coast east of Chicxulub Puerto has remained relatively pristine until recently.
By the late 1990s, however, the landscape had evolved into a Chelem-style
landscape of groins and seawalls, and the “recreational frontier” of vacationhome development had shifted eastward toward Uaymitún. The 5-km-long
coastal reach immediately east of Chicxulub Puerto provides an excellent case
study to better understand the processes of recreational urbanization and
corollary shoreline modification within the entire recreationally developed north
coast of Yucatán.
In the 1940s, development was just beginning to extend the village of Chicxulub
Puerto eastward along the shorefront, but except for a few coconut plantations,
the scrubby beach-ridge plain was empty. In the nearshore at the Cocal San
Miguel lay a cluster of Pleistocene-age limestone rocks which sheltered a sandy
headland along an otherwise smooth and straight beach and perhaps influenced
the original establishment of a plantation at this site.
In terms of historic shoreline changes, alternating phases of shoreline erosion
and accretion were documented for this reach of the coast. Existing aerial
photography revealed that the shoreline position has been highly variable since
1948, especially immediately west of the San Miguel headland. Whether this is
attributed to “pulses” of longshore-driven sediments or the onshore-offshore
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transport of beach sediments is not clearly understood. The latter is a frequent
natural process that varies seasonally as a function of the amount and intensity
of storms and barometric pressure and corollary sea levels, which are enhanced
periodically by tropical cyclonic activity. Also not clearly understood is the
sediment-storage function of the headlands. Some years the San Miguel
beaches appeared to be wider, while at the same time the downdrift beaches
appeared narrower. Although the resolution of the photographs precluded
making definitive conclusions about underlying processes, the alternating
phases of erosion and accretion appear to be typical in this area.
As recreational development took place in the 1960s, 1970s, and 1980s, the actual
siting of the beachfront vacation homes played a great role in the perception of
erosion and subsequent attitudes toward groin construction. A greater distance
from the shoreline and further behind the foredunes ensured lowered risk from
wave erosion threatening the foundations of homes. Many local summer homes
were built inland of the second line of dunes, and to date they have not been
threatened by erosion. However, many vacation homes were built on or just
behind the primary dune, as in the Diana Milán subdivision.
The mid-to-late 1980s was a period of much storm activity in the Gulf of Mexico,
and the combination of shoreline erosion and hurricanes was followed by groin
construction in those areas where threats to house foundations were perceived.
The 1985 hurricane season initiated a phase of erosion in the Chicxulub
Puerto/San Miguel area, although Hurricane Gilbert, which in 1988 destroyed
almost every beachfront structure along Yucatán’s north coast, surprisingly left
a wider beach along most of the coast (Meyer-Arendt 1991b; 1993). Within a few
years, however, the shoreline again began to encroach. Based partly upon
advice requested by and provided to summer-home owners by port employees
moonlighting as erosion consultants (even calling themselves ‘engineers’), the
first groins east of Chicxulub Puerto were built in the early 1990s. Some
homeowners attributed the increased erosion in this area upon the 5-km-long
rubble-mound Progreso wharf extension, although no data to support such a
claim exist.
An inventory of groins conducted in 1994 revealed 1) intensive new groin
development west of the Chicxulub Puerto wharf, 2) a scattering of groins
between Chicxulub Puerto and Diana Milán, and 3) a recently completed groin
field at the Diana Milán subdivision. There, an indentation in the shoreline had
left homes perching precariously just above the surf zone in 1994, and
homeowners had turned to groins as a “last resort” to save their property. Some
claimed that an updrift homeowner had earlier constructed a 50-m-long groin to
extend the beach in front of his home, and this had caused the erosion at Diana
Milán, although no data to support such a claim were found.
By late 1994, there were 12 groins at Diana Milán, and their ineffectiveness was
evident. The three updrift groins exhibited partial success in trapping sand, but
along the other nine, erosion had increased and waves were lapping at the
houses’ foundations. Homeowners near the western end of the subdivision
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soon felt the pressure to construct their own groins, if only in the anticipation of
trapping sand and protecting their homes and salvaging their beach. A few
resisted the pressure to build, but most gradually accepted groins as necessary
evils. Again, private homeowners did not petition for permission from the
SEDUE) but rather contracted with unofficial “coastal engineers” to design and
construct their groins. By 1995, more groins had been built west of Diana Milán-a trend of downdrift groin construction very reminiscent of the pattern at
Yucalpetén and Chelem in the 1970s.
By Fall 1999, groin construction had been extended from Diana Milán to the
Chicxulub Puerto wharf. During a beach survey in August, approximately 100
groins were counted, 80 percent of them constructed since 1994. Although the
shoreline position did not appear to have changed significantly since 1994, local
homeowners described short-term phases of erosion and accretion in interviews
with the author.
Although the natural phases of shoreline erosion apparently accelerated the
construction of groins, there was little evidence that the groins stimulated much
beach accretion. One exception was at Diana Milán, where most of the groin field
was now completely covered by a nice wide beach. This may have been the
result of a natural “pulse” of sand moving in from the east. More typically, most
of the coastal landscape had become very “scalloped” and degraded because of
the many groins.
Not only were both flanks of Progreso beginning to resemble each other in late
1999, but the pattern of shoreline armoring was beginning to diffuse eastward as
well. At Tropical Riviera, a subdivision east of San Miguel containing vacation
homes and condominiums, 15 groins were built in late 1998 and early 1999. The
impact of this recent development upon the San Miguel headland and the
downdrift beachfront of Diana Milán is yet to be determined, but if other
modified coastal reaches offer any clues, the prognosis is not good.
Conclusions
Along the north coast of Yucatán, both older urban development and newer
recreational development must share blame for encroaching too closely upon the
primary dunes and shorefront to allow natural fluctuations in shoreline position.
Where the shorefront historically has been altered by port and harbor
improvements, downdrift erosion has been accompanied by groin construction
that has only accelerated the problem of beach erosion. The Yucalpetén and
Chelem shorefronts still exhibit a post-Hurricane Gilbert landscape of concrete
rubble instead of a sand beach. The ineffective groins only add to the surreal
and depressing coastal landscape.
East of Chicxulub Puerto recreational urbanization alone is responsible for the
recent degradation of the beaches. Poor siting of vacation houses, an inability
(or unwillingness) to adapt to a dynamic shoreline, and a propensity to turn to
groin construction are all to blame for the aesthetic deterioration of the
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beachfront. Historic photos have shown that the north Yucatán shoreline is
fairly stable and that phases of erosion and accretion are normal. The
construction of over 100 groins since 1990 has not improved the coastal
environment but rather accelerated the degradation of this coast similar to
coastal reaches to the west. Although construction of groins without permits is
illegal in Yucatán, summer-home owners represent the political and professional
elite of the state, and it is unlikely that groins will be banished.
Seasonal local tourism is responsible for the spreading of ineffectual erosioncontrol techniques into pristine coastal landscapes, and it is apparent that certain
minimal coastal-zone management techniques--such as zoning and construction
setbacks--need to be implemented to prevent the entire north coast of Yucatán
from resembling Chelem. International tourism has recently begun in Yucatán (in
the form of an all-inclusive resort near Telchac Puerto, to the east of this study
area), and local civic boosters would like to attract cruise-ships and more
Cancún-style development. But if poor planning and shoreline armoring
continue to diffuse eastward, the shift from domestic to international tourism will
be shortlived. Unfortunately, with the exception of the establishment of wildlife
preserves (especially in the pink flamingo nesting sites), there is no
comprehensive management plan to guide touristic development and beach
preservation. Coastal management should be the responsibility of the State of
Yucatán, which stands to benefit from properly designed development of its
coastal resources. And while it may be too late to improve the aesthetic
appearance of the 20-km coastal stretch centered upon Progreso, it is within this
zone that coastal managers need to look to understand the processes of beach
degradation associated with urbanization, port improvements, hurricanes, and
tourism development. Hopefully, lessons learned can be applied to the remainder
of Yucatán’s beautiful beaches.
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ABSTRACT

HUMAN ACTIVITY IMPACT ON THE COASTAL EVOLUTION IN
THE CHANGJIANG DELTA
Huanting Shen, Jiufa Li and Jiazue Wu, State Key Lab of Estuarine and Coastal
Research, East China Normal University

With the development of society and economy, the impacts of human activity on
estuarine regions are becoming intenser than ever before. The Changjiang
(Tangtze River) delta is one of the most well-known ones, which is developed at
the middle of the arc coastline of Chinese mainland, and where the largest
metropolis of Shanghai in China is located. What's more, it holds rich natural
resources, developed communication and dense population. Especially in the
past ten-year reform and opening to the world, economic development has
rapidly increased, and human activities have obviously controlled the evolution
of the Changjiang delta. Based on the rich data sets, this paper will focus on (1)
the historical evolution processes of the coast in the Changjiang delta (2) the
influence of reclamation on the coastal evolution of Changjiang delta (3) the
effects of huge projects such as the Tree-gorge Project and the South-to-North
Transfer Project on the coastal evolution; and (4) the countermeasures to control
the evolution of the delta.
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REDUCING VULNERABILITY TO GREAT SUBDUCTION ZONE
EARTHQUAKES: EXAMPLE FROM THE CASCADIA SUBDUCTION
ZONE, OREGON, USA
George R. Priest, Yumei Wang, Zhenming Wang, Ian Madin, Lou Clark, and
James Roddey, Oregon Department of Geology and Mineral Industries
Abstract
The Pacific Northwest coast of the United States is vulnerable to magnitude 9
earthquakes on the offshore Cascadia subduction zone fault system. Strong
shaking lasting for minutes and catastrophic flooding from tsunamis will
someday devastate the coastline from British Columbia to northern California.
Associated tectonic subsidence will locally raise sea level by up to 2 meters.
Resultant high tide flooding and accelerated coastal erosion will persist for
decades. Most loss of life will be from tsunamis which could kill thousands of
people in low lying coastal areas. Loss of life can be most effectively reduced
by educating the coastal public and visitors to get immediately to high ground
after experiencing a strong earthquake. Loss of property will be from coastal
erosion, long term tidal flooding, and earthquake damage. Losses in Oregon
from earthquake damage and tsunami flooding will exceed 12 billion dollars and
5000 lives. Recent Oregon building code changes will help to decrease
earthquake damage as will bridge retrofit programs of Oregon Department of
Transportation. In Oregon, risk assessment and hazard maps of the Oregon
Department of Geology and Mineral Industries is helping decision makers to
plan for this catastrophic event.
Introduction
The Cascadia subduction zone is a major active fault system that is caused by
collision of the North American tectonic plate with oceanic plates (Figure 1).
The Pacific Northwest coast is vulnerable to great (M 8-9) earthquakes on this
1000-km-long fault system (Atwater and others, 1995, Nelson and others, 1995;
Clague, 1997). The last earthquake occurred about 300 years ago (Nelson and
others, 1995) and others have occurred at 1000- to 200-year intervals (see
Clague, 1997 for review). Such earthquakes can generate tsunamis that will be
hazardous to populated areas of the Pacific Northwest coast (Whitmore 1993;
1994; Priest, 1995; Priest, 1997; Myers and others, 1999). This paper examines
actions that the Oregon Department of Geology and Mineral Industries
(DOGAMI) and other agencies have taken to reduce life and property losses.
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Figure 1. Plate tectonic map showing the Cascadia subduction zone fault
system.
Cascadia Earthquake Scenario
Judging from historic magnitude 9+ subduction zone earthquakes (e.g. 1964
Alaska and 1960 Chile), the Pacific Northwest will experience 3 or more
minutes of strong shaking with much of the seismic energy in the longer period
seismic waves. These longer period waves tend to cause more damage to large
structures like tall buildings and bridges than to smaller structures like single
family houses. The long duration of shaking and high shaking levels will lead to
severe liquefaction of water-saturated sand and silt. Liquefied silt and sand will
flow downhill on even low slopes, tearing apart roads, buildings, and utility
lines. Landslides will occur on steep bluffs and submarine channels, causing
similar destruction (Figures 2). Even layers of sand or silt within bedrock can
liquefy, causing slope failure; this may have contributed to the Turnagain
Heights landslide at Anchorage in 1964 (Figure 3).
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Figure 2. Submarine landslide cuts the Seward rail road in the Alaska, 1964
subduction zone earthquake.

Figure 3. Block slide displaces houses at the Turnagain Heights subdivision in
Anchorage during the 1964 earthquake. Liquefied layers within this sea cliff
may have contributed to the extensive landslide.
Like subduction zone earthquakes in Chile and Alaska, Cascadia earthquakes
have caused coastal subsidence of up to two meters with uplift offshore
(Peterson and others, 1997; Priest, 1995; 1997; Myers and others, 1999). The
offshore deformation, mainly uplift, causes tsunamis, while onshore subsidence
causes high tide flooding and accelerated erosion. These conditions can persist
for decades after the earthquake. Paleoseismic studies of the Cascadia margin
(Peterson and others, 1997) and computer simulations (Priest, 1995; 1997;
Myers and others, 1999) indicate that all of the coast will be hit by large (6-12
m) tsunamis, but some areas have much more coseismic subsidence than others.
For example, subsidence of a meter or more will probably affect the
northernmost Oregon and southern Washington coasts, whereas the central
Oregon coast (Newport to Reedsport) will probably have 0.5 m or less
subsidence (Peterson and others, 1997; Priest, 1995; 1997; Myers and others,
1999). Coseismic subsidence will therefore change the present pattern of coastal
erosion which is characterized by severe erosion on the central Oregon coast but
only modest coastal retreat to the north. Instead, coastal erosion will be severe
for much of the Oregon and Washington coast after this event. For example,
Cascadia margin beaches generally have slopes of about 1.7-5.5%, so a 1 m
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increase in sea level could produce 18-60 m of erosion on duned shorelines. The
only exception might be parts of the southern Oregon and northern California
coasts which have numerous faults and folds that may cause coastal uplift in
local areas.
Locally generated Cascadia tsunamis will arrive at the coastline within 5-35
minutes after the earthquake (Priest, 1995; 1997; Myers and others, 1999), so
evacuation will be difficult. By the time the waves reach the coast they will have
slowed from deep ocean velocities of 500 km/hour to about 40-50 km/hour. The
initial wave will be the largest in most cases, but it will become trapped on the
continental shelf owing to reflection and refraction, so tsunamis will continue to
strike the coast for up to 10 hours after the earthquake. Loss of life in many
modern tsunamis has been from people venturing into the inundation zone after
the first wave only to be swept away by the next wave. Figure 4 illustrates
typical time histories for Cascadia tsunamis.

Figure 4. Time histories for a numerically simulated tsunami from the Cascadia
subduction zone. Illustration is from the world wide web site of the Oregon
Graduate Institute of Science and Technology
(http://www.ccalmr.ogi.edu/projects/oregonian/images/minutes/). Note the long
duration of wave activity and the large refracted waves that arrive after the
main tsunami wave.
Tsunami damage will be limited mainly to the open coast and estuarine areas
within a few kilometers of the coast. Tsunami energy generally dissipates
rapidly as the waves proceed up inland waterways or over land. However,
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narrow valleys can concentrate the wave energy, locally reversing this pattern.
Tsunami damage is in many ways the opposite of earthquake damage. Large
masonry structures, especially those lacking steel reinforcement, perform poorly
in earthquakes while flexible wood frame sturtures do much better. Tsunamis on
the other hand frequently destroy wood frame structures while flowing around
those constructed of masonry.
The unfortunate result of this pattern of damage is that the lowest elevation
coastal areas may experience nearly complete destruction, first by the earthquake
and later by the tsunamis (Figure 5). Complicating the problem is the common
occurrence of fires from broken gas pipes or over turned gas tanks. If water
mains are also broken, fires can burn out of control, devastating as much
property as the tsunamis and earthquake. Great subduction zone earthquakes
invariably spawn numerous large aftershocks, creating more damage and
complicating rescue efforts.
The Oregon and Washington coasts have a number of places where people live
and work on sand spits or lowlands with wetlands or bays to the east. These
areas could benefit from vertical evacuation into tall earthquake- and tsunamiresistant buildings. Unfortunately, few tall buildings exist and those that do were
generally built before earthquake building codes were upgraded for the higher
ground motions expected for Cascadia earthquakes. These areas are likely to
experience the greatest loss of life on the Pacific Northwest coast.

Figure 6. Destruction of wood frame structures in downtown Seward, Alaska
from the 1964 tsunami.
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Mitigation Actions
The Oregon Department of Geology and Mineral Industries in cooperation with
other agencies of the federal, state, and local government, has been pursuing a
vigorous program of tsunami and earthquake hazard mitigation. Actions taken
by DOGAMI and other agencies since the program started in 1987 are:.
•

Priorities for earthquake and tsunami hazard mapping were established.

•

With the support from the Oregon Department of Land Conservation and
Development, pilot tsunami and earthquake hazard maps were produced for
Siletz Bay to test mapping methods.

•

Senate Bill 379 was implemented limiting construction of critical facilities
in tsunami inundation zones; to implement this bill, reconnaissance maps of
tsunami inundation were produced for the entire Oregon coast (Priest,
1995).

•

A National Tsunami Hazard Mitigation Program (NTHMP) was formed by
partnership of the five Pacific states, the National Oceanic and Atmospheric
Administration, and US Geological Survey. The program helps fund
inundation maps, education, and a warning system centered around seismic
networks and offshore buoys.

•

Detailed tsunami hazard maps were produced for Yaquina Bay, Seaside,
Warrenton, and Astoria.; similar detailed maps are being produced for Gold
Beach and Coos Bay. The maps illustrate flooding zones from high-,
medium-, and low-elevation Cascadia tsunamis.

•

Statewide earthquake and tsunami loss estimates (Wang, 1999; Wang and
Clark, 1999) indicate that life losses are >5000 and property losses are >12
billion dollars for a magnitude 8.5 Cascadia subduction zone event.

•

Building codes for the coast were upgraded twice, most recently to Uniform
Building Code Zone 4 for Lincoln County and coastal counties to the south.
All coastal counties were previously upgraded to Zone 3.

•

The National Earthquake Hazard Reduction Program of the U.S. Geological
Survey, supported production of reconnaissance maps of earthquake hazards
(liquefaction, landslide susceptibility, and amplification of shaking) for
Astoria-Warrenton, Brookings, Coquille, Florence-Dunes City, Lincoln
City, Newport, Reedsport-Winchester Bay, Seaside-Gearhart-Cannon Beach
and Tillamook (Madin and Wang, 1999).

•

An aggressive program of education on tsunami hazards was implemented;
so far the program has produced tsunami teaching curricula, videos, warning
and evacuation sign standards (now adopted by adjacent states), brochures,
and workshops. The latest workshop was aimed at teaching lodging
facilities to prepare for a Cascadia event. Much of this work was supported
by federal funds from the NTHMP.
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•

Cooperative work with Oregon Emergency Management (OEM) is aimed at
producing tsunami evacuation plans for every coastal city and school in the
inundation zone. OEM is spear heading the effort to install tsunami warning
and evacuation signs in vulnerable cities. Work with OEM is also
proceeding to produce standards for local tsunami warning systems.

•

The Oregon Department of Transportation prioritized State bridges for
seismic retrofit and is proceeding to improve the seismic performance of
bridges.
Maps and reports produced from the DOGAMI hazard mitigation program are
available from the Nature of the Northwest Information Center (503-873-2750;
web site: http://www.naturenw.org/) in Portland, Oregon.
Conclusions
Since great (magnitude 8-9) Cascadia subduction zone earthquakes have
recurrence intervals on the order of 200 to 1000 years, many years are probably
available to implement the aggressive program of hazard mitigation being
pursued by DOGAMI and other government agencies. The earthquake and
tsunami curricula will gradually educate the next generation. If heading for high
ground in the event of a large coastal earthquake becomes a conditioned
response, then life losses will be drastically reduced. In the mean time, if a
Cascadia subduction zone earthquake strikes the Pacific Nortwest coast, most
life loss will probably be from the initial tsunami, which will strike the coast less
than 35 minutes after the earthquake. Life losses will be concentrated in low
lying areas lacking easy evacuation (e.g. sand spits and other low elevation
terrain with wetlands to the east). Life loss in Oregon from the earthquake
shaking and tsunamis will probably be greater than 5000 ; property losses will
exceed 12 billion dollars. Coseismic subsidence persisting for decades on the
northern Oregon and southern Washington coasts will cause property losses to
coastal erosion and high tide flooding. Local parts of the southern Oregon and
northern California coasts will have similar subsidence. Recovery from this
disaster will likely take years and severely test the country’s resources.
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TSUNAMI HAZARD MITIGATION
E. N. Bernard, NOAA/Pacific Marine Environmental Laboratory

The National Tsunami Hazard Mitigation Program accomplished much for the year
1999. Completion of the original 5 year plan developed in 1996 (Bernard, 1998)
appears to be within reach by the end of 2001. Some highlights of 1999
accomplishments include:
1. Overall Program
April and October meetings in Eureka, California and Newport, Oregon gave
feedback on the products of the program. These meetings also included field trips
that showed the positive impact the mapping, signage, and educational activities are
having on coastal communities. An excellent mitigation summary report was
published by Chris Jonientz-Trisler of the Federal Emergency Management Agency
(FEMA). Frank Gonzalez (National Oceanic and Atmospheric Administration, Pacific
Marine Environmental Laboratory (NOAA/PMEL) published a tsunami article as the
cover story in the May issue of Scientific American that was translated into seven
foreign languages and read by an estimated six million people worldwide. His article
included extensive information about the program.
2. Hazard Assessment- Inundation maps
At the close of 1999, all five states are engaged in producing/upgrading tsunami
inundation maps. Visit http://newport.pmel.noaa.gov/time/reports/oct98stat.html to
see the current status of mapping activity. Here is a state by state summary of
FY1999 inundation mapping activities.
OREGON: (Began in FY1997)
The Gold Beach and Warrenton-Astoria inundation simulations were completed.
Draft inundation maps are under review with local officials. This brings to five the
number of completed Oregon inundation maps (other areas are Siletz Bay, Newport,
and Seaside-Gearhardt). The Newport evacuation map was completed and
published. In addition, George Priest's publication, "1995 Tsunami Hazard Maps"
were used to develop pamphlet-size Tsunami Evacuation Maps for communities
where detailed inundation mapping has not yet been completed. Eight such maps
were completed for Bandon, Manzanita, Salmon Cove, Cannon Beach, Waldport,
Yachats, Lincoln City, and Florence. Nine more of these maps are being developed
for Seaside, Warrenton, Astoria, Gearhart, Newport, Reedsport, Gardiner,
Winchester Bay and Cannon Beach.
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WASHINGTON: (Began in FY1997)
The Gray's Harbor / Willapa Bay / Long Beach inundation simulations were
completed. These runs effectively covered the southern half of the Washington
Pacific coast, from the community of Long Beach north to Moclips. Draft
inundation maps were prepared and provided to Grays Harbor County and Pacific
County officials. The draft inundation maps were also presented for discussion at
four Southwest Washington Coast Tsunami Information Forums. Preliminary
evacuation maps for Grays Harbor and Pacific counties were published by the
respective counties.
CALIFORNIA: (began in FY1998)
A preliminary, course grid of the Los Angeles/Long Beach Area was completed and
initial inundation model runs were performed. Three arc-second (~90m)
computational grids were also constructed for the San Francisco, Santa Barbara, and
San Diego areas. Inundation simulations are underway for these areas.
ALASKA: (began in FY1998)
The University of Alaska at Fairbanks Geophysical Institute implemented and tested
the numerical simulation code. Propagation was tested for the 1964 source scenario.
Inundation simulations are now underway for Kodiak, the U.S. Coast Guard Base
Kodiak, and Women's Bay.
HAWAII: (began in FY1999)
Two contracts were awarded for tsunami modeling of distant source scenarios
(Kwok Fai Cheung, University of Hawaii) and local source scenarios (Gerard Fryer,
University of Hawaii). A third contract will be awarded in the future for the
purchase of tsunami coastal recorders.
3. Warning System Upgrade
A. Seismic Upgrades
The USGS completed installation of a communications interface (EARTHWORM)
at the Pacific Tsunami Warning Center and the Hawaii Volcano Observatory. The
interface installation is now complete at both warning centers. Ten new and/or
upgraded real time seismic stations were installed in Alaska (4), California (1), Hawaii
(3), and Oregon (2). Equipment is in hand to complete the installation of 22 more
stations in FY2000 and, if funding continues in FY2001, to complete the installation
of 58 new stations as called for in the original plan.
B. Tsunami Detection Buoys
Based on 1998 deployments, the systems were modified by adding a back-up
Geostationary Operational Environmental Satellite (GOES) transmitter on each buoy
and improving quality control on the welds for the buoy tower. The result of these
modifications has yielded an increase in data return. Current return rates vary from
96% to 99%. Four of these improved systems were deployed in May and October
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1999 off the coast of California and Alaska. All four systems are transmitting hourly
data ( visit http://www.pmel.noaa.gov /tsunami -hazard/ and click on View Real Time
Data). Earthquakes in California and Alaska in the fall of 1999 produced seismic
surface waves that triggered two of the four systems into "event mode". The
systems worked as designed in both the "tide" and "event" modes. Data are also
being received by both warning centers through an independent communication
system. These recent engineering improvements mark a major accomplishment in
real time, deep ocean tsunami detection and move us one step closer to an
operational system.
4. Mitigation
A. Mitigation Sub-Committee
Chris Jonientz-Trisler published and distributed an excellent summary of the first
two years mitigation activity in the five states, NOAA, FEMA, and United States
Geological Survey (USGS). Brian Atwater (USGS), published and distributed copies
of the tsunami educational booklet (USGS Circular 1187) supported by USGS in
conjunction with The National Tsunami Hazard Mitigation Program. The booklet,
"Surviving a Tsunami--Lessons from Chile, Hawaii, and Japan" contains true
stories that illustrate how to survive a tsunami and how not to survive a tsunami.
The booklet is an educational tool meant for those who live and work or who visit
coastlines that tsunamis may strike. Connie Mason published 12 monthly issues of
TsuInfo Alert Newsletter that provides information on tsunami material suitable for
mitigation. The draft of the Tsunami Warning Systems: Guidance for State and Local
Officials was received from Robert Olson Associates, Inc. The Mitigation Guidance
document contract has just been let by California and will be completed in FY2000.
All five states are engaged in tsunami mitigation activities.
Washington: Washington continues work with sign installation and evacuation
planning. Over 500 coastal residents attended four Tsunami Public Forums held on
November 15 - 18, 1999 in Long Beach, Aberdeen, Ocean Shores, and Grays Harbor.
The release of the tsunami inundation and evacuation maps was well received as
tools for dealing with an actual tsunami event. Channel 7 (CBS news affiliate) aired
a story about the maps on November 16th with no negative impact to the state or
national program. Received excellent coverage from the local TV/radio stations, and
newspapers. All coverage took a positive approach on personal preparedness and
community involvement.
Oregon: Oregon continues work on tsunami signage, school evacuation planning,
community evacuation brochures, assisting lodging facilities with education and
evacuation, marketing of existing products and development of partnerships with
Oregon Department of Transportation and the American Automobile Association
to expose more people to safety information.
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Hawaii: Hawaii is continuing work with various projects such as local tsunami
modeling, purchase of coastal recorders, production of a state tsunami video,
development of a safety brochure and purchase of needed equipment to improve
warnings.
California: Workshops based on the mitigation guidance document are planned
following agency review and approval of the document. The new U.S. Geological
Survey "Lessons Learned" booklet will be used at the workshops.
Alaska: Alaska is installing tsunami signs in their first community with interest from
others. Brochures and other educational materials continue to be distributed. Public
outreach consisting of presentations to a variety of groups continues. The
community needs assessment database is in progress.
B. Coordination
A meeting was held in mid -May in Seattle with the Emergency Managers (EMs) from
Washington, Oregon, California, British Columbia, and Alaska as well as most of the
Warning Coordination Meteorologists (WCMs) from the West Coast forecast
Offices. In addition to briefings on the Warning System and developments at the
two Centers an extensive discussion was held on the format of the Watch/Warning
message. The input from the EMs and WCMs was very useful. The proposed
changes to the format will be distributed for comment in the very near future.
Work continued on the Historical Tsunami Data Base for the U.S. with the "final"
DOS version distributed to the EMs and WCMs at the May meeting in Seattle. The
complete set of files for the program are available for downloading at
ftp://ftp.www.nws.noaa.gov/htbd/.
Dissemination of tsunami warnings via NOAA weather radio and Emergency
Managers Weather Information Network (EMWIN) continue to be emphasized.
NOAA weather radio has increased its coverage for coastal communities in Alaska
and an increased coverage is also planned in Washington for the very near future.
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NATURAL HAZARD DECISION-MAKING: THE ROLE OF STAKEHOLDER
NEEDS AND SCIENTIFIC INPUT
Nathan J. Wood, Department of Geosciences, Oregon State University
James W. Good, Oregon Sea Grant and College of Oceanic and Atmospheric
Sciences, Oregon State University

Abstract
A collaborative, multi-year initiative is presently underway to increase the
resiliency of Pacific Northwest ports and harbors to earthquake and tsunami
hazards, involving Oregon Sea Grant, Washington Sea Grant, the NOAA Coastal
Services Center, and the USGS Center for Earth Science Policy (Good and
Goodwin, 1999). As part of this initiative, specific research is examining the
decision-making process under conditions of risk and uncertainty, focusing on
the roles of stakeholder values and scientific input. It is believed that the
integration of stakeholder preferences and scientific expertise within a coastal
hazard decision support system (DSS) will create a robust model from which to
develop multi-user vulnerability reduction and post-event recovery strategies.
To develop this information system, technical workshops are being held to
develop feasible local hazard, risk, and vulnerability scenarios.
Issue
assessments are being conducted through surveys, interviews and focus
groups, to track stakeholder needs and perceptions. Areas of investigation
include hazard and vulnerability comprehension, community organization, local
resource valuation, ideal information attributes, and visualization effectiveness.
The influence of locality on stakeholder issues and mitigation preferences is
examined through spatially scaling assessment results. Research is also being
conducted to determine methods for framing scientific uncertainty and
stakeholder subjectivity in a graphical form appropriate for digital representation.
Introduction
With long recurrence intervals, no advance warnings, and catastrophic loss
potentials, earthquakes and associated collateral hazards represent significant
economic, social, and physical hazards. In the United States, it is estimated that
more than 109 million people and 4.3 million businesses in the United States are
presently exposed to some type of seismic hazard (FEMA, 1997). Situated on the
seismically active Pacific Ocean margin, Oregon is one such vulnerable area.
While Oregon lacks recent catastrophic seismic events, there is historical and
geological evidence suggesting the area is vulnerable to future earthquake
hazards. Evidence includes Japanese historical tsunami documentation,
submerged marsh and forest soils indicative of sudden subsidence, tsunami
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sedimentation features, and large-scale liquefaction features (Atwater et al., 1995;
Satake et al., 1996). The potential for a catastrophic earthquake is associated
with the Cascadia Subduction Zone (CSZ), the interface of the subducting Juan
de Fuca plate and the overlying North American plate and believed to be capable
of generating a magnitude 9.0 event (Yeats, 1998) with an average recurrence
interval of 450 years plus or minus 150 years (Atwater and Hemphill-Haley 1997).
The last major CSZ event is estimated to have occurred 300 years ago, and it is
believed Oregon is within the recurrence interval window. Additional regional
hazards include earthquakes associated with crustal faults and far-field
tsunami events, such as those generated from the 1964 Alaskan earthquake.
Earthquakes pose significant threats to Oregon coastal communities, including a
great potential for life loss, damage and disruption of transportation and utility
systems, industrial and commercial enterprises, and other development. Damage
could result from numerous earthquake-related events, such as severe ground
shaking, soil liquefaction, landslides, land subsidence, and tsunami generation.
While ports and harbors constitute important economic and social components
of coastal communities, their location makes them particularly vulnerable to these
hazards and site-specific mitigation strategies have yet to be developed for these
critical resources (OSSPAC, 1992; CNHPWG 1994).
Developing effective strategies to address Oregon coastal hazards is a difficult
process at the community level for earthquake and tsunami events. Because of
the low probability, spatial uncertainty, constituent inexperience, and
catastrophic potential of events in Oregon, it is difficult to adapt traditional risk
reduction approaches. In general, efforts must balance anticipation and
resiliency, where a community must prioritize it’s ability to prevent as much harm
as possible while also increasing it’s ability to reorganize resources and actions
to respond and recover from an event.
Because seismic issues transcend traditional political, social, economic, and
scientific boundaries, decision-making necessitates the use of experts, such as
scientists and stakeholders. In past planning situations with political
implications, these experts have tended to serve as consultants and not as
process instigators, a role assumed by political or social forces (Dearing and
Rogers, 1996). Although more work-intensive, the benefits of stakeholder
processes in decisional roles have been well documented (see Yosie and Herbst,
1998, for a review) and advocated for in future work (Wolfe et al. 1997).
Generating interest to address seismic issues is difficult however, because
events are so rare, losses are attributed to uncontrollable acts of nature,
individuals assume a fatalistic outlook to future events, and post-event victims
are trivialized in relation to regional losses (Stallings, 1995).
With regards to technical input, studies have shown that scientific information
did not play a role in hazard planning processes (Fischer et al., 1995; Barkenbus,
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1998). In others, technical data was incorporated but was concerned secondary
to publicly voiced concerns (Schroeder, 1997). The dearth of scientific findings in
community-level decisions is considered partly the fault of scientists who may
be generating information without the end user in mind. In a recent survey of
general needs, environmental decision-makers required not more information, but
assistance in interpreting pre-existing databases and in determining what
information is needed to generate informed decisions (Wolfe et al., 1997).
The rise in stakeholder and technical expertise in natural hazard decision-making
has been improved by advances in information, internet and telecommunication
technologies. Recent advances in geographic information systems (GIS) have
also facilitated the integration of physical models with socio-economic impact
assessments, such as HAZUS97 (Risk Management Solutions, 1997), and the
Earthquake Risk Disaster Index (Davidson et al., 1997). Such advances in GIS
technology must now be coupled with improvements in decision support
systems to provide structure to the hazard decision process, and to examine but
how information will be used, what form it is needed in for decision-makers, and
how to introduce community value in analysis (Schroeder, 1997).
Work to improve the natural hazard decision-making process is proposed within
this context of regional seismic hazard, port and harbor vulnerability, the absence
of site-specific strategies, and fragmented information resources. The goal of the
overall project is to enhance the ability of decision makers to allocate scarce
resources, such as time, money, or people, under conditions of uncertainty in
developing feasible vulnerability reduction strategies. This paper discusses
current efforts underway to assess stakeholder and technical expert perceptions,
issues, and needs for future decision support system development. Specific
objectives of this work include:
•
•
•

To assess regional stakeholder natural hazard perceptions and issues within
port and harbor communities
To integrate stakeholder and scientific input within a coastal hazard GIS
To create a decision support system to assist communities to better
understand natural, social, and economic risks associated with coastal
hazards and in analyzing alternative mitigation options
Research Questions

•
•
•

Do perceptions in feasible hazard strategies vary spatially with reference to
proximity to impacted area?
What do stakeholders need in the way of information, and in what form, for
natural hazard mitigation?
Is there a way to accurately portray scientific uncertainty and stakeholder
subjectivity within the decision making process? How is this analog
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information of preferences and perceptions, converted into a digital form
appropriate for a GIS-based DSS?
Study Area
Model development focuses on Yaquina Bay, Oregon and associated shorelands
under the jurisdictions of the Lincoln County, the Cities of Newport and Toledo,
and the Ports of Newport and Toledo. Criteria for community selection included a
representative mix of land use within the port and harbor, the availability of
physical risk and socio-economic data, and a positive reception of the project by
the community, thereby increasing the probability of strategy implementation.
Medium-sized port communities like Yaquina Bay were preferred over larger ports
because of the greater role they play in local development and the fewer
resources available to local decision-makers. Initial reconnaissance of community
interest has been completed and interested agencies include the Port of Newport,
the Port of Toledo, Newport Public Works, U.S. Coast Guard, City of Newport,
City of Toledo, fishing fleet representatives, and Oregon State University, which
operates a large marine science center complex on the south side of the bay.
Interest on a regional level has been garnered from Washington and Oregon Sea
Grant, , the Pacific Coast Congress of Port Managers and Harbor Masters, the
U.S. Coast Guard, and Oregon and Washington state agencies, including
emergency services, geology, and coastal management.
Methods
Objective One: To assess regional stakeholder natural hazard perceptions and
issues within port and harbor communities
In matters with social or political implications, the public voice tends to outweigh
technical data in importance to decision-makers (Schroeder, 1997; Fischer and
Arrendondo, 1999). The integration of stakeholder perceptions and needs with
technical data is, therefore, crucial for project success. Input from various
stakeholder groups is generated through a series of interviews, focus groups,
and surveys, with stakeholder use and survey development guided by
established templates in the social sciences literature (Wolfe, et al., 1997; Yosie
and Herbst, 1998). Statistical methods, such as regression and conjoint analyses,
will be performed with survey results.
Stakeholder input will be used to examine numerous issues, including hazard and
risk comprehension, vulnerability perceptions, resource valuation, information
needs and preferences, decision support system development, and priorities in
future mitigation work.
Stakeholder groups include Yaquina-specific
representatives and those from a more general audience, such as Pacific
Northwest harbor masters, port managers, and Coast Guard officials. For
assessing stakeholder needs of the general audience, an on-line survey is being
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developed. To integrate stakeholder preferences within the final decision
support system, an issue weighting and prioritization scheme is being developed.
Objective Two: To integrate stakeholder and scientific input within a coastal
hazard GIS
A series of workshops are being held to develop potential hazard scenario and
mitigation strategy matrices with experts from various fields of knowledge.
Workshops focus on the following topics:
•
•
•

Regional hazard and risk of earthquakes and tsunamis in the Pacific
Northwest, with emphasis on Yaquina Bay.
Local implications of an event on port and harbor resources within Yaquina
Bay, including the built environment and human population
Local implications of an earthquake or tsunami event on social, economic,
and political institutions

The intended result of these workshops and stakeholder assessments is the
generation of analog information that can be represented in a digital format,
suitable for a geographic information system. Work will differ from previous
research efforts by the inclusion of potential mitigation alternative modules and
decision-assisting visualizations. Analytical results will be represented
graphically, including 2-D probabilistic risk maps and vulnerability visualizations,
using orthophotoquads and Digital Elevation Model images.
Objective Three: To create a GIS-based decision support system to assist
communities to better understand natural, social, and economic risks
associated with coastal hazards and in analyzing alternative mitigation
options
Faced with limited resources and competing priorities, decision-makers require
accurate and accessible information. Current problems in natural hazard
information gathering include lack of standardization, coordination,
communication, the inability to access information, and information not being
updated (BOND, 1999). Obstacles in past decision support system research that
will be addressed in this project include issues of interoperability, success
criteria, simulation validity and judgment valuation (Nagel, 1993; BOND, 1999).
Inherent with multiple users is that disaster information needs will vary, some
requiring highly processed data, while others need raw data (Tonn and Turner,
1999). To remedy this, an extensive web-site is being developed to include
public outreach and education, case study methodology for Yaquina Bay, and a
regional data clearinghouse.
Another issue in information technology is the lack of hardware support for
smaller communities. To address this technology gap, this project focuses
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efforts on developing a model that can perform on a single personal computer,
utilizing internet-based information resources and on-line mapping to supplement
the model. ESRI ArcView 3.2 is the primary GIS software, because of its userfriendly Graphical User Interface (GUI). Additional GUIs that incorporate generic
decision frameworks will be developed with Avenue scripting. Depending on
user need, elements of the DSS may be simplified by scripting Visual Basic or
ESRI ArcExplorer modules, such as the on-line mapping components or 4-D
visualizations.
The proposed GIS-based DSS will focus on assembling various data, including
local physical attributes and socio-economic characteristics, and developing a
sound framework and forum for decision-making. Design for development of the
DSS will be guided by framework criteria found in the information technology
literature (Rowe and Davis, 1996; Turner, et al., 1997; Wolfe et al., 1997; IIASA,
2000). Templates will be developed to guide decision-makers and mitigation
strategists through modules of process adaptation, hazard and risk identification,
vulnerability assessment, and strategy brainstorming for issues of mitigation,
preparedness, relief, and recovery.
One area of specific investigation within DSS development is how to adequately
portray scientific uncertainty within mitigation alternative assessments. The low
occurrence probability of an earthquake or tsunami event do not support simple
cost-benefit analyses; risk premiums and expected losses for events with such
great recurrence intervals would not instigate many mitigation actions to be
taken. For rare but potentially catastrophic losses associated with these events,
stakeholder needs will need to be assessed to gauge what losses are acceptable
and what risks may be justified. With such information, elements of alternative
analytical methods will be utilized, such as strategy cost-effectiveness and multiobjective risk assessment (Chankong and Haimes, 1983).
Additional obstacles in natural hazard decision making are the inherent
uncertainty of predictions and the incompleteness of information, such as
expected build-out, stakeholder risk acceptance, varying scientific expert
opinions, and the areal extent of potential damage. While faced with many
unknowns, stakeholder must still make decisions. Lacking robust data,
traditional statistical methods and decision making under certainty processes are
not appropriate and analyses based on a bayesian approach may be more
justified. Strengths of such an approach include its ability to factor in subjective
judgments into objective analyses and to continually update analyses as more
information becomes available (Hively, 1996).
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Preliminary Findings
While research is still in an early stage of development, preliminary comments
can be made from feedback garnered from technical workshops and stakeholder
focus groups. First, while awareness of issues is high, efforts to develop
comprehensive mitigation and recovery strategies is minimal.
Second,
information presently available to decision-makers is not perceived as adequate
to support coastal hazard strategy development and communication between
information generators and information users is minimal. Available information,
such as published maps and reports, are not being used to assist strategy
development. Third, while a great deal of work has been focused on developing
evacuation routes, little attention has been placed on developing standard
operating plans or prioritization strategies for recovery and reconstruction efforts
and other response issues, like fishing fleet deployment strategies to a tsunami
event. Fourth, product development must recognize limited human and
technological resources of decision-makers and develop models that are simple
enough for quick comprehension but robust enough to provide service in
decision support.
Works Cited
Atwater, B.F., Nelson A.R., Clague, J.J., Carver, G.A., Yamaguchi, D.K.,
Bobrowsky, P.T., Bourgeois, J., Darienzo, M.E., Grant, W.C., Hemphill-Haley, E.,
Kelsey, H.M., Jacoby, G.C, Nishenko, S.P., Palmer, S.P., Peterson, C.D., and
Reinhart, M.A., 1995, Summary of geologic evidence for past great earthquakes
at the Cascadia Subduction Zone, Earthquake Spectra, 11 (1): 1-18.
Atwater, B.F., and Hemphill-Haley, E., 1997, Recurrence intervals for great
earthquakes of the past 3,500 years at northeastern Willapa Bay, Washington,
U.S. Geological Survey Professional Paper, 1576.
Barkenbus, J., 1998, Expertise and the policy cycle. Energy, Environment and
Resources Center Working Paper, University of Tennessee: Knoxville, TN, 11 p.
Board on Natural Disasters (BOND), 1999, Reducing disaster losses through
better information, Commission on Geosciences, Environment, and Resources,
National Research Council, National Academy Press, Washington, D.C., 44 p.
Chankong, V., and Haimes, Y., 1983, Multiobjective decision-making: theory
and methodology, North-Holland: New York, 406 p.
Coastal Natural Hazards Policy Working Group (CNHPWG), 1994, Improving
natural hazards on the Oregon coast: recommendations of the Coastal Natural
Hazards Policy Working Group. ORESU-T-94-002. Corvallis: Oregon Sea Grant.
Davidson, R.A., 1997, An urban earthquake disaster risk index, The John A.
Blume Earthquake Engineering Center, Department of Civil Engineering, Stanford
University, Report no. 121.
Dearing, J.W., and Rogers, E.M, 1996, Agenda-setting. Thousand Oaks, CA:
Sage Publications, 20 p.
377

Federal Emergency Management Agency (FEMA), 1997, Multi-Hazard:
identification and risk assessment, Government Printing Office, Washington,
D.C., 369 p.
Fischer, D.W., and Arrendondo, C., 1999, Municipal coastal hazard planning:
Los Angeles and Orange County City Response, California, Journal of Coastal
Research, 15 (4): 974-984.
Good, J., and Goodwin, R., 1999, Reducing earthquake-tsunami hazards in
Pacific Northwest ports and harbors, Oregon and Washington Extension Sea
Grant Programs, unpublished project proposal, Corvallis, OR, 16 p.
Hively, W., 1996, The mathematics of making up your mind, Discover, 17: 9097.
International Institute for Applied Systems Analysis (IIASA), 2000, Science
for global insight – IIASA homepage, as seen on 2/11/00 at
http://www.iiasa.ac.at:80.
Nagel, S.S. (ed.), 1993, Computer-aided decision analysis, Quorum Books,
Westport, CT, 284 p.
Oregon Seismic Safety Policy Advisory Commission (OSSPAC), 1992, Report
to the Governor and the Legislative Assembly for 1991-1993: Actions to Address
Earthquake Risk in Oregon, 100 p.
Risk Management Solutions, Inc., 1997, HAZUS: Earthquake loss estimation
methodology, user’s manual (prepared for National Institute of Building Sciences
under a cooperative agreement with the Federal Emergency Management
Agency): Washington, D.C., NIBS Document 5200.
Rowe, A.J, and Davis, S.A., 1996, Intelligent Information Systems: Meeting
the challenge of the knowledge era, Quorum Books: Westport, Connecticut, 183
p.
Satake, K., Shimazaki, K., Tsuji, Y., and Ueda, K., 1996, Time and size of a
giant earthquake in Cascadia inferred from Japanese tsunami records of January
1700, Nature, 379: 246-249.
Schroeder, Paul, 1997, GIS in Public Participation Settings, paper presented at
UCGIS 1997 Annual Assembly and Summer Retreat, Bar Harbor, Maine, June 1521, as seen at
http://www.spatial.maine.edu/ucgis/testproc/schroeder/UCGISDFT.htm
Stallings, R.A., 1995, Promoting risk: constructing the earthquake threat.
Aldine de Gruyter: New York, 248 p.
Tonn, B., and Turner, R., 1999, Environmental decision making and
information technology: Issues assessment., National Center for Environmental
Decision-making Research, Report NCEDR/99-01, Oak Ridge National
Laboratory, University of Tennessee, Knoxville, TN, 27 p.
Turner, R.S., Tonn, B.E., and English, M.R., 1997, Environmental decision
making: A framework and institutional and information needs, NCEDR
Publication 97-17, National Center for Environmental Decision-making Research,
Oak Ridge National Laboratory, University of Tennessee, Knoxville, TN, 12 p.
Wolfe, A.K., Schexnayder, S.M., Fly, M., and Furtsch, C., 1997, Summary
Report: Developing a users’ needs survey focusing on informational and
378

analytical environmental decision-aiding tools, Technical Report NCEDR/97-01,
National Center for Environmental Decision-making Research, Oak Ridge
National Laboratory, University of Tennessee, 26 p.
Yeats, R.S., 1998, Living with earthquakes in the Pacific Northwest, Oregon
State University Press: Corvallis, OR, 309 p.
Yosie, T.F., and Herbst, T.D., 1998, Using stakeholder processes in
environmental decisionmaking: an evaluation of lessons learned, key issues, and
future challenges, Project Report, Grant supported from American Industrial
Health Council, American Petroleum Institute, and Chemical Manufacturers
Association, 74 p.

Nathan J. Wood
Oregon State University
Department of Geosciences
104 Wilkinson Hall
Corvallis, OR, 97331
Phone: (541) 752-0877
Fax: (541) 737-7890
Email: woodn@geo.orst.edu

379

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

LACUSTRINE EVIDENCE FOR SEISMIC SEA WAVES
ON THE WEST COAST OF BRITISH COLUMBIA, CANADA
Gloria I. López C. and Peter T. Bobrowsky
School of Earth & Ocean Sciences, University of Victoria, Canada

Background
During the late Holocene numerous great earthquakes have occurred along the
west coast of the North American continent, from the northern end of California
to the southernmost Queen Charlotte Islands, British Columbia. The tectonic
setting of this region is known as the Cascadia Subduction Zone, and is the site
where the Pacific, North America and Juan de Fuca lithospheric plates collide;
and where two minor blocks known as Explorer plate and Winona Block,
located north of the Juan de Fuca plate, intersect and move as independent units
(Hyndman et al., 1990; Dragert et al., 1994; and others).
The location of the west coast of Vancouver Island within the Cascadia
Subduction Zone, together with documented historic and pre-historic evidence
of subduction zone earthquakes, as well as the aboriginal oral tradition,
prompted an intensive paleoseismological study along coastal British Columbia
(Clague et al., 1992, 1994; Clague and Bobrowsky, 1994a, b; Nelson et al.,
1995).
A number of major population centres occur in areas prone to tsunamis along
the British Columbia coast (e.g. Port Alberni, Kitimat, and numerous small First
Nation communities at the heads of fjords). A better understanding of the
mechanism related to great earthquakes (> Mw8) and a range of secondary (e.g.
coseismic) processes affecting coastal areas is required if these centres are to be
further developed or maintained within acceptable safety thresholds. It is
predicted that a great earthquake will cause major damage to anthropogenic
structures as a result of strong ground shaking. However, secondary coseismic
events will also affect areas much farther away from the epicentre. In particular,
earthquakes will cause considerable disturbance to the geological environment,
promoting tectonic displacements (uplift and/or subsidence of the coastlines),
liquefaction (internal disturbance of sedimentary horizons) and tsunami
inundation (Clague, 1996; Bobrowsky et al., 1999).
Another aspect to be considered is that potentially damaging tsunamis may also
result from local but small magnitude earthquakes and submarine landslides.
Such local waves may damage areas that would normally be unaffected by
tsunamis resulting from more distant subduction earthquakes. Finally, high
energy coastal storms reflect an additional hazard to populations living in lowlying coastal lands.
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There have been numerous geophysical and oceanographic studies along the
Cascadia Subduction Zone. Mathematical analysis and numerical models for
predicting tsunami run-up and wave heights have recently become a priority as a
means for establishing potential flood limits of the coastal zone (Pelinovsky et
al., 1998; Ng et al., 1990, 1991). In contrast, little work has been undertaken on
the geological effects and sedimentology of tsunami deposits and the geological
features associated with earthquakes. Our study focuses on an examination of
the geological evidence left by seismic sea waves in low-elevation lacustrine
environments. The sedimentary records examined were collected using a
percussion coring technique. Comparison of the cores with sediment records
from adjacent tidal marshes and other lakes above the reach of storm surges will
help decipher the complex nature of depositional record of our area (Tofino,
B.C.).
Reconstructing Tsunami Occurrence and the Lacustrine Setting
Several sites with tsunamigenic deposits have been identified along fjords on the
west coast of Vancouver Island, mainly in tidal marshes, lakes and beaches at
the heads of bays and inlets (Clague et al., 1992, 1994; Clague and Bobrowsky,
1994a, b; Hutchinson et al., 1997). In the vicinity of the study area (Figure 1a, b)
evidence of tsunamis is preserved mainly as patches in most tidal marshes. This
suggest that although easy, the incoming path for tsunamis can be quite
complex. Moreover, given local coastal uplift and a relatively low sea level
during the late Holocene, present-day marshes are biased in favor of preserving
tsunamis that have occurred over the last thousand years (Clague et al., 1982;
Friele and Hutchinson, 1993; Clague, 1996).
The impact of a tsunami usually depends on the topography of the submarine
floor near the coastline and shoreline, as well as the shape of the bay, inlet or
channel through which the wave travels (Pelinovsky et al., 1998). Freshwater,
low-elevation lakes, located a few metres above mean sea level, but above the
limit of tides and storm surges, offer an ideal target to study the travel paths of
seismic waves and document the maximum height of tsunamis triggered by
earthquakes (Ng et al., 1990; Hutchinson et al., 1997).
Once uplifted, marshes are rapidly colonized by forests, and the buried tsunami
deposits are often destroyed by bioturbation and erosion (Clague and
Bobrowsky, 1994a, b, 1999). In contrast, lakes are sensitive reservoirs with high
preservation potential, making their recording response to environmental
changes immediate. A protected, semi-secluded but active lacustrine system is
even more responsive to high-magnitude external changes, because the normal
continuous pattern of sedimentation would be rapid and noticeably affected. For
example, lakes with low fluvial inputs have thick low-energy deposits (mud and
gyttja) which may be interbedded with laterally continuous coarser material laid
down during surges or tsunamis.
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This is the case with Kakawis Lake (49° 11.5' N, 125° 53.6' W), a ~200 m
diameter confined pond, located on the western peninsula of Meares Island, on
the west coast of Vancouver Island, about 4.5 km north of Tofino (Figure 1c,d).
Kakawis Lake is situated in an area with restricted access to the fjord waters of
Lemmens Inlet and the Pacific Ocean. It has an elevation of 3-4 m above mean
sea level and is entirely surrounded by dense coniferous temperate rain forest.
The central part of the lake is 3 m deep and the margins are invaded by aquatic
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vegetation. The pond is connected to a larger lake to the west and on its southeast margin there is an active 200 m long narrow outlet stream that flows
southward to a small bay in Lemmens Inlet.
Tsunamigenic Deposits
Tsunami deposits typically consist of landward-thinning and landward-fining
sheets of sand and gravel containing brackish and marine microfossils, plant
detritus of several sizes and reworked submarine shelf or intertidal deposits
(Atwater, 1992; Darienzo et al., 1994; Clague, 1996). At Kakawis Lake, three
(and perhaps four) sandy deposits in the stratigraphic record indicate the
presence of seismic waves entering in the lake several times during the late
Quaternary. The total thickness of cored sediment ranges from 3 to 5.4 m in the
central part of the lake (Figure 2). The maximum depth of coring penetration
was limited by basal glaciolacustrine clay or excessive hardness of material. A
total of 6 cores were taken from the central part of the lake, and near the
entrance to the outlet stream (the most direct pathway of a tsunami). The
composite stratigraphy of Kakawis Lake, based on the correlation of distinctive
units and radiocarbon dates is presented below.
The lowest unit consists of a light bluish-grey clay containing fragments of
marine bivalves, interpreted to be of glaciomarine origin. The clay is overlain by
a dark brown to blackish organic mud unit with a very sharp but undulating
lower contact. The mud gradually darkens upward and is gradational with the
overlying unit. There is a significant abundance of plant detritus at the top of
this unit. These units are only present in the deepest part of one core (Kakawis
#5).
Common to all cores is a unit containing three tsunami horizons, consisting of a
laminated to horizontally-bedded olive grey organic mud with minor amounts of
shells fragments and abundant plant macrofossils. This unit was likely deposited
in a lagoonal environment. Laminations increase towards the top of this unit.
All the tsunamigenic horizons have a similar structure: massive deposits with
loose grains and water-saturated. The lowest (and oldest) tsunami layer is 5 cm
thick, and is texturally bimodal, consisting of a mix of medium to coarse sand
and gravel, granules, shell fragments, microskeletons with extremely low
amounts of plant detritus and a silty matrix. The lower contact is erosional.
Radiocarbon analysis on one twig fragment collected in this layer gives an age
of 3580±50 yrs BP.
The middle tsunami layer is 8 cm thick. This unit is also bimodal, but the sand is
finer grained and there is considerably more plant detritus. Radiocarbon ages of
3410±60 and 3540±50 BP were obtained from bark and twigs retrieved in this
layer.
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The upper (and most recent) tsunami layer is 19 cm thick. It is uni-modal, with
medium sand in a silty sand matrix. Shell fragments, microskeletons and plant
detritus are abundant. A radiocarbon age of 3220±50 yrs BP was obtained from
one pine cone. This tsunami deposit is overlain by a dark brown to dark olive silt
and sand-rich gyttja, displaying weak laminae and a gradational upper contact.
Macroscopic plant detritus occurs throughout and reworked shells occur near the
bottom of the unit, presumably derived from the underlying sandy deposit.
The uppermost unit for the whole core consists of a brown gyttja with a high
water content which decreases with depth. Minor amounts of mixed twigs and
needles occur near the bottom of the unit. The upper unit is interpreted to
represent freshwater lake sediments.
Recurrence and Discussion
To date, Kakawis Lake has experienced three main tsunami events: the oldest
occurring some time between 1835 and 2005 BC, the second between 1645 and
1880 BC and the most recent between 1465 and 1510 BC. These events may
have occurred closely in time. Interestingly, deposits attributed to the Alaska
tsunami of 1964, the AD 1700 Cascadia tsunami and a tsunami from an
unknown source between 500 and 800 years ago reported in the marshes near
Tofino (Clague and Bobrowsky, 1994a,b, 1999; Clague, 1996) are not present in
the stratigraphical record of Kakawis lake.
Further analysis of sedimentology, physical properties, geochemistry, diatoms,
and foraminiferal changes in the upper most (150 cm) lake sediments are
currently being undertaken at the Pacific Geoscience Centre, University of
Victoria and Simon Fraser University. The aim of this detailed work is to
identify marine signatures related to geological events over the 1000 years (e.g.
post- AD 1700 earthquakes and tsunamis).
Tsunamigenic deposits in Kakawis lake which predate AD 1700, suggest that
only tsunamis older than a 1000 years ago are present in lakes on the west coast
of Vancouver (Clague, 1996). Similar early deposits have been found in Kanim
Lake (2800 years BP event) and Catala Lake (1000 years BP event) on
Vancouver Island (Hutchinson et al., 1997; Clague et al., 1999). For the entire
Cascadia region, the most recent and best estimate of average recurrence
intervals (~ 500 years) comes from detailed work in buried soils in estuaries of
SW Washington (Atwater and Hemphill-Haley, 1996), where seven large
earthquakes have been reported spanning the last 3500 years; six of these predating AD 1700.
The events recorded in Kakawis Lake are likely related to at least two of the
reported Cascadia earthquake events identified as J-L-N-S-U-W-Y by Atwater
and Hemphill-Haley (1996), that occurred over the past 4000 years (Figure 3).
The mean recurrence interval of these earthquakes is more than 270, but less
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than 550 years. It is also possible that the two most recent events in Kakawis
Lake correspond to two consecutive run-ups of one single event (L identifier ? around 3000 years prior to AD 2000) given their closeness in the stratigraphic
record and sedimentological similarities. The oldest deposit is
sedimentologically different and can be explained by the occurrence of a
different event (J identifier ? - around 3500 years prior to AD 2000 - or even
older).
Summary
Tsunami deposits discovered in Kakawis Lake provide a record of pre-historic
earthquakes occurring on the Cascadia Subduction Zone, which until recently
have only been reported from the coastal plains of Oregon and Washington. The
ages reported here for events preserved in lakes and marshes of Vancouver
Island suggest that the average tsunami recurrence is 350 years. The Cascadia
Subduction Zone and Alaska region are the most likely triggering sources. It
appears that the more recent tsunamis only reach low-lying coastal areas, and
did not have sufficient energy to enter into more recondite low-elevation lakes.
Our work also suggests that tsunamis generated by distant subduction zone
earthquakes did not reach the run-up elevation attained by the 1964 Alaskan
earthquake.
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Introduction
According to the Federal Emergency Management Agency (FEMA), more than
109 million people and 4.3 million businesses in the United States are exposed
to some type of seismic hazard (FEMA 1997). Along the Pacific Northwest
coast this type of hazard is extremely prevalent. The convergence of the Juan de
Fuca tectonic plate and the North American tectonic plate is the most immediate
cause for seismic hazards in the Pacific Northwest, also known as Cascadia.
The place at which these two plates meet is generally known as the Cascadia
Subduction Zone (CSZ) (Figure 1). It is in this zone, where the Juan de Fuca
plate is subducting below the North American plate, that the most intense
earthquakes have occurred in the geologic past for the Pacific Northwest region.
Evidence suggests that a large earthquake event, magnitude 9.0, occurred along
the CSZ in the year 1700 A.D. (Satake et al. 1996). The recurrence interval for
earthquakes of this magnitude has been estimated to be 300 to 500 years, which
would mean the region is now in the recurrence interval window (Atwater and
Hemphill-Haley 1997).
Coastal communities of the Pacific Northwest are potentially vulnerable to
several hazards produced by seismic events. Some of these hazards include
severe ground shaking, liquefaction of unconsolidated soils, landslides, land
subsidence, flooding, and tsunamis. All of these hazards have the potential to
cause loss of life and extreme damage to residential, commercial, and industrial
facilities. In addition, transportation and utility systems could be particularly
vulnerable to damage. Ports and harbors in the Pacific Northwest are especially
susceptible to damages caused by seismic events. Ports and harbors not only
provide the economic base for several communities on the Pacific Northwest
coast but also are important areas from which to launch rescue or relief efforts
after a tsunami occurs. Therefore, it is imperative to develop strategies for
reducing the impacts of seismic events in this region.
Pacific Northwest Ports and Harbors Hazards Reduction Initiative
The Oregon and Washington Sea Grant, in cooperation with the National
Oceanic and Atmospheric Administration (NOAA) and the United States
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Geological Survey (USGS), initiated a Pacific Northwest Ports and Harbors
Hazard Reduction Project in early 1999. The initiative is a multiyear project
with an overall goal of increasing the resilience of ports, harbors, and their
surrounding communities to earthquake and local and distant tsunami hazards.
Demonstration projects, one each in Oregon and Washington, will be undertaken
to develop, test, and evaluate various mitigation strategies and tradeoffs to
increase the resiliency of lifelines, infrastructure, and facilities in and
around ports and harbors. A successful transfer of the lessons learned to other
ports and harbor communities is another important goal. If and when a great
earthquake does strike the region, ancillary benefits will include the reduction in
loss of life and a stable transportation link for post-earthquake disaster response
and recovery. Other benefits of the project include reduced potential for
business interruption, social disruption, and environmental damage. The project
objectives are to identify earthquake-tsunami hazard issues for ports and harbors
in the region, the information and data needed to assess the risks and
vulnerability of ports and harbors, and the availability of data to conduct these
assessments. Yaquina Bay, Oregon, was selected for the first demonstration
project. This includes the cities of Newport and Toledo, Oregon.
Oregon and Washington Sea Grant will serve as the project coordinators. Their
primary responsibilities are to develop project partnerships and serve as liaisons
for the project management group, technical advisors, and local stakeholders.
The NOAA Coastal Services Center's role is to provide technical support. The
purpose of this paper is to describe the Web site the NOAA Coastal Services
Center is developing to support this initiative.
Protecting our Ports and Harbors Web Site
The NOAA Coastal Services Center is developing a Web-based tool to support
the Protecting our Ports and Harbors Initiative (Figure 2). The Web site consists
of two major components: a Cascadia regional risk atlas that addresses the
seismic hazards that are most prevalent across the Pacific Northwest; and the
ports and harbors planning process being developed by Oregon and Washington
Sea Grant, for reducing the impact of seismic hazards. The purpose of the web
site is twofold: to provide educational information about co-seismic hazards in
the Cascadia region of the Pacific Northwest; and to highlight and illustrate a
regional planning tool being developed by Oregon and Washington Sea Grant to
help reduce the impact of seismic hazards. The NOAA Coastal Services Center
is working in conjunction with Oregon and Washington Sea Grant and the
USGS to develop this Web site.
Cascadia Regional Risk Atlas
The Cascadia Regional Risk Atlas section of the Web site addresses the general
seismic hazards that threaten the Pacific Northwest: earthquakes, liquefaction,
landslides, subsidence, flooding, tsunamis, and fires. This section is divided into
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three components: regional vulnerability, resources, and mitigation. The
regional vulnerability section addresses the vulnerability of ports and harbors to
seismic hazards in the Cascadia region. This section also contains a map gallery
that allows individuals to gain an understanding of the important ports and
harbors in this region and their associated seismic risks. The resources section
contains a glossary of seismic hazard terms, a bibliography of related
information, preparedness tips for seismic hazards, a list of Internet links to
related seismic hazard Web sites, and a list of data resources. The mitigation
section addresses the various forms of mitigation being conducted for seismic
hazards in the region.
Regional Planning Tool
It is envisioned that a broad-based planning and mitigation process could be
used by local communities to assess the vulnerability of their ports and harbors
to seismic hazards. The regional planning section of the Web site is broken into
two major components: a generic planning process for seismic risk reduction
and an example of the planning process applied to a port and harbor community.
The generic model is proposed as a process for developing a mitigation plan or
strategy for any port-harbor complex at risk from coastal hazard events.
The first task is recognizing the vulnerability of the area to coastal hazards.
There generally is local concern for the natural hazards in the area, and the
hazards pose a significant threat to essential local resources. Process
development is the first step in the planning framework. This step involves
organizing a core team of individuals that will coordinate the planning process,
conduct public meetings, obtain financial assistance, and develop the hazard
geographic information system (GIS). Organizing advisory groups is also a
component of this first step. Generally, at least two advisory groups are
established: one group is composed of local stakeholders; the other contains
technical advisors. A final component of this first step is adapting the process to
local hazards and coastal resources. This is achieved through community group
meetings, focus groups, and personal interviews. Project goals are also
developed at the end of step one and the project is broken into modules for
which module leaders are selected.
Before continuing to step two, it is essential that public meetings are held to
explain the proposed planning effort and to receive feedback. Step two involves
holding at least three technical assessment workshops. The first workshop is to
assess the hazards and risks of the area and develop hazard scenarios.
Determining the vulnerability of the natural and developed environments and the
social, economic, and political implications is a goal of the second technical
workshop. During the final workshop, response strategies and structural and
nonstructural mitigation options are explored. Again, before moving on to step
three, a public meeting is held to explain the results of the workshops and
present the mitigation options. The final step involves developing and
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implementing mitigation strategies. Components of this step include designing
complementary mitigation strategies, planning implementation actions, and
establishing a monitoring process.
This model process was developed for the Pacific Northwest Ports and Harbors
Hazards Reduction Initiative. However, this general process can be used for any
community wishing to address coastal hazards and the risks associated with
coastal or waterfront development. Below is a description of a case study in
which the above-mentioned process is being used to assess the seismic risk and
vulnerability of the ports of Yaquina Bay, Oregon.
Case Study: Yaquina Bay, Oregon
The planning process described above is being used for a demonstration project
at Yaquina Bay, Oregon, which contains the ports of Newport and Toledo
(Figure 3). The port city of Newport, located at the mouth of Yaquina Bay, is
home to approximately 9,000 people and contains the largest fishing and fish
processing industries on the West Coast. Along with the port facility, the
historic waterfront district is located along the bay and is a host to a variety of
residential and commercial uses. The port city of Toledo is located seven miles
inland on the Yaquina River. Toledo is a town of approximately 3,400
residents, and the port here supports small commercial and recreational vessels.
The goal of this local assessment is not only to explore the risk reduction and
mitigation strategies for seismic hazards of the ports of Yaquina Bay, but also to
develop a methodology that local organizations, governments, and interested
citizens can use to assess the risk and vulnerability of their ports and harbors.
To begin the risk reduction and mitigation planning process, data is first
acquired for the Yaquina Bay area. Project partners at Oregon Sea Grant
provide the NOAA Coastal Services Center with relevant data for the area,
which includes liquefaction and landslide potential, relative earthquake hazard,
habitat management units, road networks, and background imagery.
Incorporation of this data into an ArcView® project is conducted by the Coastal
Services Center. The data incorporated into the project is used by the technical
and stakeholder groups during workshops in Yaquina Bay to assess the hazards
and risk, determine vulnerability, and develop mitigation options. During this
process the exchange of information between the partners in Oregon and the
Coastal Services Center is used to further the development of the overall project.
The findings from these workshops are used to develop and implement
mitigation strategies for the ports of Newport and Toledo. This local assessment
and planning process is outlined on the Web site. A spatial data clearinghouse,
consisting of local data, developed as a result of the planning process and other
data necessary to conduct the risk and vulnerability assessment, will also be
established on the Web site. An on-line mapping application is another
component of the Web site, which will allow users to gain information about
local areas of interest. The Web site lists the project partners involved in the
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Yaquina Bay demonstration project. A bulletin board is a final component of
the local assessment section of the Web site; this will allow interested
individuals the opportunity to provide feedback on the project.
Future Work
The Yaquina Bay project will be monitored and evaluated, and a comprehensive
Yaquina Bay case study will be developed. The Yaquina Bay project is the first
of two scheduled projects; the second will occur in the State of Washington at a
site to be determined. After both of these projects have been completed, the
results of the projects will be evaluated. After evaluation, products and training
materials will be developed and a dissemination strategy will be implemented.
A regional training program through port organizations and other venues will
then be implemented for the Pacific Northwest.
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Figure 1. Map and Cross-Section View of the Cascadia Subduction Zone
(Modified from Ludwin)

Figure 2. A Sample View of Title Page to Web Site
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Figure 3. Map View Showing the City of Newport on the Pacific Coast and
the City of Toledo Inland on the Yaquina River.
Shane Chasteen
Coastal Hazards
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Charleston, SC 29405
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SEISMIC RISK REDUCTION OF BIG COASTAL CITIES IN ALBANIA
Siasi Kociu & Liri Kociu
Introduction
The results of seismic hazard assessment at local level for some important cities
of Albania, situated on Adriatic coast (as main ports of the country: Durres and
Vlora), or cities that are 20-30 km away from the seacoast (as Shkodra, Fieri and
Tirana City) are presented.
1. Durres City Case [9,10,11]
1.1 Short seismic history of Durres city
Durres is a city of about 100,000 inhabitants, situated on Durres bay on Adriatic
coast. It is the second city of the country and the most important port of Albania.
Durachium, the antique name of Durres, was one of the most important cities of
Rome and Byzantine Empires. During it's long history of civilization the city
suffered from strong earthquakes .One of the strongest earthquakes, as was
mentioned was the earthquake of the 1273,after which inhabitants of Durres
were forced to leave the city and settle at Berat.
Concerning Durres city, taking into account it's seismotectonic setting, on
Adriatic seacoast, we think that are of the interest experiences got by two big
earthquakes: Durres earthquake of December 17,1926 (M=6.0-6.3,Io=IX), and
Albania-Montenegro earthquake of April 15,1979(Ms=6.8,Io=IX+). Although
the last one doesn’t belong to Durres region it's epicenter is situated in the same
fault system, which continues southward passing through Durres graben. It’s
geotectonic and site conditions similar to the littoral in Albania.
1.2 Maximum expected earthquakes for Durres City
The maximum expected magnitude for Durres city is Mmax=6.5-7.0[6]. Durres
City is included within the area of isoline of mean return period of Tp=200-250
years, for shakings with intensity Io=VIII (MSK-64) or PGA=0.2g [3]. It means
that shakings with intensity VIII or PGA=0.2 g are not going to be exceeded
every 25 years with a probability of 90%. Concerning shakings with intensity IX
degree, mean return period will be about 1000 years.
1.3 Seismic hazard assessment at local level for Durres city[9]
Durres is situated on both sides of a Quaternary graben, where the thickness of
poor sediments reaches up to 130 m(Fig.1). The central part of the graben
(between two seismic active faults: one on the western part of the graben and
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another on the eastern part), represents a flat area of the former Durres swamp of
poor soils as silts, loams, silty sands, dust sands, sandy clays and poor clays and
somewhere with alterations of thin organic layers, with shallow underground
water level.
Based on studies carried out for seismic hazard assessment at local it was
observed[7]: For a PGA=0.2g
value on bedrock, .the highest 2-D
response(PGA=11m/s/s at Ts=0.5s) was observed on the deepest part of Durres
graben ,where the thickness of poor sediments is about 130m. Comparing these
data with 1-D solutions it can be seen that Sa spectra for 1-D solution on this
part of the graben are characterized by much smaller peak amplitudes(PGA=1.52.0m/s/s) but for a wider range of periods.The shape of 1-D Sa spectra is almost
flat.This can be explained by the degradation of G moduli and increase of
strains for thick models.
From the seismic hazard point of view the area of Durres City was divided from
this point of view into [9] [Fig.2]:
Favorable sites (Hills of Rashbull Arapajt, characterized by: soils of 2d category (weathered hard clays with deep underground water level, maximum expected intensity is VIII degree (MSK-64 scale) or
PGA=0.2g(on bedrocks), and few problems concerning expected
dynamic soil instabilities
Unfavorable sites: (Central part of the former swamp of Durres, where
ground failure phenomena may be developed due to liquefaction of
sands or tixotropy of clays. Taking into account the great thickness of
poor Quaternary deposits, this area was considered as unappropriate for
further development of the city and especially for the setting of tall
buildings, which will be very sensitive even to far away earthquakes,
due to high amplification of strong ground motions, by thick poor
Quaternary deposits.
Dangerous sites: (Western part of Durres hills, where new or induced
landslides may be developed during future earthquakes; and small
sectors along seismic active faults on both sides of Durres graben,
which may cause grave consequences for important structures, in the
case to be broken by earthquakes.
2. Vlora City Case [10,13]
The typical soil profile for the Vlora City is presented in the figure 3. As can be
seen from this figure, the thickness of poor Quaternary sediments has a great
influence on the shape of Sa spectra as follows:
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-For thin soil profiles, the highest response of Sa spectra : in the range
of short periods
-For thick soil profiles of poor sediments the highest response of Sa
spectra, in the range of long periods.
The sandy sediments of the upper part of soil profiles of big thickness (down to
100m) are very favorable for the development of the liquefaction phenomena
based on
1. The empirical relations of some in-situ soil characteristics ,
2. Analytical approaches (cyclic shear stress and strain approach)
Combining both techniques[3,8], the mapping of liquefaction for
coastal area of Vlora Bay was performed indicating (Fig.4):
-Zones susceptible to liquefaction, and
-Zones where no liquefaction can be observed
-Zones of the possible development of induced landslides.
It is shown that the areas coastal zones in Albania, where soil instabilities may
be developed during the future earthquakes, have to be taken into account by
urban planners and decision-makers for an appropriate land use and a
sustainable development, during their physical and urban planning.
3. Shkodra City Case [1, 4]
This City was hit twice during this century by strong earthquakes of June
1,1905(M=6.6,Io=IX)(with the hypocenter close to Shkodra City)[1] and of
April 15, 1979(M=7.2,Io=IX+)(with the hypocenter in Adriatic Sea, 30 km
away from Shkodra City). During these earthquakes a lot of soil instabilities due
to liquefaction phenomena developed on both sides of Buna river were observed
as: uneven soil settlements, cracks on ground with founts of sands mixed with
water, fall of Buna river banks.
The outputs of seismic microzoning studies through seismic intensities carried
out in 1986 for this city, were compared with consequences of two strong
earthquakes mentioned above.(Fig.5).A rather good coincidence of observed and
expected hazard data can be seen from this figure[4]
4. Fieri Town Case [5,7,10]
This town was hit the last time by the earthquake of March 18,1962(M=6.0,
Io=VIII) which caused a lot of damage, victims and liquefaction phenomena in
it and in its surroundings as: cracks on ground with founts of sands fall of
Semani riverbanks.
For Fieri town special detailed investigations were carried out concerning site
response analysis:
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For the input motions was accepted: PGA=0.15 g on bedrock.
4.1.
During 1-D analysis[5,10] was observed:
1.The frequency content of input motions recorded :
-in near field conditions has no influence on: value of TF, and site
period (To).
-in far field conditions has a great influence on: PGA values, SI
(Spectral Intensities), and the shape of Sa and Sv spectra
2.The thickness down to bedrocks has a great influence on the shape of
Sa spectra distinguishing for groups of Sa spectra as follows: for very
shallow models (H=0-10 m);for shallow models (H=10m); for models
with H=30 m, and for those with H=60 m.(Fig.6)
4.2
During 2-D analysis [7], which represents the most complete study of site
response by 2-D method for 5 soil profiles representing small anticlines with
two half valleys on both sides, the highest response was observed on deepest
part of eastern half valleys (Samax=4.0-4.5m/s2 at Ts=0.5-0.8s), The highest
response of the western half valley was observed for periods Ts=0.5 +- 0.3s. On
the small anticline structure (weathered hardrocks) the highest response (23m/s2), was observed in the range of Ts=0.2-0.3s. The most interesting is the
response of the soil profile V-V, which represents a narrow sediment filled
valley). The peak spectral value was observed on its deepest part (point 60,
Samax=4.2m/s2, Ts=0.5s).
5.Tirana City Case[2,10,11,13]
Tirana City, the capital of Albania, very close to the Adriatic sea coastal line,
due to new development in the country is growing rapidly to become a big city
by the end of this century with a population about 1 million (1/3 of the
population of the country), creating a new metropolitan area linking Tirana with
Durres port on Adriatic seacoast.Tirana City, situated on a Quaternary
depression(Tirana-Ishmi depression) and partially on Tirana hills(Neogen age) ,
at legs of Dajti mountain(Cretaceous age) (1600 m high), represents an area
where expected seismic hazard has to be taken into consideration for its long
term and medium term further development.
In 1987 was performed seismic hazard assessment at local level on the scale
1:10.000 for Tirana City. Main parameters to assess the seismic hazard
were[2,10]:
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-Soil categories and seismic intensities (Fig.7)
-Spectral characteristics of soil categories and intensity/PGA
values(Fig.8).
Based on these studies, its is shown that the area of Tirana City has to
experience different strong ground shakings during future expected
earthquakes, which consequences and characteristics will depend on
many factors as[11]:
-The local soil conditions:
-Great thickness of gravel deposits overlying baserocks,
-Small thickness of surface layers of poorer sediments,
-Poor layers of former swamps with shallow underground water level,
-The characteristics of active faults surrounding the City or just beneath
it.
-The underground topography (steep slopes and sharpness) of
baserocks.
Based on these factors the area of Tirana City was divided in areas where
seismic intensities of VI-VIII degrees can be expected for different soil
categories (see figure 7)[2]
The main part of the City is situated on clay sediments of the second terrace of
Tirana river presenting soils of the second category (index T2 in the figure 7),
where the expected seismic intensities have to be VII degrees(MSK-64 scale) or
PGA=0.1-0.15g. Along the southern part of this terrace is situated the first
terrace of Lana river representing the soils of second to third category (Index L1
in the figure 7), where the expected seismic intensities have to be around VII 1/2
degrees(MSK-64 scale ) or PGA = 0.2-0.25g.
Along the the northern part of the second terrace of Tirana river the first terrace
of Tirana river(index T1 in the figure 7) characterized by the soils of II-III
category have to expect shakings of intensity 8 degrees.
The seismic microzoning studies of Tirana city, finalized in December 1987,
were checked by the moderate of earthquake of January 9,1988
(M=5.4,Io=VII+). Comparison of consequences of this earthquake, expressed
through seismic intensities with expected seismic intensities showed similar
trends[2], although their absolute values have a difference of one-degree (Fig.7).
The differences between observed earthquake magnitude (M=5.4) and expected
one (M=6.1) of about 0.7 units, can explain the differences in observed seismic
intensities as well, taking into account, as well, the short duration of this
earthquake as near field earthquake.
Conclusions
It is shown that from seismic point of view, the most dangerous areas of coastal
zone in Albania are Durres and Vlora cities, with a lot of problems concerning
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soil instabilities during future earthquakes, which has to be taken into account
by urbanists and decision makers for an appropriate land use and a sustainable
development of these cities, during their physical and urban planning and the
development of tsunami during past earthquakes.
The comparison of different approaches showed big differences, which has to be
taken into account during the complex evaluation of site response for purposes
of seismic microzoning studies.
The outputs of studies carried out for seismic hazard assessment at local level
can be used by urbanists for seismic risk reduction in physical and urban
planning, involving in this process specialists of many disciplines, including
decisions makers as well.On the other hand it is recommended to use the seismic
hazard maps compiled at local scale for the same purposes for other cities of
coastal area of Albania, especially for Preadriatic area.
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Figures not provided by author:
Fig.6. (No title provided)
Fig.7. The seismic microzoning map for Tirana City, expressed in terms of
seismic intensities and soil categories (in Roman numbers) and
observed intensities (white lines with Roman numbers) according to
the consequences of the January 9,1988 earthquake.
T1 indicates the first terrace of Tirana's RiverT2 indicates the second terrace of Tirana's RiverL1 indicates the first terrace of Lana's RiverFig.8. The seismic microzoning map for Tirana City, expressed in terms of
spectral parametrs
Fig.9. The seismic zoning map for Tirana-Vore corridor expressed in terms of
seismic intensities [19]
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AQUATIC INVASIVE SPECIES –MAKING THE CONNECTION WITH
COASTAL RESOURCE MANAGEMENT
Paul Heimowitz, Oregon State University Extension Sea Grant

Abstract
In the last decade, increasing state and national attention has focused on aquatic
invasive species (AIS) and their significant ecological, human health, and
economic impacts. Although more resources are being devoted toward
preventing and controlling invasions, these initiatives are often not connected
with other environmental protection activities and priorities. There also is no
overall federal policy that aligns AIS management by various jurisdictions.
These gaps can lead to conflicts that can delay AIS control actions and confound
environmental restoration projects. There are a number of opportunities to
better integrate AIS management with environmental programs, including
increased emphasis in coastal zone management plans and incorporation into our
definition and treatment of point source and nonpoint source pollution.
Introduction
European green crab, Asian swamp eel, zebra mussel, Spartina…the list of
Aquatic invasive species (AIS) goes on and on, and continues to grow.
Invasions by non-native aquatic species are gaining increased attention as their
impacts mount. Scientists now consider invasive organisms as a leading cause
of species extinctions around the globe, second-only to habitat loss (Wilcove et.
al., 1998 ). AIS cost the United States billions of dollars annually due to natural
resource damages and costs of monitoring and control (Pimentel et. al., 1999).
Toxic algal blooms and diseases like cholera produced by non-native aquatic
microorganisms can harm human health.
And while humans have been
transporting non-native species around the globe for millennia, impacts from
invasions have been elevated by recent increases in worldwide trade,
advancements in transportation technology, and growing habitat disturbance
(Ruiz et. al., 1997). As a focal point for population centers, water flow, trade
hubs, development activity, coastal habitats are particularly vulnerable to
invasions. Dozens of non-native species inhabit Chesapeake Bay, Puget Sound,
and other major estuaries in the United States. San Francisco Bay, with over 200
exotic plants and animals, may be one of the most invaded environments in the
world. In some areas of the bay, AIS account for over 90 of the biomass (Cohen
and Carlton, 1998). Accurate estimates of established non-native species are
limited by a lack of thorough surveys and by insufficient evidence regarding
whether “cryptogenic” organisms are truly native (Ruiz et. al., 1997).
Preventing introductions is the most effective method for protecting aquatic
ecosystems from AIS impacts. However, given the dozens of avenues by which
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humans move non-native species around, it becomes practically impossible to
achieve complete exclusion. These pathways include commercial shipping via
ballast water and hull fouling; aquaculture and the live seafood trade; escapes
and intentional releases of aquarium plants and pets; use of live bait;
containment failures at research labs; backyard water gardens; and intentional
fisheries enhancement (Washington Sea Grant, 1998).
Once a non-native
species has successfully established a breeding population in a new
environment, elimination is nearly impossible. Billions of dollars are spent
annually in the United States on efforts to control invasive species, and in most
cases the result at best is slowing population spread (OTA, 1993). In fact, wellmeaning attempts to biologically control an invasive species by deliberately
releasing non-native predators or parasites have sometimes led to new invasions
and additional negative impacts (Bright, 1998). Management of non-indigenous
species is complicated by the fact that many may be benign or even
economically valuable (e.g., the Pacific oyster). There also may be significant
lag times between an initial AIS introduction and the subsequent establishment
of a breeding, expanding population (OTA, 1993).
Lack of clear policies
At most jurisdictional levels, AIS are regulated by unique statutes and programs
that are often disconnected from other environmental laws. A 1993 report by
the Office of Technology Assessment concluded that “the current federal
framework [regarding invasive species] is a largely uncoordinated patchwork of
laws, regulations, policies, and programs” (OTA, 1993). The Nonindigenous
Aquatic Nuisance Prevention and Control Act of 1990, reauthorized as the
National Invasive Species Act (NISA) of 1996, provides the core federal
statutory approach. NISA and its predecessor establish requirements for ballast
water management, authorize research programs, provide for a national Aquatic
Nuisance Species (ANS) Task Force and regional panels, and address state
management efforts (National Safety Council, 1998). Other federal directives
regarding AIS include the Lacey Act, which restricts importation of injurious
species into the United States via a list of prohibited species (versus a “clean”
list approach), and implementation of the Federal Plant Pest Act and other
agricultural pest-oriented statutes by the U.S. Department of Agriculture (OTA,
1993). Although the Clean Water Act provides opportunities to regulate
invasive species as pollutants, this has not commonly been practiced. For
example, the Environmental Protection Agency exempted ballast water from
discharges subject to permit requirements of the National Pollutant Discharge
Elimination System (NPDES; Johnston, 1999). There are many similar federal
laws which relate to AIS within the context of environmental protection, ranging
from the Endangered Species Act to the National Environmental Policy Act
(NEPA), but few explicitly refer to AIS. In 1999, President Clinton issued an
Executive Order on Invasive Species which called for federal agency
coordination and created an Invasive Species Council comprised of cabinet-level
members (Clinton, 1999). This order replaced a broad executive order issued by
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President Carter in 1977, which in fact failed to result in development of a
national policy or regulatory prescriptions (OTA, 1993). While many state and
local governments have well-developed programs to address terrestrial invasive
weeds, treatment of AIS at the regional and state government level follows the
pattern of narrow-focused laws or peripheral coverage. NISA encourages states
to develop aquatic nuisance species management plans, which are eligible for
federal funding once approved by the ANS Task Force; only a handful of states
have accomplished this task.
Particularly given their multiple paths of introduction, it’s no surprise that many
AIS have crawled, swam, and floated their way through the many gaps in the
regulatory and policy structure described above. A number of AIS introductions
in this country originated from intentional agency programs to prevent erosion
or enhance fishing opportunities contrary to other government efforts to protect
native biodiversity. For example, the European beachgrass Ammophila arenaria
has been planted in numerous locations along the West Coast in order to
stabilize sand dunes. Despite efforts now to remove this exotic species and
restore native dune flora, non-native Ammophila species are still used for
stabilization projects on the West Coast (Wiedemann and Pickart, 1996). Broadreaching federal laws that do not specifically flag concerns about AIS result in
inconsistency. As one illustration, NEPA and Environmental Protection Agency
regulations and guidance on environmental impact statements do not
comprehensively address AIS risks (SAIC, 1995). Environmental review of a
navigation channel deepening proposal may raise concerns about increased
ballast-mediated invasions while a similar proposal in another location may not
elicit any analysis of AIS implications. Federal laws that do directly address
AIS may contain significant limitations. Although the Lacey Act prohibits
international importation of species such as zebra mussels, it’s often up to
individual states to regulate transportation between and within their borders
(OTA, 1993). It’s difficult, for example, for a state like California to prevent
shipments of live bait from Maine to anglers in San Francisco Bay - a scenario
cited as a likely mechanism for the introduction of European green crabs to the
West Coast in the late 1980’s (Cohen et. al., 1995). Even where national
programs exist, funding priorities have not always matched the high ranking AIS
receive as an environmental threat. In 1998, for example, only $300,000 was
available in total to states for implementation of approved management plans
(Western Regional Panel, 1998).
Once an invasion occurs, management and control efforts may reveal significant
collisions between conflicting agency missions regarding AIS and other
environmental protection needs. Agency efforts to rapidly control new arrivals
of AIS may run into lengthy delays from permit requirements, particularly when
chemical treatments are warranted. Friction can escalate into major battles, as
exemplified in California’s Lake Davis. Facing major predatory impacts to
native fish by an illegal introduction of aggressive northern pike, state agency
officials proposed treating the entire lake with several piscicide chemicals
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Based on local outcry and concern about effects on drinking water resources, the
county government adopted an ordinance to block the action. When that failed,
protest actions mounted, reaching an extreme when local decision-makers and
others chained themselves to a buoy on the day chemical treatment was
scheduled (Devine, 1998).
Building Integration
As existing infestations grow and new invasions occur, it will become more
critical to weave AIS management efforts throughout all efforts designed to
protect coastal ecosystems. AIS can certainly affect the quality of coastal
natural resources valued by humans; habitat disturbance, intensive harvesting,
and other human activities in the coastal zone may in turn promote the success
of some invasions (Ruiz et. al., 1997). Getting agencies to coordinate their
invasive species programs through organizations like the Invasive Species
Council is important, but only a first step. In addition to comparing interagency
AIS policies, government jurisdictions need to look internally at how AIS
management fits in with all their actions. Is there a clear and bold policy
regarding how the agency will prevent introductions of AIS, treat new arrivals,
and manage existing infestations? Is AIS management conspicuously addressed
in any programs designed to protect or restore aquatic ecosystems? The Pacific
Northwest provides a useful example of such opportunities. Faced with a
number of salmonids listings under the Endangered Species Act, Oregon and
Washington have both initiated statewide plans to restore these native fish. The
Oregon Plan for Salmon and Watersheds aims to restore salmon habitat through
voluntary actions by government, industry, landowners, watershed councils, and
other community groups. The plan and associated restoration guides address
harvest, hatcheries, and other factors contributing to decline of Oregon
salmonids. While there is a great deal of attention to habitat quality, there are
few references to AIS, and in those cases the focus is primarily on exotic
riparian vegetation like Himalayan blackberry (Oregon Plan, 1999). Similarly,
many watershed councils implementing the Oregon Plan have not emphasized
preventing or managing AIS invasions. Bullfrogs, non-native gamefish, aquatic
weeds, and many other AIS are likely affecting Northwest salmon and their
habitat already; the arrival of invaders like the Chinese mitten crab or zebra
mussel could create significant problems for migrating fish. By integrating AIS
management throughout natural resource management regimes like the Oregon
Plan for Salmon and Watersheds, aquatic invasions are less likely to counteract
other restoration efforts.
State coastal zone management programs offer another avenue to connect AIS
management with activities in coastal habitats. In fact, this inclusive approach
fits directly into the concept of integrated coastal management (ICM) being
adopted world-wide (Cicin-Sain and Knecht, 1998). However, even current
texts on ICM do not identify AIS within the scope of major coastal management
issues (Cicin-Sain and Knecht, 1998; Klee, 1999). Coastal and ocean
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management plans need to incorporate state AIS management plans where they
exist, or may even provide the foundation for such plans. Many traditional
elements of these plans need to be reexamined through the lens of invasion
ecology. For example, do provisions for salt marsh protection mesh with efforts
to combat invasive saltmarsh vegetation? Are dune stabilization programs
harmonious with policies regarding introduction of non-native plants? Because
of federal consistency requirements under the Coastal Zone Management Act,
state plans that adequately incorporate AIS management can then help align
federal activities (National Safety Council, 1998).
Perhaps the most thorough way to address biological invasions within coastal
resource management programs is to treat AIS as contaminants in the same
sense as chemical, physical, and thermal pollutants. In fact, invasive species
have been termed “smart pollution” given their ability to self-generate and adapt
(Bright, 1998).
AIS introductions fit well into conventional distinction of
pollution from point sources (e.g., ballast discharges) and non-point sources
(e.g., recreational anglers and boaters). Designating and managing particular
AIS as pollutants within the broad range of local, state, federal, and international
laws and regulations that address water quality would raise a large umbrella
around this issue and compel attention by coastal managers. For example,
removing the permit exemption of AIS-contaminated ballast water under the
NPDES system would require analyses regarding how potential invasions relate
to ecosystem health in coastal areas that receive ballast discharges (Johnston,
1999). Treating AIS as pollutants would also require coastal nonpoint source
pollution control programs required under the 1990 Coastal Zone Act
Reauthorization Amendments to address invasion prevention activities alongside
efforts to treat stormwater runoff and sediment erosion. Of course, this policy
shift would bring with it significant implementation challenges. State and
federal coastal and water quality managers would have to modify plans, build
new standards, and develop new procedures on top of their already complicated
and often over-taxed programs; existing funds for AIS management would need
to be redirected and enhanced. However, the long term impacts of treating AIS
prevention and control outside the sphere of coastal management programs will
likely prove even more troublesome.
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LINKING LAND USE TO WATER QUALITY IN SOUTH CAROLINA
Calvin B. Sawyer, SC Sea Grant Extension Program
As coastal communities in the south become more populated, there are
increasing pressures to develop previously undisturbed areas. Local land use
decision-makers face considerable challenges in terms of recognizing and
gauging the impacts their decisions have on water quality. An educational
program is being undertaken that is helping local officials understand what
issues are associated with polluted runoff and some innovative ways to address
the problems before they become unavoidable.
South Carolina Nonpoint Education for Municipal Officials (NEMO) is a threetiered informational, educational and technical assistance strategy for protecting
local water quality by linking land use decisions with nonpoint source pollution.
The program is being developed through a collaborative partnership between the
SC Sea Grant Consortium, Clemson University, and the Waccamaw Regional
Planning and Development Council. The South Carolina NEMO project has
been adapted from a highly successful program carried out by the Connecticut
Cooperative Extension Service.
The Setting
The natural features of the South Carolina coast are diverse and striking. The
state contains 2,876 miles of tidal shoreline, 500,000 acres of tidal bottoms, and
504,450 acres of salt marsh (representing 20 percent of the East Coast total).
Five major estuaries drain water originating from as far away as western North
Carolina (Figure 1). The great diversity of wildlife inhabiting the coastal region
of the state includes notable populations of striped bass, sturgeon, bald eagles,
ospreys, alligators, and wood storks.
Broad
Pee Dee
Saluda/Edisto
Catawba/Santee

Savannah/Salkehatchie

Figure 1 – Major South Carolina Watersheds
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The South Carolina coastal economy has many traditional sectors that depend on
healthy water resources as well. More than 2,000 commercial fishermen harvest
an average 15.4 million pounds of seafood worth about $25 million. In addition,
$14.4 billion was spent in 1997 for recreation and tourism in the state, with over
60 percent of that total expended along the coast.
Finally, more than 25 percent of the state’s 3.5 million residents live in the
state’s eight coastal counties. While the population of South Carolina increased
by 11.7 percent from 1987 to 1997, it grew by more than 22 percent along the
coast. This pace of coastal growth is expected to increase over the next two
decades. These facts point out the primary social, cultural, economic, and
environmental importance of South Carolina’s coastal region, and why the
protection of its water resources is so essential.
The Need For NEMO
State and local governments across the country are facing increased public
pressure to address the consequences of urbanization and suburban sprawl.
South Carolina is no exception. Like other states, South Carolina confers
primary authority for land use decisions on local governments. Traditionally,
local governments have used their zoning authority to regulate land use. In
response to the passage of the 1994 Comprehensive Planning Enabling Act,
local governments in South Carolina are revising their comprehensive land use
plans and zoning laws. (SC Code of Laws, as amended, §6-29-310 et seq.). In
the process, many local governments are using their planning and zoning
authority as tools for managing growth and development in their communities.
The nature and extent of nonpoint source pollution is essentially a function of
the way individuals use the land. Regulating these activities is a sensitive issue
for the federal government since land use decisions are largely made at the local
level and influenced by state policies (GAO 1999). The US Environmental
Protection Agency (EPA) has largely left the control of nonpoint source
pollution to the states and localities. EPA reports that over one-third of the
nation’s waters that were assessed by states are impaired. Nonpoint sources of
water pollution have been identified as the primary reason for these continuing
problems (GAO, 1999). Under pressure to meet national water quality goals,
state and local governments must understand and deal with complicated and
costly federal directives to control nonpoint source pollution. These include
EPA regulations that require municipal officials and county governments to
control contaminated runoff through local storm sewer systems, and to ensure
that construction projects employ sufficient runoff prevention measures
(Arrandale, 1998, 54).
For local decision-makers, the combined pressures of managing growth and
controlling nonpoint source pollution are closely related. Problems with urban
runoff increase as growth-related development results in more impervious
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surfaces, for example, more streets, parking lots, and rooftops. A 1994 study
estimated that during a one-inch rainfall, the volume of water flowing off an
acre of pavement is fifteen times the amount that a one acre meadow would
shed. (GAO, 1999). As impervious surfaces within a watershed rise above 10
percent, local water bodies typically become measurably impacted. Beyond 25
percent, some level of damage is unavoidable. The most recent National Water
Quality Inventory reports that runoff from urban areas is the leading source of
pollution to estuaries and the third largest source of water quality damage to
lakes (ICMA). A study comparing growth scenarios for a town in South
Carolina found that runoff from a spread-out large-lot scenario was 43 percent
higher than a compact “town” scenario. In addition, sediments, phosphorous,
nitrogen and other pollutants leaving the “town” site were less (ICMA).
While public awareness campaigns have been moderately successful in
educating the general public about how their behavior affects nonpoint source
pollution, educating local officials on how their land use policies impact water
quality, and getting them to consider these effects, is a more complex challenge.
The goal of NEMO is to inform and educate local officials on how local land
use decisions and polluted runoff are inextricably linked, in an effort to have
nonpoint source pollution considered more when land use policy decisions are
made.
Project Description
NEMO makes use of geographic information system (GIS) technology to help
illustrate the connection between land use and water quality. A series of GIS
images based on satellite-derived land cover/land use data is the heart of the
NEMO program, which also includes a series of fact sheets.
The core presentation of NEMO can be roughly divided into three parts. First,
GIS images of topography and drainage systems are used to emphasize the water
cycle, the watershed concept and the need for watershed management. Second,
the land cover/land use data is interspersed with ground and aerial photographs
to show municipal officials the current land use patterns in their region and the
common polluted runoff problems associated with each major type of land use.
Finally, existing land use in critical watersheds is compared with "build-out"
scenarios (Figure 2) based on zoning regulations. The emphasis here is on
potential increases in the amount of impervious surface, which has been
demonstrated in the literature to be a key determinant of receiving stream water
quality. This relationship can be used as a simple and unifying principle which
town officials can reference in the course of their day-to-day land use decisions.
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Figure 2 - Waccamaw Neck Impervious Surface Levels
The NEMO Strategy
Whether fortunate or unfortunate, pavement is an unavoidable fact of modern
life. However, there are still many options available to local governments
interested in reducing the water quality impacts of existing or future
development. Strategies can be organized into a three-tiered approach, which
can be summarized as: plan, minimize, and mitigate (Arnold and Gibbons,
1999). Communities involved in the South Carolina NEMO program are using
one, or a combination of these three approaches.
Plan Development Based on Natural Resources - Preventing pollution by
planning in a comprehensive manner is by far the least expensive and most
effective way to protect local waterways. To this end, a working knowledge of
regional natural resources is critical to guide appropriate development. A
natural resource inventory is an essential first step. Identifying important natural
resources and setting protection priorities provides a framework within which
the impacts of proposed or existing development can be evaluated. Formal
inclusion of these priorities in comprehensive plans and procedures is also
important (Arnold and Gibbons, 1999). Broad resource protection strategies
applied at the local or watershed level, such as buffer zone and setback
requirements, are increasingly coming into use. With regard to impervious
surfaces, local officials could consider a "budget" approach that sets an overall
limit for key areas, and above that limit require increases in pavement on one
site to be compensated for with decreases on another site (or some other
acceptable method of reparation). This technique might be appropriate, for
instance, in a watershed where analyses show a threat to critical water resources
from future growth.
Minimize Impacts through Creative Site Design - The site planning stage offers
the best chance for local officials, designers and builders to work together to
reduce polluted runoff from a site. Evaluate site plans with an eye to
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minimizing both impervious areas and disruption of natural drainage and
vegetation. Studies have shown that impervious cover can be reduced by up to
50 percent through creative design (Arendt, 1994). Cluster development, which
reduces the total area of paved surfaces and increases open space, is one method
to be considered (Figure 3). Are the proposed sidewalks, roads and parking lot
sizes absolutely necessary, or could they be reduced? Brick, crushed stone or
other porous pavement options are often a viable alternative in low traffic areas.
Are curbing and piping necessary, or could drainage be directed to vegetated
swales? Designs which reduce grading and filling and retain natural features
should be encouraged. In addition to protecting waterways, such designs can
often be less expensive and more pleasing to the eye.

Figure 3 – Alternative Site Design (Arendt et al, 1994)
Mitigate Unavoidable Impacts by Implementing Best Management Practices Best management practices (BMPs) include a whole range of methods designed
to prevent, reduce or treat stormwater runoff. Choosing the correct BMP is
often highly site-specific. Here are some basic BMP concepts that South
Carolina NEMO conveys:
Slow down stormwater - This is the basic idea behind both detention ponds,
which are meant to slow and hold stormwater before releasing it, and retention
ponds, which are designed to hold the water permanently until it infiltrates into
the ground. In both cases, pollutant removal takes place through settling of
particles and through chemical and biological interactions in the standing water
or in the soil. As with any device, these BMPs must be correctly designed in
order to work properly. For instance, ponds must be large enough to treat runoff
generated by the combination of local climate and site configuration.
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Avoid direct connections - Break up the flow of polluted runoff by using grass
swales, filter strips or other forms of vegetative BMPs wherever possible in
place of curbing and piped drainage. In many cases, these methods are most
effective when used in combination with structural BMPs like detention ponds.
Ensure regular maintenance - Most structural BMPs require regular maintenance
to retain peak pollutant-removal efficiency. Maintenance ranges from the
frequent, but simple (sweeping parking lots, cleaning storm drains) to the
infrequent, but complex (sediment removal from detention/retention ponds), but
in all cases it must be budgeted and planned for at the front end of the project.
Conclusion
It remains to be seen what the long term impacts will be as a result of the South
Carolina NEMO program. Local officials in the target watersheds are being
educated that water quality cannot be treated as a stand-alone issue divorced
from other local quality of life considerations such as urban sprawl, traffic, road
maintenance, open space planning and neighborhood character. Rather,
nonpoint source pollution should be a consideration addressed in combination
with these other issues. In this way, NEMO will serve as a catalyst for change
by enabling local officials to better incorporate water resource protection into
their everyday decisions.
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MANCHESTER ANNEX SUPERFUND REMEDIATION:
PAST, PRESENT, AND FUTURE
Martin C. Miller, Coastal and Ocean Concepts
David A. Heffner, Hart Crowser, Inc.
Ralph Totorica, U.S. Army Corps of Engineers, Seattle District
Introduction and Site History
The Manchester Annex site, situated on an embayment of Puget Sound in Kitsap
County, Washington, was originally part of a 385-acre military reservation
established in 1898 (Figure 1). The site was subsequently transferred from the
War Department to the U.S. Navy in 1919 and, from 1940 to the early 1950s,
about 40-acres of the site was used as a facility to construct, store, and repair
steel submarine nets that were suspended between “gate vessels” across
strategically important waterways such as Rich Passage, the entrance to the
Puget Sound Naval Shipyard at Bremerton.

Figure 1. Manchester Annex Superfund site (Site).
The Net Depot was comprised of a large concrete pad and various structures
including storage facilities, boat sheds, and a paint and sandblasting building
used for net cleaning and repair.
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Another part of the site, southwest of the Net Depot (Figure 2) was used as a
Naval Fire Fighting School. Here, damage control personnel were taught to fight
and extinguish typical shipboard fires within structures resembling ship
compartments. The school facility infrastructure included underground storage
tanks (USTs) for gasoline, diesel fuel, and waste oil; fuel lines; water lines;
drains; and “Christmas trees” of valves used to simulate the oil distribution
systems aboard ship.
Between 1946 and 1962, the Navy filled approximately 6 acres of tidal lagoon
with primarily building demolition debris and burnable garbage from the Puget
Sound Naval Shipyard, along with scrap metal (e.g., old submarine nets) and
miscellaneous construction debris. The resulting landfill, about six feet thick,
was covered by 1 foot of sand and gravel.
The site trends approximately northeast-southwest and is open to Puget Sound
toward the east. Nearly 1,200 feet of sandy beach are littered with debris that
has weathered out of the landfill. Portions of the site that were used as the Fire
Training facility and oil waste associated with that activity has added to the
contamination (Figure2).

Figure 2. Land use areas at the Manchester Site showing area of the Net Depot,
the existing landfill and the fire training area.
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Over intervening years, portions of the site were transferred to the
Environmental Protection Agency (EPA) and to the National Oceanic and
Atmospheric Administration (NOAA), both of which operate laboratories on the
facility. Another upland portion of the property was transferred to Washington
State Parks and has been developed as part of Manchester State Park, a public
recreation area. The latter is on land not considered to be contaminated as
described below. Based on findings of studies conducted between 1987 and
1994, the Manchester Annex Site was placed on the National Priorities List of
Hazardous Sites. The greatest site risks are associated with potential skin
contact and incidental ingestion of waste material containing elevated metals and
dioxin/furan concentrations. Other contaminants identified at the site include
polychlorinated biphenyls (PCBs) and dioxins.
Since historical Department of Defense (DoD) operations appear to be the sole
cause of the contamination, Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) activities are being conducted
under the Formerly Used Defense Site (FUDS) program, and cleanup costs will
be paid from a special fund set aside for the properties formerly used by DoD.
Through an Interagency Agreement with the EPA which acts in an oversight
role, the Army Corps of Engineers, Seattle District, contracted with Hart
Crowser Inc. to develop an RI/FS and the resulting plans and specifications for
site remediation. The proposed plan for site cleanup was presented to the public
in April 1997, and the Record of Decision (ROD) was finalized and signed in
September 1997.
General Description of the Cleanup Remedy
The approved remediation plan includes steps to isolate the contaminants in the
upland landfill and to restore the beach and the nearshore areas to productive
habitat. Debris will be removed from the beach face and placed on the upland
site. The beach restoration presents special challenges since it has to meet design
criteria that include wave attack during storms, habitat restoration goals, and the
ability to drain any water accumulating in the capped landfill, while achieving
seep cleanup levels.
Components of the cleanup remedy include the following:
¾

¾
¾

Excavation (including erosion control measures) of landfill debris from the
Clam Bay intertidal zone, and construction of a stable shoreline protection
system designed to achieve seep cleanup levels, with a goal of no net loss of
aquatic habitat;
Placement of clean sediment (or similar capping material) over intertidal
Clam Bay sediment areas which exceed cleanup levels;
Installation of a cover over the upland portion of the landfill and a hydraulic
cutoff system along the upgradient edge of the cover;
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¾
¾
¾
¾

Excavation and off-site disposal of dioxin-impacted soils and debris located
in the vicinity of the former fire training simulators;
In-place closure of concrete underground storage tanks in the Fire Training
Area;
Post-construction monitoring of Clam Bay sediment, shellfish tissue, and
seeps associated with discharge from the landfill (if observed); and
Institutional controls.

The components of the remedial design are summarized in Figure 3.

Upland Remedy
A range of remedial alternatives was evaluated for controlling seepage and
contaminant loading to Clam Bay and erosion along the toe of the landfill. An
evaluation of seep water indicated that copper, nickel, and zinc concentrations
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were periodically greater than applicable surface water quality standards. It was
determined that seep concentrations would have to be attenuated by a ratio of at
least 6 to 1 to meet the remedial action objectives (RAOs) at the point of seep
discharge along the beach.
A cut-off wall and perimeter drain will be constructed to control groundwater
and surface water approaching the landfill from up-gradient edge. This system
will divert the captured water around the landfill. The design also insures that
the drain system will not serve as a conduit for seawater infiltration from Clam
Bay into the landfill during high tides. Several alternative cut-off wall
technologies were investigated prior to selection of a soil-bentonite slurry trench.
The base of the wall will be keyed into the underlying silt layer, and its top will
be tied into the landfill geomembrane. Thus, it will provide an effective barrier
against the horizontal migration of both subsurface liquids and gases between the
covered landfill debris and adjacent upland soils.
The drain system will be installed just up gradient of the cutoff wall, to divert
both groundwater and surface water around the landfill area. The drain system
consists of a combination of surface ditches and buried perforated and solid
drainpipe. In addition to handling groundwater and surface water, the system
will intercept existing storm drains and route their flows around the north end of
the cover area to discharge to Clam Bay.
Beach Remedy and Habitat Restoration
Over the years, a considerable amount of debris has been eroded from the
landfill and is littered on the beach face. This material will be removed and
placed on the upland landfill. It will be reduced in size as necessary by
techniques to be determined by the contractor and placed on specific areas of the
upland landfill to achieve the desired grading. Debris that is physically
unsuitable for placement on the landfill and not amenable to size reduction will
be tested for waste designation purposes and recycled or disposed of at an
appropriate off-site facility.
The goals of the beach restoration are to achieve the desired reduction in the
seep levels, to restore the area to productive habitat use, to provide a high level
of shoreline protection, and to provide an aesthetically pleasing shoreline
treatment. The desired reduction in seep levels will be achieved by control of
ground water and by installation of a low permeability design fill. The beach
design cross section is shown in Figure 4.
The protection for the beach face will consist of a layer of riprap placed on the
design fill at a slope of 2H to 1V, followed by quarry run gravel (4H:1V) and
topped with pea gravel (7H:1V) with average size about 7mm. The layer of
gravel is aesthetically pleasing and also provides spawning substrate for the surf
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smelt (Hypomesus pretiosus) and the Pacific sand lance (Ammodytes
hexapterus), both of which are forage species for the local salmon.

Figure 4.
systems.

General cross-section detail of the beach and upland protection

The beach at Clam Bay is protected from the strongest winter storms, which
generate winds from the southwest. The site is exposed to winds from the north
through the southeast directions, with the greatest fetch distance for wave
generation being about 7 nautical miles from direction 120 degrees.
The design criteria for the beach protection were determined by making the
conservative assumption that winds from the strongest winter storm would arrive
from the direction having the longest fetch. Wind data were obtained from longterm measurements made at West Point north of Seattle (see Figure 1). Hourly
records of wind speed and direction were reported at this site from 1968 through
1973 and from 1984 through 1993. The wind observations were sorted to obtain
the strongest winds from the southerly direction during that interval. These were
used with the log-Pierson Type III extreme distribution curve available in the
Corps of Engineers, Automated Coastal Engineering System (ACES) design
package to obtain the estimated winds at return intervals ranging from 2 to 100
years. The wind speed was assumed to be the sustained wind (1-hour) at an
elevation of 10 meters above the water surface. This method yielded a wind
velocity of 48 knots, which was used, again with the ACES software, to predict a
design wave with significant height of 4.7 feet and period of 4.22 seconds.
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Nearshore Remedy
Results of the remedial investigation revealed that Clam Bay intertidal
sediments, adjacent to the landfill, exceeded clean up levels for copper, lead,
silver, zinc, 2,4-dimethylphenol, and total PCBs. A thin cap (6 inch thickness)
will be placed over these sediments to provide clean habitat material for benthic
organisms. This remedy, which was used in similar conditions at the nearby
Eagle Harbor Superfund site, will provide partial containment of the
contaminated material with limited back mixing, and will provide for enhanced
natural recovery.
One small area, referred to as the “silt basin,” within the intertidal, has relatively
higher concentrations of contaminants. It will be capped with approximately 3
feet of clean material. A single capping material will be used for both the thick
and thin sediment caps.
Project Status
The remedial action construction contract was awarded in June 1999 to
Remtech, Inc. of Spokane, WA, and construction is scheduled for completion in
November 2000. The cost of the remedial action construction is estimated at
$4,600,000.
The project presented technical challenges-notably, design of a stable shoreline
protection system that effectively contains landfilled wastes while allowing water
to drain and providing a “fish-friendly” intertidal environment. The project also
presented scheduling challenges related to the Endangered Species Act and fish
windows, and coordination challenges because of the large number of
stakeholders involved and the funding mechanism. Open communications lines,
accelerated review schedules, and consensus-building meetings contributed to
the success of the project to date.
Martin C. Miller
Coastal and Ocean Concepts
4702 45th Avenue SW
Seattle, WA 98116
Ph (206) 923-3311
Fax (206) 923-3311
Martinmiller@uswest.net
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COASTAL POLLUTION STATUS AND THE NECESSITY OF URBAN
RUNOFF POLLUTION CONTROLS IN HONG KONG
Ng Yan Yan, Dawn, The University of Hong Kong
William Barron, The University of Hong Kong
The importance of coastal areas to Hong Kong
Hong Kong, located in the southern coast of China, has approximately 1,800km2
of coastal waters and 1,100km2 of land area. The coastal waters are affected by
both oceanic currents from the east and Pearl River discharges from the west,
attributing to the diverse coastal habitats for numerous types of marine life.
Apart from the ecological aspect, the prosperity of Hong Kong is also greatly
dependent on the coastal waters. These waters provide space for port functions
contributing to the economic progress throughout Hong Kong’s history. Over 7
million people within Hong Kong rely on the coastal area for recreation,
transportation, and seafood supply. It is also a natural media for diluting and
treating sewage and wastewater arising from residential, commercial and
industrial activities. While the marine environment has accounted for much of
Hong Kong’s prosperity, it has long been taken for granted and recently has
been stressed to a non-sustainable level. This paper gives a brief review of this
status and the causes of it, with a focus on the significance of urban runoff
pollution.
Marine waters pollution status in Hong Kong
Legend:
Water Control Zones
1
Tolo Harbour & Channel
1S
Tolo Harbour Supplementary
2
Southern
2S
Southern Supplementary
3
Port Shelter
4
Junk Bay
5
Deep Bay
6
Mirs Bay
7
North Western
8
Western Buffer
9
Eastern Buffer
10
Victoria Harbour
P1 – Phase 1
P2 – Phase 2
P3 – Phase 3

Figure 1: Hong Kong Water Control Zones.
Source: Environmental Protection Department, Hong Kong
Between 1987-1996, the Hong Kong Government designated 10 Water Control
Zones (WCZs) (Figure 1) under the Water Pollution Control Ordinance, WPCO
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Cap.358, with different Water Quality Objectives (WQOs) for each zone. Those
poorest water quality WCZs include the most shelter regions - Deep Bay Water
Control Zone and Tolo Harbour Water Control Zone, and the most urbanized
and densely populated area - Victoria Harbour Water Control Zone. A number
of WQOs in these zones are not met, and some of the examples are illustrated in
Figure 2-5. Most other WCZs are in a boundary situation, or with increasing
trend of pollution though not exceeding the WQOs (EPD 1987-98).
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Figure 2: Average E.coli level in Victoria Harbour WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note:
No applicable E.coli WQO for coastal waters of Victoria Harbour WCZ, the E.coli WQO
for inland waters in this WCZ, 1,000 count/100ml, can be taken as reference.
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Figure 3: Average inorganic nitrogen level Victoria Harbour WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note:
WQO of inorganic nitrogen level In Victoria Harbour WCZ is 0.4ppm.
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Figure 4: Average inorganic nitrogen level in Deep Bay WCZ between 1987-1998.
Source: Environmental Protection Department, Hong Kong.
Note:
WQO of inorganic nitrogen level in Deep Bay WCZ is 0.5-0.7ppm.
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Figure 5:

Average biological oxygen demand (BOD) level in Tolo Harbour WCZ between 19871998.
Source: Environmental Protection Department, Hong Kong
Note: No applicable BOD WQO for coastal waters of Tolo Harbour WCZ, the BOD WQO for
wastewater discharges in this WCZ, 3-5ppm, can be taken as reference.
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Poor marine water pollution brings numerous social and economic problems in
Hong Kong. Record of E.coli levels over a thousand count per 100ml seawater
are not uncommon (EPD 1986-1988; EPD 1990-1998; EPD 1987-98), making
swimming or eating local seafood a health risk. The frequent occurrence of red
tide also affects mariculture businesses. Eutrophication resulting from the high
nutrient level further deteriorates water quality, threatening marine life, and
destroying the amenity of Hong Kong coastal areas.
There are several factors accounting for the coastal water degradation in Hong
Kong. In the past few decades, Hong Kong has undergone dramatic economic
and population growth. This growth, however, was not accompanied with
proper policies, such as assurance of adequate sewage treatment facilities, to
prevent environmental degradation. The discharges of inadequately treated
sewage and industrial wastewater are the main contributors to the persistence of
poor water quality in Hong Kong. Hence, sewage treatment infrastructure is the
main tool of the government to improve the coastal water quality. Other factors
affecting water quality include livestock waste disposal and its lack of adequate
treatment or control, transboundary pollution from the Pearl River, and illegal
refuse dumping. While the factors mentioned above have been taken concerns
or being tackled by the government, one important factor - urban runoff
pollution, is still not receiving adequate attention.
Urban runoff pollution in Hong Kong
Urban runoff has been proved to be a main attributer of coastal water pollution
in many cities (Vladimir Novotny 1995). Yet in Hong Kong, awareness of this
potential problem is still weak. There is no strategic legislation or control over
this pollution factor. Relevant controls can be found in the “Technical
Memorandum on Environmental Impact Assessment Process” (EPD 1997),
which is under the Environmental Impact Assessment Ordinance, EIAO
Cap.499. It requires assessment of the impact of non-point source pollution on
the aquatic environment and a suggestion for mitigation measures before the
start of certain developments. Yet, apart from this, study of local urban runoff
pollution is rare. This is surprising considering the availability of a “Pilot Study
on Urban Stormwater Pollution” (EPD 1999) and several Environmental Impact
Assessment reports (Scott Wilson (HK) Limited 1998; Binnie Consultants
Limited 1997) which provide useful information showing the urban runoff
pollution status in Hong Kong. The findings of these studies are shown in Table
1.
By comparing the urban runoff findings with the industrial control standards of
effluents discharged into inland and coastal waters of Hong Kong (EPD 1991),
we can say that the urban runoff in Hong Kong is polluted. The quality of urban
runoff exceeds standards in a number of ways. These include E.coli level,
suspended solid, and biological oxygen demand (BOD). Chemical oxygen
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demand (COD), zinc level, and oil & grease level seem to be in the upper level
of acceptability. When comparing with the average urban runoff quality in
residential or commercial areas in the United States, the situation in Hong Kong
seems slightly better. Most urban runoff pollutants, especially suspended solid,
COD and heavy metals, are much concentrated in the United States, with the
exception of E.coli level which is much higher in Hong Kong.
There is no thorough urban runoff study in Hong Kong, making it difficult to
say precisely what the causes of urban runoff pollution are. One of the major
causes appears to be improper disposal practice including littering, disposal of
wastewater from restaurants to streets, washoff of market wastes such as
livestock faeces to storm drainage, etc. These practices, if as widespread as
believed, would significantly increase the pollutants level for such problems as
BOD and E.coli in urban runoff. Also, discharges from construction sites and
roads usually contain high levels of suspended solid, COD and heavy metals.
Other potential sources of contamination are fertilizers used in parks or gardens,
detergent from car or street washing, vegetable waste, etc. (WEF & ASCE
1998). Even though the sources of urban runoff pollution in Hong Kong are still
largely unmeasured, the activities which led to contamination of runoff are often
highly visible and widespread in Hong Kong. Hence, this marine water
pollution source should be studied carefully with the aim of identifying the most
appropriate target activities for control in the future.
Table 1: Effluent standards and urban runoff qualities in a few areas of Hong
Kong, and average urban runoff quality in the United States.
United
States(1)

Hong
Kong
Effluents
Standard
s(2)
/

Hong
Kong,
Tai Po(3)

Hong
Kong,
Tin Shui
Wai(3)

Hong
Kong,
Jordan
Valley
Nullah(4)

Hong
Kong, Tin
Shui Wai(5)

Land
feature

Residentia
l or
Commerci
al site

Suspende
d Solid
(ppm)

239

15-40(6)

40.5

46

56

148

BOD
(ppm)

12

10-40(6)

23

22.5

11.3

7

COD
(ppm)

94

50-85(6)

45.5

46

40.7

/

Total
Phosphor
us (ppm)

0.5

5

0.2

0.2

/

0.5

TKN
(ppm)

2.3

/

1.25

1.55

/

2

Mainly residential sites.
High impervious surface area (around 90%) with the
exception of Jordan Valley Nullah(7)
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Table 1: Effluent standards and urban runoff qualities in a few areas of
Hong Kong, and average urban runoff quality in the United States. (cont.)
United
States(1)

NO3+NO2
(ppm)

/

Hong
Kong
Effluents
Standard
s(2)
/

Ammonia
cal
Nitrogen
(ppm)

/

/

/

/

9.25

/

Total
Nitrogen
(ppm)

/

10-50(6)

/

/

/

/

Cu (ppb)

53

100

19

10.5

/

4

Pb (ppb)

238

100

<10

<10

/

2

Zn (ppb)

353

100

136.5

133.5

/

42

(6)

Hong
Kong,
Tai Po(3)

Hong
Kong,
Tin Shui
Wai(3)

Hong
Kong, Tin
Shui Wai(5)

0.25

Hong
Kong,
Jordan
Valley
Nullah(4)
/

0.57

/

Oil &
grease
(ppm)

/

10-20

14

<10

/

/

E.coli
(count/10
0ml)

27,000

1,0005,000(6)

3,300,00
0

2,200,00
0

78,000

42,000

Note:

(1) Average urban runoff concentrations for residential or commercial site in the United
States. Source: USEPA 1983.
(2) Standards of effluent discharged into inland and coastal waters of Hong Kong, the
discharge flow rate >5000 and <6000 m3/day is used. Source: EPD 1991.
(3) Source: EPD 1999.
(4) Source: Scott Wilson (HK) Limited 1998.
(5) Source: Binnie Consultants Limited 1997.
(6) The range is showing the differences of effluents discharge standards in different
WCZs.
(7) The catchment area of Jordan Valley Nullah mainly consists of undeveloped grassy
hill and densely populated residential area. Sampling waters were collected along the
residential area.

Conclusion
The poor coastal water quality in Hong Kong has prompted the Government to
take remedial measures, if successfully implemented these should be able to
alleviate the point source pollution impacts on the coastal waters in the coming
decade. However, without properly managing the nonpoint sources (including
the urban runoff pollution), the poor water qualities in coastal areas will
probably persist. The marine pollution problem should, therefore, be addressed
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by a more thorough policy, integrating management controls for point and nonpoint sources.
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WATER AND SEDIMENT QUALITY OF A MEDITERRANEAN SEA
COASTAL AREA CONTAINING UNDERWATER ARCHAEOLOGY OF
ANCIENT ALEXANDRIA,EGYPT
Osman Abdel-mottaleb El-Rayis
Alexandria University

The present paper describes the environmental conditions of an important
Mediterranean Sea coastal zone (the Alexandria Eastern-Harbor) that is holding
several of invaluable underwater archaeology of ancient Alexandria. The
historical physical and chemical characteristics of this coastal zone during two
important stages, before and after 1993, are reviewed. The year 1993 is the year
of blocking most of the sea outfalls of Alexandria Wastewater effluents that
were discharging to the Alexandria coasts and diverting them to an inland lake,
called Lake Maryout, South of Alexandria. A comparison is made between the
water quality of the present coastal area and that faraway an offshore deep-sea
area conducted during 1996.
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AIR DEPOSITION AND WATER QUALITY:
A PILOT TOTAL MAXIMUM DAILY LOAD FOR MERCURY
Ruth Chemerys & Randy Waite, U.S. Environmental Protection Agency

Coastal managers must consider atmospheric deposition when developing
strategies to address pollutants such as mercury and nitrogen. Total Maximum
Daily Loads (TMDLs) provide a framework to account for both air and water
pollutant loadings to a waterbody: a TMDL specifies pollutant reductions needed
to meet water quality standards, and allocates loads among sources. Challenges in
developing a TMDL with an air component include identifying the sources of
deposition, and determining management approaches to address air sources,
particularly sources outside an affected State.
To examine these questions, EPA began a pilot mercury TMDL for Devil’s Lake, in
Wisconsin, and a portion of the Florida Everglades. The project is a cooperative,
voluntary effort with the States of Wisconsin and Florida. Both waterbodies are on
their State’s list of impaired waterbodies and have fish consumption advisories due
to high mercury levels in fish. The project evaluated technical approaches that
might be used to determine mercury reductions needed to achieve water quality
standards, as well as mercury contributions from various source categories (e.g.,
combustion, manufacturing). The goal was to explore some of the issues States face
in developing TMDLs for waters impaired by mercury from air deposition, and to
share lessons learned.
TMDLs
The Clean Water Act Section 303(d) requires States to (1) identify and list
waterbodies where State water quality standards are not being met and (2) establish
“Total Maximum Daily Loads” for those waters. Total Maximum Daily Loads
(TMDLs) specify the maximum amount of a pollutant that a waterbody may receive
and still allow the waterbody to meet State water quality standards. TMDLs allocate
pollutant loads among pollution sources (e.g., point and nonpoint sources), and
include a margin of safety that accounts for uncertainty in the relationship between
pollutant loads and characteristics of the waterbody. The allocations for water
sources in TMDLs typically are implemented through existing Federal, State, Tribal,
and local authorities, such as point source discharge permits, federal land
management plans, State nonpoint source programs, and local zoning ordinances.
The Pilot Sites
The pilot sites were selected out of eight candidate sites based on a number of
criteria. A key selection criterion was State and EPA Regional support for the
project. Another was the availability of good water and atmospheric data on
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mercury to be used in calibrating and validating the models. The goal was to
examine what could be done using existing data and models. Data needs included
wet deposition data, ambient air data, water column data, and fish tissue
concentrations, including data collected with clean sampling techniques for
mercury. Despite interest from a number of States, the two pilot sites, Devil’s Lake
and Water Conservation Area 3A, best met the criteria.
Devil’s Lake is located in a small (2.6 square miles), mostly forested watershed near
Madison, Wisconsin, with no major tributaries and has no existing aquatic point
sources. The site is a seepage lake similar to other lakes in northern Great Lakes
region. The site has a consumption advisory for walleye (10-30 inches) due to
elevated levels of mercury and is on the State’s 1998 303(d) list of impaired
waterbodies. There are a number of facilities near Devil’s Lake that emit mercury,
including coal-fired power plants, boilers, and incinerators. There may also be
mercury deposition from regional and national sources.
Water Conservation Area (WCA) 3A is a roughly 700-square mile portion of the
Everglades located about 30 miles west of Fort Lauderdale, Florida. WCA 3A is on
the State’s list of impaired waterbodies due to high levels of mercury in largemouth
bass and other fish. Approximately 1 million acres of the Everglades system contain
fish with elevated mercury - an average of 1.5 parts per million - which exceeds
health-based standards. Within the TMDL pilot study area, there are a small
number of local sources of mercury, including municipal solid waste incinerators,
medical waste incinerators, and oil-fired utility boilers.
Technical Approach
One of the goals of the project was to examine technical issues encountered in
developing a TMDL for waterbodies impaired by air deposition, and in particular,
how to “link” or integrate the results of water and air modeling. “Linking” the air
and water components was a real-time linkage of the models but rather an iterative
process of coordination and data exchange between the air and water modelers.
Existing or near-final models were used for these analyses.
For both pilot sites, the Mercury Cycling Model (MCM) was used to examine
reductions in mercury loadings needed to meet water quality standards (expressed
as levels of mercury in fish). The MCM was run under various mercury loading
scenarios to demonstrate the response of mercury levels in fish to changes in
loadings, and how long it would take to achieve standards under different scenarios.
The model predicts the transport and fate of divalent mercury, methylmercury, and
elemental mercury in lakes. In an effort outside the pilot project, the model was also
adapted for use in the Everglades. Model compartments include the water column,
sediments, atmosphere, watershed, and a six-level food chain.
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On the atmospheric side, different modeling approaches are being used in the
Florida and Wisconsin pilot. For the Florida pilot, the modeling focused on
deposition from local sources (within Florida) only, because of uncertainties in the
global contribution of mercury to South Florida. For Wisconsin, the approach is
to examine the contributions of sources within the State relative to sources outside
the State.
For Florida, a model under development by the University of Michigan was used to
determine monthly estimates of wet and dry deposition for the pilot study area,
WCA-3A, using meteorological data aggregated from a one-year period. The model
was used to evaluate the significant sources of mercury within the pilot study area.
The “baseline” model run estimated deposition using the EPA 1990 toxics
emissions inventory. Additional model runs or “scenarios” used the same
inventory but substituted more recent (1995) emissions data available for two
facilities in South Florida.
For Wisconsin, a regional model, the Regulatory Modeling System for Aerosols and
Deposition (REMSAD), is being used to provide wet and dry deposition rates for
mercury over the United States. REMSAD provides deposition rates on a 36-60
kilometer grid, with finer resolution (12-20 kilometers) over the pilot study area and
other selected areas of the U.S. We are using the 1996 criteria and toxics emissions
inventories. A “tagging” approach is being used to identify the mercury deposition
from various source categories within the State, as well as the contribution of
mercury from States outside Wisconsin.
Initial Findings and Lessons Learned
Results from the water modeling for the Florida pilot indicate that fish tissue levels
of mercury would respond in a linear manner to reductions in mercury loadings. At
first, fish tissue levels would decrease rapidly in response to a reduction in loadings,
with most of the reduction occurring within about 20-25 years. Further reductions
could take a much longer period of time (hundreds of years), as deeper sediments
may continue to be a source of mercury. The amount by which estimated deposition
would need to be reduced depends on the deposition rate predicted by the
atmospheric model. Initial water modeling results for Wisconsin are similar to those
for Florida; however, the atmospheric modeling for the Wisconsin pilot will continue
through the end of 2000.
Despite the relatively good data availability for the pilot sites, the findings still need
to be examined in the context of a number of uncertainties and data gaps. Water
quality managers will need to determine an appropriate margin of safety to account
for these uncertainties when making decisions regarding pollutant load reductions
specified in TMDLs.
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One of the greatest limitations is the availability of emissions speciation data. Data
on the emissions of mercury from various sources or source categories, particularly
the chemical species of mercury, will greatly affect the deposition results from the
models. Mercury can be emitted either as elemental mercury or as oxidized divalent
mercury. Elemental mercury can be transported long distances, while divalent
mercury is more likely to be deposited near sources. The atmospheric models used
in the pilot project rely on emissions inventories or databases. Such databases
currently contain estimated percentages of each species of mercury emitted by a
particular source or source category. There have been tests on only a few facilities
to determine the actual speciation percentages. The Florida pilot showed that
changing the emissions data for only two facilities could have a large effect on the
deposition estimates.
Another limitation is air and water monitoring data. Again, the pilots sites were
selected because of the relatively good availability of atmospheric deposition and
water quality data for mercury compared to other sites considered. The air and
water modeling both depend on deposition and water quality data to calibrate and
validate the models. For other locations, the Mercury Deposition Network
monitoring sites may provide data on wet deposition, although there are few
monitoring stations in the central/western U.S. at this time. Similarly, only limited
water quality data for mercury is available for many waterbodies, particularly data
collected using clean sampling techniques. Other uncertainties that affect the water
modeling results in Florida include the effect of the sulfur cycle on mercury cycling.
These data limitations and uncertainties pose challenges for other sites where
TMDLs must be developed.
Coastal managers can play a role in addressing some of the data needs for TMDLs
and other water quality management decisions. For example, managers can continue
to facilitate communication between air and water modelers and technical staff, and
articulating data and modeling needs. Likewise, state coastal managers can maintain
a dialogue between their state water and air program managers regarding
management approaches for addressing air deposition.
Perhaps the greatest lesson from the pilot project was related to coordination
between air and water modelers, as well as between water and air program managers.
In the modeling phase of the project, one of the challenges was communication
between the air and water modelers regarding their respective data needs. Another
challenge was data exchange itself, and understanding how to use data (e.g.,
emissions inventories) that was not collected specifically for use in TMDLs or water
quality management. Nonetheless, despite scientific uncertainties and data
limitations, the pilot project demonstrates the potential to use both air and water
data and modeling results in the context of water quality management decisions, i.e.
TMDLs. On the management side, determining how the air and water programs can
jointly address mercury emissions is currently ongoing in the policy phase of the
pilot project. TMDLs provide a framework for addressing water quality impairments
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due to air deposition, but solutions will involve approaches that cross air and water
program boundaries.
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INFLUENCE OF CLIMATIC AND OCEANOGRAPHIC PROCESSES
ON FORMATION OF COASTAL SUBWATER LANDSCAPES AND
CONDITION OF BOTTOM COMMUNITIES
(CRIMEA, THE BLACK SEA)
Alexei Petrov and Vladimir Shalyapin Institute of Biology of the Southern Seas
(IBSS), Academy of Science of Ukraine

Underwater landscape mapping is one of the principal parts of studies aimed at
monitoring of coastal marine environment and evaluation of state of bottom
communities impacted by different abiotic factors. Complex large-scale
subwater landscape/ecological investigations have been made in 1993-96 along
the coastal zone of SW Crimea (the Black sea) at 0-40 m depth. The effect of the
hydrological regime of this area on the role of breeze effect, more expressed
within the warm season, is very significant; as a result, wind recharged twice a
day. Significant daily alterations in spatial structure of currents induced by
winds define the unsteadness of thermocline structure mostly revealed in the
early summer period, when the upper boundary of autumn thermocline (1114oC) surfaced in near-shore zone. Such fluctuations impact on water
transparency, concentration of phyto-and zooplankton, oxygen regime of nearbottom water layer, general status of phyto- and zoobenthic communities. To
distinguish and differentiate landscape facies, the data on hydrodynamics,
seabed microrelief and slope, grain-size structure of soft-bottom substrate as
well as quantitative characteristics of phyto- and zoobenthos were used.
Peculiarities of the spatial pattern of underwater landscapes and changes in
bottom communities were represented as a result of hierarchical interrelation
between the following principal landscape-forming components: meteorological
regimen --> hydrodynamic activity --> grain size structure of sediments -->
physico/chemical properties of the upper layer of bottom substrate, including
content of pollutants --> quantitative indices, feeding structure and biodiversity
of bottom communities. As a result, 7 different bottom landscape facies were
distinguished. In the shallow (2-8 m depth) water areas with maximum
hydrodynamic load (current velocities fluctuated from 0.35 to 0.60 m/s) no
hydromobile substrates were found. There the facies geomorphology are
represented by cliff and rocks sloping down into the sea at 8-14o and covered by
brown algae Cystoseira. There are fauna of sessile ectobionts (mussels)
developed. Within 10-15 m depth, the steepness of the underwater slope reduced
to 4-7o . The force of storm, which affects the subwater slope, and the velocity
of wind currents decrease with depth (0.12- 0.23 m/s) and increase in
accumulation of coarse-sand fractions. The mosaic pattern of bottom grounds,
from pebbles and large-shell debris to fine sand, promotes development of
specific landscapes with high diversity in the benthos of such groups as mobile
predatory ectobionts (gastropods and crustaceans) and less abundant sessile
filter-feeders. Bottom areas with sandy and silty grounds were covered by
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meadows of eealgrass Zostera marina and Z. noltii . Below 16-18 m depth,
where the steepness of underwater slope does not exceed 1-2o and velocity of
near-bottom currents 0.03-0.05 m/s, a fine sand factions with admixture of shell
debris and silt prevail. Phytobenthos is scarce due to reduced substrate and solar
illumination. In zoobenthos endobenthic suspension-feeders, epibenthic mobile
deposit-feeders and predators dominate. Comparative temporal analysis of
landscapes patterns and biota conditions has manifested that the unwelcomed
changes appear due to anthropogenic eutrophication of water masses,
hydrotechnical construction and other human activities in the near shore zone.
As a result, about 15% of coastal rocky substrates covered earlier by brown
algae and mussel communities have been destroyed during reconstruction of
coastal belt and replaced by cenoses wherein indicators of eutrophication (green
algae) prevail. General taxonomic composition of soft-bottom macrobenthos
also reduced and degradation of species sensitive to eutrophication and pollution
has been observed. The large-scale mudding leads to expanded bottom areas
covered with seaweed growth: for the recent 4 years, areas under eelgrass
Zostera enlarged two-fold. Growth of seaweed area contributes to more
intensive accumulation of organic matter in such sites and formation of
unfavorable oxygen conditions. This phenomena lead to appearance of grey H2S
- patches on the ground surface and degradation of benthic assemblages
associated with meadows of eelgrass. The results obtained can also be used for
working out ecological maps of coastal bottom communities under
anthropogenic impact .
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ABSTRACT

A PILOT MARINE PROTECTED AREA:
RACE ROCKS, BRITISH COLUMBIA
Marc Pakenham, Community Advisor, Fisheries and Oceans Canada
Keywords: marine protected areas, Canada, biological diversity, endangered species

There is much to be learned when theory becomes practice and, so it is with
Canada's fledgling Marine Protected Areas (MPA) initiative. By identifying a
few selected areas as pilot Marine Protected Areas, policy and principle are
tested through the reality of evolving partnerships and public consultation.
Race Rocks is located 17 km. southwest of Victoria, British Columbia (B.C.),
approximately 1.5 kilometres off the extreme southern tip of Vancouver Island
and at the eastern end of the Strait of Juan de Fuca on the Pacific Ocean. It is
almost entirely subtidal, but includes nine islets, one of which is the site of a
historic Coast Guard lighthouse. As a transition zone between the Pacific Ocean
and coastal waters, the area is renowned for its exceptional diversity of marine
life, including marine mammals, birds and fish.
The area's significance was reinforced when it was designated under British
Columbia's Ecological Reserve Act in 1980. Local communities have long
recognized the importance of the Race Rocks area. Lester B. Pearson College of
the Pacific has provided tremendous support in preserving the area and, with
B.C. Parks, produced a draft management plan for Race Rocks Ecological
Reserve in 1998. Under Canada's Oceans Act, Race Rocks was recommended a
pilot Marine Protected Area in September 1998. Fisheries and Oceans Canada
and B.C. Parks are developing a joint action plan that includes renewed
consultation, cooperative management and key strategies.
Pilot MPA's will provide a learning opportunity and a test-bed for different
applications of identification, assessment, legal designation and management.
Throughout the MPA pilot process, opportunities will be provided for public
review and input. When the evaluation process is complete, formal designation
may or may not occur, depending on the outcome of consultations with
communities, First Nations, stakeholders and public.
The challenges are formidable. Inclusivity, fair representation of interests, issues
of marine ecosystem health and new partnerships all require a delicate balance.
The signs are encouraging. Canada's pilot Marine Protected Areas' initiative is
charting new waters.
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DESIGNING EFFECTIVE MARINE PROTECTED AREAS: INSIGHTS
FROM POLITICAL SCIENCE THEORY
Michael B. Mascia, Duke University Marine Lab

Marine protected areas (MPAs) are a critical component of local, national, and
international marine conservation policies. Many MPAs fail to meet their policy
objectives, however, because of flaws in the governance regimes that structure
access to and use of MPA resources. Despite widespread recognition that
governance variables can have a dramatic impact on human behavior and,
accordingly, the efficacy of MPA governance regimes (e.g., Agardy 1997; van't
Hof 1994; White et al. 1994), little research has explicitly explored the
relationship between governance variables and MPA performance (but see
McClanahan et al. 1997). As a result, policy prescriptions for the development
of more effective MPA governance regimes generally remain limited to personal
observations and experiences rather than theoretically framed scientific
investigation and analysis (e.g., Carter et al. 1994; van't Hof 1994). However,
just as biological research provides insights into the biophysical aspects of
effective MPA design (e.g., size, shape, selection criteria), social scientific
theory and hypothesis testing can inform the policy process by providing a
framework for the development of effective MPA governance regimes.
This study attempts to develop a theory of MPA governance, in order to improve
marine conservation policies and facilitate the establishment of more effective
MPAs. To this end, sociopolitical “design principles” hypothesized as necessary
for sustainable resource governance were tested in a comparative case study
analysis of Wider Caribbean MPAs (see Table 1; Ostrom 1990, 1998). These
design principles, derived by political scientist Elinor Ostrom from metaanalyses of hundreds of resource governance regimes, have proven robust across
cultures and resource systems. Consistent with the research design criteria
developed by Ostrom (1990, p. 27), three MPAs (Exuma Cays Land and Sea
Park, Bahamas; Barbados Marine Reserve, Barbados; Hol Chan Marine
Reserve, Belize) were selected for in-depth analysis. Quantitative and qualitative
measures of governance variables (e.g., degree and type of stakeholder
participation) and biological and socioeconomic performance indicators (e.g.,
change in species abundance, change in user income) were collected using
standard anthropological field methods and sampling techniques.
Data
collection methods included formal and informal interviews, document analysis,
observational methods, focus groups, and participatory mapping exercises. Data
were triangulated (cross-checked and synthesized across sources and research
techniques) to provide richer detail and more robust measures of key variables.
Indicators of MPA performance were correlated with governance variables to
test Ostrom’s design principles and determine their utility as a framework for the
design of effective MPA governance regimes.
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Results of this research are generally consistent with theoretical predictions.
The Hol Chan Marine Reserve, which satisfied Ostrom’s design principles, is
characterized by increases in the abundance and biomass of indicator species,
and a reduction in physical damage to corals, as well as increases in the income
and welfare of local users and an equitable distribution of costs and benefits.
The Exuma Cays Land and Sea Park and Barbados Marine Reserve—MPA
governance regimes not consistent with Ostrom’s design principles—are
characterized by poor or sub-optimal biological performance (increase in
indicator species, poaching of commercially valuable organisms, chronic and
acute impacts on corals) and poor socioeconomic performance (decreases in the
income and welfare of local users, skewed distribution of costs and benefits).
Moreover, MPAs inconsistent with Ostrom’s design principles were “fragile” at
the time that this research was conducted, as individuals actively sought to
formally restructure or eliminate these conservation regimes.
Though this research needs to be replicated, these findings strongly suggest that
marine conservation policies could be significantly improved by designing MPA
governance regimes consistent with the theoretically based, empirically
grounded framework presented here. This study also demonstrates the
importance of social scientific inquiry to conservation efforts, and presents
scientists with new avenues for research that can inform the policy process.
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CLEARLY DEFINED
BOUNDARIES

Individuals or households with rights to withdraw
resource units from the common-pool resource and
the boundaries of the common-pool resource itself
are clearly defined.

CONGRUENCE

A. The distribution of benefits from appropriation
rules is roughly proportionate to the costs
imposed by provision rules.
B.

Appropriation rules restricting time, place,
technology, and/or quantity of resource units
are related to local conditions.

COLLECTIVE
CHOICE ARRANGEMENTS

Most individuals affected by operational rules can
participate in modifying operational rules.

MONITORING

Monitors, who actively audit common-pool
resource conditions and appropriator behavior, are
accountable to the appropriators or are the
appropriators themselves.

GRADUATED SANCTIONS

Appropriators who violate operational rules are
likely receive graduated sanctions (depending upon
the seriousness and context of the offense) from
other appropriators, from officials accountable to
these appropriators, or both.

CONFLICT RESOLUTION
MECHANISMS

Appropriators and their officials have rapid access
to low-cost, local arenas to resolve conflicts among
appropriators or between appropriators and
officials.

NESTED ENTERPRISES (For
common pool resources that
are part of larger systems)

Appropriation, provision, monitoring, enforcement,
conflict resolution, and governance activities are
organized in multiple layers of nested enterprises.

Figure 1. Ostrom’s “design principles” for resource governance regimes.
(Source: Ostrom, 1998, adapted from Ostrom, 1990, p. 90.)
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ABSTRACT

ARE MARINE PROTECTED AREAS A PANACEA FOR THE
NATION'S FISHERIES ?: SOCIO-ECONOMIC AND FISHERIES
POLICY CONSIDERATIONS
Michael Murphy, Policy Specialist, National Oceanic and Atmospheric
Administration

Over the last several years, policy makers and various constituent groups have
proposed to site large-scale marine protected areas or "no-take" zones from
Florida to California. Marine protected areas (MPAs) are viewed by some as the
last hope for our Nation's depleted fisheries. While small-scale (> few square
miles) MPAs have been in use for some time, the scientific principles which
proponents use as a justification for MPA implementation remain an elusive
concept for most stakeholders. Fear of the scientific "unknown" can prevent
acceptance of MPAs by affected stakeholders. In addition, there are many socioeconomic and fisheries management issues that can affect the successful siting,
implementation, and the long-term determination of a MPA's effectiveness.
Stakeholder groups that rely on extractive practices (commercial and
recreational fishers and divers) have generally opposed MPAs because of the
real and perceived economic costs. Individuals with no vested economic interest
in a fishery may also oppose MPAs because there "rights" to fish will be
restricted. MPAs are a viable tool for conserving fish populations and ecological
diversity within a respective MPAs boundary. However, a MPAs success at
conserving fish population and maintaining the affected stakeholders economic
vitality is also contingent on State and National fisheries management policies.
Fishery managers must also find ways to reduce the overcapitalization and
disincentives to conserve for MPAs to be a more viable management tool.
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THE USE OF ECOLOGICAL RISK ASSESSMENTS IN A WATERSHED
LEVEL CONTEXT
Thorne E. Abbott, CoastalZone.com
Abstract
Watershed level risk assessment integrates ecological risk into watershed
management. The approach considers the total risk to an aquatic ecosystem and
the relative contribution of contaminants of potential concern. This paper
considers the development of the approach and offers environmental managers a
method to consider the probability of adverse ecological impacts while
incorporating social and economic considerations.
Introduction
Recent regulatory initiatives support the use of probabilistic ecological risk
assessments at the watershed level. This offers environmental managers a
method to consider the probability of adverse ecological impacts while
incorporating social and economic considerations. The approach considers the
total risk to an aquatic ecosystem and the relative contribution of individual
contaminants of potential concern. The assessment is more holistic in its
approach than traditional methods as it includes stakeholders in the decisionmaking process. The process emphasizes place-based, resource-oriented
solutions, rather than the more historic programmatic solutions to environmental
degradation. By applying a multi-tiered approach, managers can focus resources
on characterizing uncertainties and thereby reduce data acquisition costs.
Intrinsic to this approach is the explicit use of uncertainty in weighing competing
options. By incorporating sources of uncertainty, alternative strategies can be
viewed relative to their overall impact on ecosystem health and socio-economic
well being.
Throughout history humankind has gravitated to water bodies for drinking water
and to support agriculture, transportation, and the removal of wastes. It was not
until the mid-nineteenth century that the understanding of relationships between
water resource use and human health developed. As anthropogenic wastes enter
the environment, natural process such as dilution, biological conversions, and
chemical reactions convert wastes to more benign forms of organic matter and
disperse this matter throughout the water body. As urbanization increased and
aquatic resources became more intensively used, mankind had to initiate
alternatives to nature's assimilative processes. So was born environmental
engineering, the science of amplifying and optimizing nature's self-cleansing
principles via pre-designed processes to treat larger volumes of wastes more
rapidly than nature itself.
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By the mid-1900’s many metropolitan areas in the United States had collection
and treatment systems in place for handling wastewater from anthropogenic
activities. These systems provided primary treatment of wastewater by screening
out large contaminants and allowing suspended solids to settle in clarifiers. With
the passage of the Clean Water Act (CWA) in 1972 most cities were required to
implement secondary treatment. Secondary treatment increases the removal of
suspended solids and nutrients, and oxygen is injected into the effluent to deter
anoxic conditions (i.e. Biological Oxygen Demand sag) in the receiving waters
(Peavy, 1985). Residual solids are stabilized and converted to Biosolids and
Chlorine or ultraviolet irradiation can be used as a disinfectant. The significantly
cleansed wastewater is then discharged into waterways as effluent. These point
sources are regulated under the National Pollutant Discharge Elimination System
(NPDES). Permits are used to control the amount and quality of effluent
discharged into receiving waters.
Regulatory agencies such as the
Environmental Protection Agency (EPA) control permitting to ensure that
effluent discharges do not exceed the assimilative capacity of the waterway.
Managers can use the numeric limits contained within the permit to model
anthropogenic inputs into waterways and control discharges to ensure that a
water body's assimilative capacity is not exceeded.
Twenty-five years after the passage of the CWA there has been dramatic
improvement in our Nations waterways. Over half of the Nations rivers are now
clean enough to support a rich diversity of organisms and ecological
communities (Butcher and Creager, 1997). However, fully 35% of the Nations
waters have not achieved the first two of three broad goals stated in the CWA: to
have “fishable, swimmable, drinkable” waterways (Omenn, 1997). Why then,
after the largest investment in wastewater treatment facilities (estimated at $67
billion), the imposition of significant point source discharge limitations
(NPDES), and some of the most stringent water quality standards in the world,
have we not succeeded at restoring our Nation’s aquatic ecosystems?
Leading scientists suggest that in addition to point sources, non-point source
pollutants and physical alteration of aquatic resources has led to ecosystem
dysfunction (Patton, 1992). Adverse ecological effects often encompass a wide
range of disturbances, ranging from mortality of a species to losses in ecosystem
function. In the past, compliance with water quality standards and effluent
discharge limits was determined without incorporating the magnitude of the
impact or the inherent uncertainty of the impacts. Models of predicted impacts
discounted uncertainty to an extent that predicted information (model outputs)
often seemed more precise than they actually were (i.e. zero variability).
Consequently, managers made decisions that neglected consideration of the
uncertainty in predicted outcomes, as well as the economic and social costs of
meeting more stringent discharge standards and limits. Growing limitations have
been placed on public resources for wastewater treatment, and agencies must
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now compete for more limited financial resources. In light of reduced public
resources, increased costs for meeting more stringent discharge limits, and
reduced correlations between point source controls and improved ecosystem
health, a new paradigm was needed. Environmental managers needed a more
flexible problem solving approach that could link ecological measures and data
with the decision-making needs (Seveiss, 1997).
Ecological Risk Assessment Methodology
In 1992, the EPA began discussions to develop tools that more appropriately
incorporated the need to control point, non-point, biological, and physical
sources of stress on aquatic ecosystems. These discussions led to the
development of a “Framework for an Environment Risk Assessment (ERA)”
(Patton, 1992). The ERA “evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of exposure to one or more
stressors” (U.S. EPA, September 1996). The ERA provides managers with
predictions of what ecological changes will occur from stressors associated with
alternative decisions. The intent of an ERA is to determine what ecological
resources are at risk, what stressors are involved, and how best to protect those
through management action (Seveiss, 1997). The ERA includes three primary
phases: problem formation, analysis (of contributing stressors), and risk
characterization (Figure 1). The results are compiled into a readable,
understandable, working document.
The problem formulation phase identifies goals and assessment endpoints.
Assessment endpoints are explicit expressions of the environmental value being
protected. These endpoints reflect ecologically and socially relevant outcomes
that incorporate societal and economic values. The problem formulation links
anthropogenic activities with stressors by identifying exposure pathways,
ecological effects, and ecological receptors such as sensitive species, populations
or communities. The process uses a non-statistical hypothesis of what stressors
are causing problems and their effect (NRC, 1993; Gerritsen, 1997). The
process results in a diagrammatic model that indicates stressor pathways and
sources of uncertainty.
The analysis phase evaluates exposures and establishes the relationship between
stressor levels and ecological effects (Figure 1). The analysis also ensures that
data needed for decision-making is scientifically credible. Profiles are
developed which characterize the exposure and the ecological effects of
chemical, biological, and physical stressors (Figure 3). The two profiles,
exposure and ecological effects, may consist of documents or modules.
The exposure profile characterizes the sources, distribution (spatial and
temporal), and exposure intensity of stressors and their contact with ecological
receptors (Figure 1). It describes ecological receptors and the spatial and
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temporal pathways of receptor exposure. The ecological effects profile
characterizes stressor-response relationships and causality. In describing
stressor-response relationships, effects are considered at the species, populations,
communities, ecosystems and landscape levels (Figure 3). In considering the
evidence of causality, the profile describes the nature and intensity of ecological
effects and the time scale for recovery. The characterization includes
appropriate endpoints as determined by the problem formulation phase, any
uncertainties in the analysis, and the sources of these uncertainties (Figure 3).
The risk characterization phase estimates the risk involved by integrating the
exposure and the ecological effects profiles (Figures 1, 4). This phase describes
and interprets risk through lines of evidence. Agreement among different lines
of evidence increases the confidence of the risk estimates. The characterization
illustrates evidence supporting and/or refuting risk estimates and interprets
adverse effects on the assessment endpoint. The profile describes the nature and
intensity of effects, the spatial and temporal scales of the effect, and any
recovery potential.
The three phases are synthesized into a cogent report. The report should
highlight the strengths, limitations, assumptions, nature, and source of major
uncertainties and should provide lines of evidence characterizing risks. The
report consists of: 1) a review of the conceptual model and assessment
endpoints, 2) the major data sources and analytical procedures, 3) stressorresponse (ecological effects) and exposure profiles, 4) a description of
assessment endpoints including risk estimates and adversity evaluations, 5)
major areas of uncertainty and the approaches to address these uncertainties, 6)
assumptions used to bridge informational or data gaps, and 7) a description of
the total risk to ecosystem health and integrity. The goal is to ensure that
ecological concerns are addressed with good science and that the information
provided is relevant to a decision.
The Watershed Approach
The Watershed Approach (WA) is driven by two principal issues: increased
interest in improving ecosystem management, and budgetary constraints forcing
greater inter-agency cooperation (Stakhiv, 1996). The inclusion of stakeholders
in the ERA process fits well with the Watershed Approach to environmental
planning and management (Figure 2)(Clements et al., 1996; Butcher and
Creager, 1997). In recent years, the EPA has placed increased emphasis on
community participation and more place-based approaches to environmental
management (Seveiss, 1997; Stakhiv, 1996). This represents a fundamental
change from traditional single media-based approaches of regulation and creates
considerable support for the treatment of ERA’s within a watershed scale
(Stakhiv, 1996).
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Intrinsic to the ERA process is the concept of scaling. In order to appropriately
ascertain risks and incorporate multiple stressors, managers must consider the
scale at which stressors occur. When placed in the context of a watershed the
ERA process: 1) clearly describes the ecological resources at risk, 2) defines the
value of those resources via stakeholder involvement, 3) determines the costs of
protecting, or not protecting resources, 4) explains the degree of confidence in
predictions, 5) provides a rationale and ownership in management decisions, and
6) highlights options and areas for reducing uncertainty in the final decision
chosen.
Probabilistic Watershed Level Risk Assessments
ERA’s can be adapted and incorporated into the WA to form a probabilistic
Watershed Level Risk Assessment (PWLRA). Studies in 1997 by Butcher and
Creager indicate that the WA (Figure 2) is entirely consistent with the general
framework for an ERA (Figure 1). These studies indicate that the WA is
resource centered rather than program centered, as is the current NPDES
permitting process. Recent regulatory initiatives, like the use of Total Maximum
Daily Loads (TMDLs), also support the use of ERA’s within the WA as the
process focuses on resource and place-based solutions rather than a
programmatic resolution to environmental concerns (Table 1). PWLRA
involves evaluating of the needs of the area's inhabitants, the system
requirements of the natural environment, and meeting regulatory constraints in
light of limited technical and financial resources. Given an understanding of
uncertainty at the watershed level, management decisions can be made in the
context of holistic considerations, such as social and economic considerations
(Butcher and Creager, 1997).
Uncertainty arises from two issues: the variability in a parameter (i.e. precision),
and lack of knowledge regarding the parameter and its interactions (i.e.
accuracy). These two concepts should be identified and distinguished in any risk
assessment. Additional study and data collection may characterize variability
better, but it may not eliminate its existence altogether. In contrast, lack of
knowledge may or may not be better described with further study, and it may or
may not contain inherent variability. Assessment activities need to qualify and
quantify both the "sources of variability" and the "true uncertainties" involved in
any ERA. It is imperative that the full scope of what is known and how certain
that knowledge may be is made apparent to decision-makers and stakeholders.
Unfortunately, zero risk does not exist and never will in total, however the
hazards of risk are very real and tangible.
Although uncertainty and its sources may never be fully quantified and or
qualified, the PWLRA process can provide sufficient knowledge to make an
informed educated decision. Correspondingly, the PWLRA should be viewed
fundamentally as a political process involving tradeoff’s (and therefore
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stakeholder involvement) rather than a purely scientific exercise of eliminating
uncertainties to increase accuracy (Hrudey, 1997). The explicit inclusion of
uncertainty separates the PWLRA from other forms of assessment (Bailey et al.,
1997; Bradbury, 1996). By including the uncertainty of input parameters
through simulation, the probability of predicted outcomes can be better
quantified and qualified (Parkhurst et al., 1995). When the amount of risk
involved is known alternative planning strategies can be viewed more
appropriately.
A Multi-Tiered Approach to PWLRA’s
Recently, the EPA approved a new method for performing a PWLRA (Parkhurst
et al., 1996). The methodology consists of three iterative tiers and achieves
increasingly rigorous, detailed, and relevant analysis (Table 1, Figure 6). The
approach minimizes data acquisition costs and allows decision-makers to focus
on the most relevant stressors and ecological receptors within a watershed
(Parkhurst et al., 1995).
Tier One is a screening level risk assessment. Tier 1 is designed to be the most
cost-effective, environmentally protective, scientifically conservative step in the
PWLRA process. Tier 1 identifies potentially significant risks by eliminating
those stressors posing negligible risk to the environment. Tier 1 can also be used
to rank the potential ecological risks, stressors, and those receptors with the
greatest (or least) risk. Tier 1 results in a ranked list of stressors of potential
concern and ecologically sensitive receptors.
Tier Two quantifies these risks using existing data. The second tier is
probabilistic and quantitative, estimating the risk posed by the stressors of
concern and more accurately defines the risk posed by these stressors. The data
used in Tier 2 better reflects actual field conditions and is more sophisticated and
comprehensive than the conservative estimates used in Tier 1. The uncertainties
surrounding estimates of exposure and ecological effects, including the
uncertainties in the resultant risk estimates, are identified and defined. The
stressors included in the Tier 2 either have an established level of risk or need
additional data due to uncertainty created by insufficient site-specific data.
Those stressors with an established level of risk (from Tier 2) should be
managed through the decision-making process.
In Tier Three, uncertainty of the remaining stressors are characterized and
described under site-specific conditions. The stressor is evaluated as it relates to
ecological receptors within the watershed or the ecological resource that requires
protection. This site-specific monitoring and data collection technique can
reduce uncertainty and data acquisition can be tailored to quantify the specific
stressor of concern, rather than a more generalized data collection strategy.
Moreover, management of Tier 1 & 2 stressors can begin while more site451

specific data and monitoring for Tier 3 stressors is underway. This process can
significantly reduce the time and costs associated with qualifying and quantifying
uncertainties, and it’s sources, within the watershed. By using site-specific
parameters the uncertainty of risk estimates can be reduced to a level that an
informed, educated decision can be made (Parkhurst, Paulson, 1996).
Discussion
Several PWLRA case studies being reviewed by the EPA incorporate a wide
array of stakeholders (individuals, communities, environmental organizations)
and indices of community, habitat, landscape, and ecosystem qualities. The
watersheds include the Snake River, the Middle Platte River, Waquoit Bay, and
Big Darby Creek (Butcher and Creager, 1998). Initial research focused on the
regulatory, inter-agency, legal, and logistical frameworks by which assessments
could be applied on a watershed scale. The research identified avenues that
support, or constrain, the application of risk assessments to aquatic ecosystems at
the watershed level. For example, the Tampa Bay and Galveston Bay Estuarine
Protection programs utilized a Watershed Approach that included multiple
stakeholders in the process. Both of these programs were highly effective at
achieving their intended goals of identifying high-priority environmental
problems and instituting actions to ameliorate these problems (Omenn, 1997).
Although the application of risk assessments at the watershed level is consistent
with the intent of current regulatory paradigms (i.e., CWA), Butcher and Creager
(1997) have identified a number of constraints and pitfalls that can readily
entangle the process. Appropriately, the Presidential/Congressional Commission
on Risk Assessment and Risk Management recommended that the CWA be
amended to establish a comprehensive, integrated watershed approach (Omenn,
1997). The Commission acknowledges that risk assessment provides useful
information for making decisions about the best ways to control water pollution
and protect human and ecological health. However, they indicate that ERA is
not yet likely to afford adequate descriptions of risks to complex aquatic
systems. They state that “…as an emerging tool, ERA has not yet reached the
level of sophistication and reliability necessary to support its use as the primary
determinant of effluent limits based on water quality” (Omenn, 1997). ERA's
can help establish water quality criteria and effluent limits. However, they
should not supplant technology and water quality based approaches for reducing
pollutant discharges and protecting water quality. With the advent of TMDL's as
a regulatory paradigm, it may be prudent to consider PWLRA as a new tool for
establishing loadings, reducing uncertainties, and generating alternative
management plans and scenarios for the decision-making process.
During a recent meeting of leaders in the water quality field, a consensus was
reached that nearly half of future research initiatives in water quality should
consist of elements reflective of watershed level interactions (WERF, 1997).
The group suggested that PWLRA's should play a leading, if not majority role, in
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future watershed research initiatives. Clearly, PWLRA's will play a significant
role in future environmental planning and management actions.
Correspondingly, there is a clear and pressing need for research into the
application of ecological risk assessments, including probabilistic risk
assessments, at the watershed scale.
This paper discussed alternative means of improving ecosystem health through
the use of probabilistic watershed level risk assessments. PWLRA's are
consistent with watershed and place-based planning approaches. Moreover, the
use of a multi-tiered process can provide opportunities to compare alternative
strategies in light of overall improvements in ecosystem health. The PWLRA
allows environmental managers to consider competing needs and desires while
incorporating socially and economic based considerations. Probabilistic
watershed level risk assessments are supported by current regulatory initiatives,
offer reduced costs of data collection and monitoring through a multi-tiered
process, and provides States and local stakeholders with a meaningful voice in
the decision-making process.
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Table 1: Multi-Tiered Methodology
PWLRA

COPC

Source

Method

Data

Species
Effected

Certainty

Tier #1

Zinc

Industry

95%

Chloride

Unknown
Natural

0.002 /
10.0 <
1.00
0.003 /
15.0 <
1.00

5%

Tier #2

25%

95%

15%

Tier #3

Habitat
Disturbance
Habitat
Disturbance

Channel
Dredging

EEC /
COC =
Quotient
Eco.Risk
Criteria /
COC =
Quotient
BASINS

Cumulative
Effect
5%

Site
Specific

20%

70%

70%

Site
Specific

40%

85%

90%

Tier #3

Dams /
Weirs
Low
Flows

Sampling
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Figure 1(-2): Framework for Ecological Risk Assessment (Patton, 1992)
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Figure 2: The Watershed Planning Approach (Butcher and Creager, 1997).
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Figure 3: Exposure and Ecological Effects Profiles (Parkhurst et al., 1995, 1996)
Figure 4: Integrated Risk for All Stressors (Parkhurst and Paulson, 1996).

Figure 5: Total Probabilistic Ecosystem Risk (Parkhurst, 1996)
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Figure 6: Tiered Aquatic Ecological Risk Assessment Methods (Parkhurst et al., 1995).
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FACTORS INFLUENCING STATE WETLAND MANAGEMENT: BUILDING
INTERDISCIPLINARY MODELS
Megan K. La Peyre, National Wetlands Research Center, Lafayette, LA
Margaret A. Reams, Institute for Environmental Studies, Louisiana State
University
Irv A. Mendelssohn, Wetland Biogeochemistry Institute, Louisiana State
University

Introduction
Emerging environmental management concepts call for more integrated and
interdisciplinary models to address natural resource issues. In particular, integrated
environmental management models hold the promise of ensuring that all influences
on the natural system are considered in management decisions without forgetting
the ecological principles which set inherent limits on the systems. The development
of more interdisciplinary models has been critical in opening discussion concerning
the social, political and economic aspects of both environmental problems, and
environmental solutions. The limited knowledge and understanding of the
relationships between social, economic, political and ecological variables, and a lack
of formal methods to incorporate them into resource management models remains
one of the biggest barriers to integrated environmental management.
Understanding what factors constrain effective management is a necessary first step
to identifying methods that will result in effective management (IUCN 1999). To
date, much of the research has focused on collecting case studies of local
environmental problems and solution finding that has examined and used economic,
social or political measures or incentives. Little research has focused on identifying
common patterns of influence or on evaluation of environmental programs in order
to determine which approaches contribute to stronger environmental management.
Using wetlands as the system of interest, the purpose of this research was to
explore the interdisciplinary and evaluation aspects of natural resource management
in terms of understanding the relationship between context (i.e., socioeconomic,
political and environmental variables) and state wetland protection. Wetlands are
particularly suited for this research due to the fact that at the federal level, there is
no single federal wetlands law. While the federal government sets overall policy
and provides guidance on regulation, much is being done at the state level to
protect wetlands. Still, many state statutes or regulations implicitly or explicitly
require no net loss of wetland resources (Kusler et al. 1994). Despite this common
goal, approaches and amount of effort afforded wetland protection appear to vary
greatly between states (Kusler et al. 1994, Good et al. 1998). Choice of protection
method and effort is left to the individual state allowing subsidiarity in which
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policies can be adapted to conditions of the local society and environment (Trudgill
and Richards 1997). Thus, if context is important in effective resource protection,
it is hypothesized that states with different contexts will have made different choices
regarding effort and method of wetland protection.
Methods
Using a 50 state survey of wetland resource managers, information was collected on
the use of different types of management programs ranging from regulatory (e.g.
permitting) to non-regulatory (e.g. education), information (e.g. inventory), and
planning (e.g. zoning) tools to protect wetland systems. Data were also collected
on any program outcome or monitoring information available for each state.
Independent context variables were collected from various sources to characterize
the social, economic and political context in which management was occurring for
each state.
Variables tested included economics (per capita income),
socioeconomics (percent of state budget for wetland protection), politics (legislative
professionalism), organized interests (industry importance, environmental activism),
wetland pressure (% GSP agriculture, population density), and wetland importance
(commercial fish landings, percent of state land wetlands).
Using this data, an indicator of program strength was calculated for each state
similar to the method used by Good et al. (1998). This approach recognizes that
specific tools or programs are more likely to benefit wetland systems than other
tools and weights these tools and their importance accordingly. Logistic regression
analyses using maximum likelihood methods were used to assess the probability of
a strong program based on the surrounding socioeconomic, political and
environmental context. Independent variable correlations were tested using
Pearson’s correlation to ensure that multi-collinearity was not a problem. Dummy
variables created for region (south, central, northeast, pacific) and type (coastal,
inland) were included as controls.
Results from the data collected on program outcome and monitoring were tabulated
and summarized.
Results
Both coastal and inland state wetland programs were found to be comprehensive
and diverse employing a variety of management tools. Coastal wetlands were found
to have stronger and more comprehensive programs than inland wetlands. In
particular, there was a much stronger regulatory environment for coastal wetlands
as compared to inland wetlands.
Results of the logistic regression indicate that in general, the strength of a wetland
program can be explained as a function of one or several of the following variables:
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the amount of pressure on wetland resources through alternative land uses
(population pressure), the importance of wetlands (fishery catch), the
environmentalism of the population as well as the strength of industry. All of the
different program types, with the exception of information programs, have a similar
influence from population density with the odds of a strong program decreasing as
population density increases. For all programs, except information programs, the
odds of a strong program are at least 1.8 times greater as the importance of fisheries
increases. Similarly, the odds of a strong program were greater than 1.5 and 1.8 for
overall programs and regulatory programs, respectively, as state environmental
group activity increased. Contrary to past research findings on other state policies,
economic factors did not have a significant influence on the extent or strength of
wetland protection policies.
Results from the outcome portion of the survey indicated that most states have only
rough estimates of the resources, many have wetland conservation plans and intend
to develop better databases of wetland resources. At the same time, few states
report any tracking of management actions relevant to wetlands, and fewer have any
idea of the impact of past management actions.
Discussion
The lack of a national wetland policy has resulted in a range of approaches aimed
at managing wetlands. Both coastal and inland state wetland programs were found
to be comprehensive and diverse, employing a variety of management tools: coastal
wetlands were found to have stronger and more comprehensive programs than
inland wetlands. The strength of wetland programs was found to be influenced by
environmental group activity, industry strength, population density and fisheries
importance within the state, suggesting that state governments are responsive and
flexible to local conditions, but also providing evidence of how local conditions can
be important in influencing the strength and type of wetland management employed.
These findings would suggest several things. Environmental group activism
indicates that the government is responsive to citizen demands. This suggests that
encouraging greater involvement in activist organizations, and greater education
(specific to environmental/wetland issues) of the citizens is one possible
opportunity for influencing wetland management, and ultimately wetland protection.
The fact that fisheries importance results in higher levels of wetland protection is
very encouraging, indicating that education related to the benefits and services
provided by wetland systems for fisheries has resulted in greater protection of
wetlands. Lastly, the finding that industry importance and wetland protection are
both likely to be higher indicates that governments recognize the need for
protection of natural resources for future welfare despite pressures that are believed
to discourage this type of thinking.
Recent interest in state environmental policies and programs has fueled research
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examining the types, extent and successes of state environmental programs. As
states have become more active in environmental protection, state environmental
policies and management programs are of increasing importance, often leading the
call for more and better environmental protection (Press 1998). Our findings are
supported by several studies that have examined variation in the strength of state
environmental policies, emphasizing the importance of local (state) conditions.
Research related to air and water quality, groundwater pollution and wetland and
coastal beach protection have found that political system characteristics, relevant
organized interests (industry, mining, agriculture), environmental groups, wealth and
level of pollution all had some influence, either direct or indirect on one of the
management areas in question (Gordon et al. 1998, La Peyre et al. unpubl. manuscr.,
Ringquist 1993, 1994).
In order to actually determine the most effective and efficient means of protection
requires evaluation of wetland management policy. This type of evaluation,
considered “feedback” in many of the current environmental management models,
requires specific information on management actions and the state of the natural
resource under management. An examination of U.S. state wetland management
found that evaluation of the effects of wetland management was exceedingly
difficult due to no tracking of management actions as well as limited information on
the changing state of the resource. The development of specific state wetland
management plans with specific, measurable goals and objectives combined with a
central database incorporating all wetland related information are suggested as basic
infrastructure needs for achieving this feedback loop. Examining the effectiveness
of management actions would be invaluable in order to develop and adapt
management programs specific to the local environment. Each wetland management
program could then be tailored to the particular needs and characteristics of each
state/nation. The most appropriate and effective management approach could then
be selected based on known socioeconomic and political characteristics of the
locale in which it will be applied.
These findings suggest a “portfolio” of opportunities for intervention in increasing
the effectiveness of wetland management. In other words, there are many
alternative options for managing natural resources. Focusing entirely on the
biological causes of environmental issues does not necessarily address the larger
problems (i.e. population growth) or suggest alternative solutions (i.e., education).
Recognition of the entire range (social and biological) of causes of resource
degradation provides a wider latitude of management responses. This broader
range of opportunities to influence environmental management also results in
greater flexibility of response and increases the opportunities for intervention in
dealing with environmental resource degradation.
Increasing the scope of
environmental management to include both the proximate biological causes and the
explanatory social causes provides many opportunities to respond to conservation
needs.
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While conceptually, interdisciplinary models remain somewhat crude, they provide
the opportunity for contributing to interdisciplinary theory : the building of testable
hypotheses that include both biological and social variables. This type of
hypothesis building is directly called for in the emerging concepts of “integrated”
environmental management.
The development of appropriate theoretical
environmental management models requires refinement and testing of
interdisciplinary models. This requires borrowing from natural and social science
until appropriate methods and information are brought together in a useful and
insightful manner. Examination of the human causes of environmental change,
analysis of the socioeconomic and political elements of environmental protection
and change, evaluation of environmental management, and informed development
of solutions are possible and necessary. For wetland systems, the recognition that
a range of factors (socioeconomic, political) influences wetland management leads
to an expanded range of opportunities for intervention and a greater flexibility in
response.
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Introduction
The State of Louisiana recently initiated a cooperative interagency planning effort
aimed at developing Natural Resource Damage Assessment-Regional Restoration
Plans (NRDA-RRPs). Natural Resource Damage Assessments (NRDAs) are the
mechanism through which state and federal natural resource trustees can
compensate the public for injuries to natural resources resulting from oil spills.
NRDAs enable trustees to restore, rehabilitate, replace, or acquire the equivalent of
the injured natural resources and services, including interim losses. NRDA-RRPs
identify pre-approved restoration projects potentially suitable for use in restoring
natural resources injured during oil spills. As such, NRDAs share a similar goal with
the policies dictated by the Coastal Zone Management Act of 1972 (CZMA): “to
preserve, protect, develop, and where possible, to restore or enhance the resources
of the Nation’s coastal zone.”
One of the objectives of this new planning effort is to improve the coordination
between the State’s Coastal Zone Management Program and the restoration efforts
conducted as part of NRDAs. The development of NRDA-RRPs offers the resource
agencies the opportunity to develop restoration alternatives that not only restore
and compensate for oil spill injury but also support and enhance the State’s coastal
management and restoration endeavors. The planning effort, funded through a
CZMA 309 grant, will build on the research and planning already achieved in
Louisiana’s coastal management and restoration efforts. The use of NRDA-RRPs
will streamline coastal damage assessment and restoration efforts, minimize costs,
provide consistency, and ensure that NRDA efforts incorporate and enhance the
existing goals and visions for Louisiana’s coastal area.
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The Challenge Facing Louisiana
Louisiana’s economy traditionally has been based on the State’s natural resources.
Both renewable (e.g., fishing, forest products) and non-renewable (e.g., oil, natural
gas) resources are important, and the industries associated with each have coexisted for years. Louisiana’s natural resources are susceptible to oil spill injury
from a variety of sources. Among them are shipping, land-based oil fields, oil
platforms in state waters, oil storage facilities, oil terminals/ports, crude or refined
oil pipelines, oil refineries, abandoned vessels, pits, reservoirs, and other industries
using oil in their operations. In the coastal regions alone, Louisiana is crisscrossed
by 1,570 miles of oil and gas pipelines (Coastal Wetlands Planning, Protection, and
Restoration Act, 1990). It is estimated there are approximately active 250,000 oil
and/or gas wells located in Louisiana. Although the industries developing oil and
gas resources in the state try to avoid adversely impacting renewable natural
resources, accidents do happen. The impact of these events on the habitats, and
the fish and wildlife they sustain, can be devastating. The impacts are twofold: they
affect the resources as well as the State’s and Nation’s economies.
Louisiana’s fragile wetland habitats, currently estimated as being lost at a rate of
between 25 and 35 square miles per year (Louisiana Coastal Wetlands Conservation
and Restoration Task Force and the Wetlands Conservation Authority, 1998), suffer
greatly from the additional impact of oil spills. Between 1991 and 1998, it was
estimated Louisiana experienced approximately 4,000 spill notifications per year.
This represents roughly 18% of the yearly national spill notifications and 47% of the
notifications for the Gulf of Mexico. The combination of the high frequency of oil
spills and the already precarious state of coastal and wetland habitats in Louisiana
presents a true challenge to the natural resource trustees when it comes to meeting
their CZMA and NRDA mandates.
Coastal Zone Management and Restoration in Louisiana
Two federal Acts and corresponding state legislation have directly impacted
Louisiana’s coastal management and restoration strategies. With the enactment of
the CZMA, Congress recognized the importance of effective management, beneficial
use, protection, and development of the Nation’s coastal resources. This 1972 Act
acknowledged the rich diversity of resources (both renewable and non-renewable)
and socioeconomic opportunities in the Nation’s coastal zone and provided a means
to create effective restoration and protection plans for this resource base. The
CZMA identified the need for cooperation between state, federal and local
governments in the effective protection and use of the coastal wetlands’ land and
water resources. In 1978, the Louisiana Legislature passed similar legislation with
the State and Local Coastal Resources Management Act (SLCRMA). The Act also
provided for the State’s coastal zone management program – the Louisiana Coastal
Resources Program, which is responsible for implementing the state’s federally
approved Coastal Zone Management Program (National Oceanic and Atmospheric
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Administration and Louisiana Department of Natural Resources, 1980).
Louisiana, and in particular its coastal and wetland regions, are of significant value
to the Nation -- contributing greatly to the Nation’s fisheries, wild fur and hide
harvest, providing wintering grounds for migratory bird populations, and as a major
producer of petroleum and natural gas products -- as well as buffering the
destructive effects of hurricanes, storms, and floods. The threat to coastal wetlands
cannot be ignored; it must be addressed. The Louisiana Coastal Wetlands
Conservation and Restoration Act of 1989 represents a significant milestone in
Louisiana’s fight against catastrophic land loss rates in that it brought coastal
restoration and protection to the forefront of the coastal zone programs in the State.
Congress acknowledged the need for action as well when it passed the Coastal
Wetlands Planning, Protection, and Restoration Act of 1990 (CWPPRA); also
known as the Breaux Act. This Act provides for the creation, restoration, and
protection of wetlands areas, in particular Louisiana’s coastal wetlands which
represent approximately 40% of the Nation’s total coastal habitats.
Because of its mandate, Louisiana has had a long tradition of coastal resources
planning. Both federal and state legislation have provided valuable opportunities
for the development of innovative and effective coastal resources management
planning in Louisiana. The most recent, and probably most comprehensive,
planning effort resulted in the COAST 2050 plan. COAST 2050's goal is: “to sustain
a coastal ecosystem that supports and protects the environment, economy and
culture of southern Louisiana, and that contributes greatly to the economy and wellbeing of the nation.” The plan identified three major strategic objectives:
♦
♦
♦

To sustain a coastal ecosystem with the essential functions and values of
the natural ecosystem,
To restore the ecosystem to the highest practicable acreage of productive
and diverse wetlands, and
To accomplish this restoration through an integrated program that has
multiple use benefits; benefits not solely for wetlands, but for all
communities and resources of the coast.

The COAST 2050 planning process resulted in the development of habitat
objectives along with ecosystem strategies for achieving those objectives, for each
of the four planning regions delineated in the Louisiana coastal area. This
information ultimately formed the basis for the COAST 2050 master plan. Five
federal agencies, seven state agencies and 20 parishes have formally expressed their
support of the COAST 2050 Plan.
NRDA and Restoration in Louisiana
The Oil Pollution Act of 1990 (OPA), Clean Water Act, and the Louisiana Oil Spill
Prevention and Response Act of 1991 (OSPRA) are the principal federal and state
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statutes authorizing federal and state agencies and tribal officials to act as natural
resource trustees for the recovery of damages for injuries to natural resources
resulting from unauthorized discharges of oil in Louisiana. The federally designated
natural resource trustees include the Department of Commerce (National Oceanic
and Atmospheric Administration [NOAA]), Department of the Interior, U.S.
Department of Agriculture, Department of Energy, and the Department of Defense.
On the state level, the Louisiana Oil Spill Coordinators Office, Office of the
Governor (LOSCO); Louisiana Department of Natural Resources (LDNR); Louisiana
Department of Environmental Quality (LDEQ); and Louisiana Department of Wildlife
and Fisheries (LDWF) have been entrusted with this responsibility.
In response to OPA 90 and OSPRA, both federal and state NRDA regulations were
developed. NOAA promulgated 15 CFR Part 990, et seq. in January 1996, providing
federal rules for the assessment of damages and the restoration of natural resources
and services injured as a result of a discharge or substantial threat of a discharge
of oil. At the state level, LOSCO promulgated Louisiana Administrative Code (LAC)
43:XXIX for the same purpose. In the event of a discharge or the substantial threat
of a discharge of oil in Louisiana, the appointed agencies (as appropriate) work
cooperatively to ensure these regulatory guidelines are satisfied. Both state and
federal NRDA regulations provide for a step-by-step process through which
trustees can determine injuries, assess damages, and develop and implement
restoration projects that compensate the public for injuries to natural resources
impacted by a spill. As part of this process, the trustees must develop a reasonable
range of restoration alternatives from which a preferred restoration alternative will
be identified. Alternative selection is based on certain criteria (15 CFR Part 990.54),
such as:
♦

♦
♦

♦
♦
♦
♦

The extent to which each alternative is expected to meet the Trustees' goals
and objectives in returning the injured natural resources and services to
baseline condition and/or compensating for interim losses;
The proximity to the affected area;
The extent to which each alternative will prevent future injury resulting
from the incident, and avoid additional injury as a result of implementing
the alternative;
The extent to which each alternative benefits more than one natural
resource and/or service;
The effect of each alternative on public health and safety;
The likelihood of success of each alternative; and
The cost to carry out each alternative.

The NRDA process is traditionally initiated on a case-by-case basis and may take
years to complete.
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Why Develop Louisiana’s NRDA - RRP
The mission of the NRDA – RRP initiative is to develop procedures enabling state
and federal natural resource trustees to select and implement projects that
compensate the public and environment for losses of natural resources and services
from unauthorized discharges of oil in a timely and efficient manner. A NRDA-RRP
for a specific region will identify preferred, pre-designed restoration projects
potentially suitable for use in restoring natural resources commonly injured during
oil spills. Because identification of restoration projects to be included in the NRDARRPs will require the trustees to demonstrate linkages between potential resource
injuries and restoration alternatives during the planning process, NRDA-RRPs will
substantially shorten both the injury assessment and restoration selection phases
of the NRDA process during an actual incident. The use of pre-identified, preapproved projects will expedite restoration of the injured resources, lessen the loss
to the public, and, consequently, decrease the overall restoration cost to the
responsible party. Without NRDA-RRPs, oil spill restoration planning simply will
remain a case-by-case, time-consuming, somewhat repetitious and costly endeavor.
Furthermore, NRDA – RRPs will provide a mechanism through which natural
resource injuries from small spills, mystery spills, and spills from abandoned
facilities can be addressed. Achieving compensation for these kinds of spills has
traditionally been difficult, at best, because of the high volume of cases and the
difficulties associated with identifying reasonable restoration alternatives for these
spills. NRDA - RRPs will provide a streamlined, cost-effective mechanism allowing
the trustees to pool small restoration recoveries from multiple incidents towards
larger, more cost-effective restoration projects. In this manner, the trustees can also
implement oil spill restoration projects that benefit the health and vitality of an entire
regional ecosystem rather than small isolated segments. The availability of means
to compensate for injuries in these spill categories will provide significant,
widespread benefits to the State’s natural resources and will advance the State’s
policy of a “no net loss” of wetlands as set forth in SLCRMA and the Louisiana
Coastal Wetlands Conservation Plan.
Planning for NRDA additionally offers a unique opportunity to develop NRDA
restoration alternatives that not only restore and compensate for oil spill injury but
also enhance the State’s overall coastal resources management and restoration
endeavors. The development of NRDA-RRPs affords the trustees the opportunity
to move NRDA restoration beyond a site-specific approach by identifying potential
restoration projects that support regional restoration strategies. One indispensable
cornerstone of NRDA - RRPs is the agreement among all potentially impacted
parties of regionally appropriate restoration alternatives prior to a spill occurrence.
Therefore, the goal of this effort is to develop and implement a plan and program
for identifying appropriate restoration alternatives and projects in the various
regions of Louisiana to compensate for losses of natural resources from spills
through a process of government, public and industry participation and partnership.
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Coordinating Louisiana’s NRDA - RRP Project and Coastal Zone Programs
Louisiana’s approach to developing the NRDA - RRPs will, where possible, rely on
existing data and information. Early goals of the project include delineation of the
NRDA-RRP “regions” which will be based on ecological (i.e., watershed, ecosystem,
landscape, etc.) or political boundaries or perhaps a combination of these factors.
Once regional boundaries have been determined, the natural resources at risk within
each region and the injuries likely to be suffered from an oil spill will be identified.
It will then be possible to identify and evaluate possible restoration alternatives for
a region. Because the NRDA - RRPs are limited to restoration of natural resource
injuries from actual or substantial threats of oil discharges, it will be imperative that
the restoration alternatives exhibit a clear linkage between spill impact and project
implementation. In other words, it is essential that the type of restoration
implemented be linked to injuries resulting from an oil spill incident or incidents.
As a result of Louisiana’s extensive work and effort in coastal zone management and
restoration, there is already a wealth of information available on coastal zone issues,
needs and restoration goals. A preliminary evaluation of existing coastal plans
indicated that the recently completed COAST 2050 plan could be used as the
foundation for the Louisiana NRDA-RRP initiative. An obvious utilization of the
COAST 2050 plan is the delineation of the four planning regions that were used in
the COAST 2050 planning process. In addition, the basic information necessary for
the NRDA - RRP development in the coastal area is, to some extent, comparable to
the information that was compiled for the COAST 2050 planning effort. In creating
COAST 2050, information was gathered for each of the four planning regions
reflecting the multiple use approach to planning. Data on coastal uses and
resources were collected and considered on, among other things, infrastructure, fish
and wildlife resources, water supply and quality, recreational usage, and public
safety and navigation.
The database to be developed in support of the coastal NRDA – RRPs planning
process will build on the data compiled for COAST 2050. Supplementary
information regarding potential oil spill locations, major and minor oil spill data,
protected areas, and sensitive environments will need to be identified and
incorporated for the NRDA - RRP planning purposes. From this combined database,
Louisiana’s coastal NRDA - RRPs will be developed. However, statewide, the
NRDA - RRP initiative requires development of comparable information for
Louisiana’s inland areas. Again, COAST 2050 is anticipated to be a valuable tool.
As NRDA - RRPs are developed in the coastal areas, compilation of inland baseline
information will begin, using COAST 2050 as the model.
Another major data need for the development of the NRDA-RRPs is an inventory
of potential restoration projects. In this area, the planning process can build on a
multitude of existing management and restoration plans, including COAST 2050,
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CWPRRA, Barataria-Terrebonne National Estuary Program, and the Atchafalaya
Basin Master Plan, to name a few. The restoration projects identified in those plans
will be evaluated and a determination of their suitability for inclusion as oil spill
restoration alternatives will be made. Maximizing the incorporation of restoration
projects identified in these plans into the NRDA-RRPs will provide a reasonable,
effective and timely means for coordinating Louisiana’s CZMA programs with the
NRDA - RRP development.
In order for NRDA-RRPs to become effective tools in oil spill restoration, their
development must be the result of a cooperative effort not only by the state and
federal natural resource trustees, but must involve all other stakeholders. Support
and input into the plan from the public at large and interest groups (such as,
potential responsible parties, the oil and gas industry, manufacturing and
agricultural concerns, landowners, and environmental groups) will ensure these
regionally based restoration plans truly reflect the public’s interest. Using the
COAST 2050 plan as a foundation for the NRDA-RRPs will assist the natural
resource trustees in achieving that objective in the coastal area. The restoration
strategies identified in the COAST 2050 plan were developed in partnership with the
stakeholders in each region. Furthermore, five federal and seven state agencies,
including the federal and state trustees, and 20 parishes have formally expressed
their support of the COAST 2050 Plan. Like COAST 2050, NRDA - RRP will be
developed as an integrated program. The criteria used in the design and selection
of oil spill-funded restoration alternatives will reflect a region’s environmental and
socioeconomic concerns.
Summary
Louisiana’s unique combination of renewable and non-renewable natural resources
creates an environment ideally suited to coordinating the goals of coastal zone
management and restoration with those of developing NRDA - RRPs. The natural
sensitivity of Louisiana’s coastal wetland habitats, coupled with the impact and
influence of the long-term presence of the oil and gas industry in the state, have
created conditions requiring innovative, cooperative planning efforts focused on
the “big picture.” It is no longer enough, in coastal zone management or oil spill
restoration, to focus exclusively on site-specific problems. It is recognized that
planning for the protection, restoration and preservation of Louisiana’s natural
resources must also be addressed from a statewide perspective. What occurs in a
site-specific area impacts the health of the entire ecosystem in which it is located.
Likewise, maintenance and restoration aimed at the whole ecosystem will have a
positive, beneficial impact at specific sites within a region.
The development and implementation of NRDA - RRPs provides the opportunity to
positively contribute to the restoration and maintenance of Louisiana’s natural
resources. With the creation of the NRDA - RRPs, a cost-effective, streamlined
means of pursuing restoration of injured natural resources from unauthorized
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discharges of oil will be provided. Building on the research, planning and
development already achieved in Louisiana’s coastal resources management and
restoration efforts contributes to the cost-effectiveness of the NRDA - RRP
approach. It also ensures the development of a plan that incorporates and enhances
the existing goals and visions for Louisiana’s coastal area. The State of Louisiana
has recognized the tremendous benefits that can be derived from NRDA-RRPs and
encourages other states to consider partnerships between their coastal zone
management and NRDA programs
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Abstract
The coastal watersheds of the Pacific Northwest have experienced severe
degradation as a result of rapid economic growth in the region. The cumulative
effects of watershed degradation are manifest in the estuaries, and no where else
have these impacts been so catastrophic affecting fish, wildlife and water
quality. Protection and restoration of our estuaries has become the most
important modern conservation issue for the next decade. Wetland conservation
in the Pacific Northwest must address several issues, key among them are
impacts to salmon and water quality. Riverine and estuarine habitats in the
lower watersheds, typically on private lands, are of vital importance. As Ducks
Unlimited, Inc. (DU) strives towards our goal of improving overall wetland
biodiversity within the Pacific Northwest, we are constantly challenged with
integrating the contingency of fish related issues into our projects. To address
this, our program has been enhanced in part by adapting our restoration
strategies to accommodate fish, and documenting the benefits of wetland
restoration to fish. The Pacific Coast Estuary Initiative (PCEI) of DU in
partnership with numerous state, federal, tribal and private entities will restore
the health of Northwest Watersheds through active habitat restoration of
estuarine and riverine function. The PCEI is the region’s largest adaptively
managed wetland conservation program, aimed at restoring wetlands for all
aquatic species, improving water quality and taking a bold step towards
recovering the region’s imperiled salmonid stocks. The PCEI will also be an
implementation mechanism for the fish refuge concept.
The Cost of Progress
The Pacific Northwest is economically one of the fastest growing regions in the
United States. However this progress did not come without a cost. The basic
needs for energy, transportation systems, and food production left the area with
altered hydrology, fragmented riparian areas, alien plant species, blocked fish
passages, and heavy nutrient and sediment loads in the rivers and streams.
Cumulative effects of all these actions are manifest in the coastal estuaries. In
fact, no where have impacts on estuaries been so catastrophic, affecting
fisheries, wildlife, and water quality. Protection and restoration of our estuaries
have become the most important modern ecological and conservation issues of
the next decade. Along with the degradation of estuaries, watersheds along the
continental United States’ northern pacific coast are some of the most degraded
in the Northern Hemisphere. Tantamount to these are riverine and estuarine
habitats that reside predominantly on private lands of the lower watersheds. The
Pacific Coast Estuary Initiative (PCEI) of DU in partnership with numerous
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state, federal, tribal and private entities will restore the health of Northwest
Watersheds through active habitat restoration of estuarine and riverine function.
The PCEI is the region’s largest adaptively managed wetland conservation
program, aimed at restoring wetlands for all aquatic species, improving water
quality and taking a bold step towards recovering the region’s imperiled
salmonid stocks. The PCEI will also be an implementation mechanism for the
fish refuge concept.
Key Coastal Watersheds
The Puget Sound ecosystem is characterized by a complex system of large bays
and estuaries. These aquatic habitats of the northern Puget Sound have
historically supported as much as 80% of western Washington’s wintering
waterfowl. Large river systems such as the Nooksack, Samish, Skagit,
Stillaguamish and Snoqualmie have historically supported tremendous
populations of anadromous fish, and still provide some of the most important
anadromous fish habitat in the entire Pacific rim. Intense pressure from an
increasing human population and agricultural activities in the Puget Sound have
resulted in the loss and degradation of these natural resources. Anadromous fish
populations have sharply declined, resulting in recent listings under the Federal
Endangered Species Act (ESA). Many species of migratory birds have suffered
significant population declines, due in part to loss of migration, breeding and
wintering habitat. Diking and wetland drainage has significantly reduced the
ability of aquatic habitats to store and transport water, resulting in the increased
frequency and severity of floods. These events have caused millions of dollars
in damages to homes, businesses, transportation infrastructure and natural
resources. Most of the estuarine and floodplain wetland habitats in this region
have been highly manipulated, especially high salt marsh communities and
freshwater palustrine marsh habitat. The relatively few acres of these remaining
habitats are largely protected by a series of local, state and Federal legislation.
This small, protected habitat base is not enough to maintain and restore fish and
wildlife populations and the natural resources upon which they depend.
The coastal ecoregion of southwest Washington and Oregon is dominated by
large bays and estuarine wetlands formed at the mouth of coastal rivers. The
largest of these systems include the Willapa Bay, Grays Harbor, Tillamook Bay,
Siuslaw River estuary, Coquille River estuary and Coos Bay. These estuaries
are some of the most productive ecosystems in the world. The expansive
intertidal habitats of Willapa Bay and Grays Harbor provide globally important
migration stopovers and wintering habitat for hundreds of thousands of
migratory birds. Willapa Bay is also the number one oyster-producing region in
the U.S., providing daily shipments of high quality oysters to Japan. The
Coquille River estuary consistently provides habitat for the largest number of
wintering waterfowl on the Oregon coast. All of these coastal systems
historically produced large numbers of anadromous fish. Estuarine habitats
provide the critical link between ocean habitats and riverine systems. Juvenile
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fish depend on estuarine areas as a productive nursery for rapid growth and to
adapt to salt water conditions. Intensive development, diking and drainage
activities initiated primarily for agricultural purposes have effectively altered
significant portions of each estuary. Shallow, tidal wetlands have been diked
and separated from the deeper intertidal wetland habitats in the bays. In most
estuarine systems, over 80% of this high salt marsh community has been drained
and converted to pastureland and, in some cases, urbanized development.
Floodplain, emergent marsh habitats have also largely been eliminated from
these systems by drainage and conversion to agriculture. The elimination of
these types of habitat has significantly altered natural hydrological processes and
limits the ability of these systems to provide resources for fish and wildlife.
These altered systems affect the estuary’s natural ability to carry sediments and
improve water quality, further degrading aquatic habitats. The lower reaches of
many coastal streams and rivers have been significantly impacted by tree
removal, levee construction, intensive grazing and stream channelization. High
priority habitats include high salt marsh communities in the estuaries and
emergent marsh/riparian habitats within the floodplains of coastal streams and
rivers. The restoration and permanent protection of these habitats will provide
significant benefits for fish and wildlife resources. In some estuaries with over
90% of the original estuarine marsh lost, this effort will result in the complete
and permanent restoration of at least 20% of the original habitat base. For
example, a single estuarine restoration project in the Siuslaw River estuary will
restore 350 acres of intertidal habitat. This represents approximately 20% of the
original habitat base and triples the amount of estuary ever restored in this
system. Another project proposed along the Willapa River will restore 900
acres of estuarine habitat. In the Haynes Inlet of Coos Bay, a planned project
will restore 90% of a drained estuary. These projects address most limiting
factors affecting coastal ecosystem health, and permanently restore habitats that
directly benefit hundreds of species of native fish and wildlife. Restoration of
tidal and floodplain wetlands will also benefit people by restoring natural
hydrology and reducing flooding. For example, in Tillamook, Oregon, flooding
in a portion of the city has become a regular occurrence in the last few years.
Significant causes of this flooding include levees constructed adjacent to rivers
and in the estuaries. The levees along the river cannot contain the peak flood
flows and levees in the estuary act like dams and back the water up towards the
city. This area is a high priority for DU and its’ partners. Restoration of these
areas will not only benefit fish and wildlife populations, but also significantly
reduce flooding within the city.
When Lewis and Clark traveled through the Columbia River floodplain, it was
dotted with thousands of marshes and meandering riverine channels. The
Columbia River estuary provided 100,000 acres of wetland habitat. Millions of
salmon filled the rivers in this ecoregion. Waterfowl were so abundant on the
lower Columbia River they forced the Lewis and Clark expedition to move
camp on occasion because the constant noise from nearby congregations of birds
kept them awake at night. The construction of Bonneville dam forever changed
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the Lower Columbia River ecosystem. With the great annual floods controlled,
it became feasible to construct levees and drainage ditches in the floodplain,
drain wetland habitats for agricultural production. The ever-expanding Portland
metropolitan area is eliminating additional wetland habitat and threatens
thousands of acres. The introduction of non-native plant and animal species in
this altered environment has further degraded resource values. Millions of
migratory birds depend on the limited remaining habitat for migration and
wintering periods. These habitats provide resting and refueling areas for
migrating birds, allowing them to build up of fat reserves, and arrive at the
breeding habitats in a healthier condition. The loss and degradation of these
areas has contributed to the decline of many species of birds. Many neotropical
migrants and other migratory birds are listed as “species of concern” due to low
and declining population levels in part due to inadequate migration and
wintering habitats. The wetland and riparian habitats in the greater Portland
area provide resource values to over 250 species of birds. This ecosystem also
provides critical habitat for many species of anadromous fish, although
populations are drastically reduced and most populations declared endangered
and threatened. The Chinook River estuary, located near the mouth of the
Columbia River, was 100% drained by the installation of a tidegate system
during the early 1900’s. The proposed project will restore approximately 800
acres, over 60% of the entire, original estuary. In addition to providing a
tremendous benefit to migratory birds, restoration of this habitat was identified
as the key factor to salmonid success in the Chinook River system in a study
completed in 1998. This single project will have a significant impact on
salmonid production within the Chinook River system, and with its location at
the mouth of the Columbia River, will also provide significant benefits to all
Columbia River salmonids.
Fisheries Resources
Over the past several years we have watched a sobering number of fish species
being listed under the federal Endangered Species Act (ESA) for protection.
The Pacific Northwest has seen more than two dozen such listings (including
proposed listings) since 1997. The species (or runs) being listed range from
southern Oregon to Puget Sound to the interior Columbia Basin, and their
limiting factors are as varied as their geography. In response to this onslaught of
fish listings, the region has received broad public and political support to solve
the problem and recover the fish. With this support, however, there has been an
equally obvious regulatory presence by the federal government in an effort to
protect these listed species. All activities must now be in compliance with the
ESA. What does this mean to wetland restoration?
While we all agree that wetland restoration activities provide numerous benefits
to fish, wildlife and water quality, there continues to be debate on how we
should restore wetlands with fishery resources in mind. Particularly here in the
Northwest, much of this debate revolves around the impacts to salmon from
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restoration activities. DU has seen this as an opportunity to challenge our
continentally successful wetlands conservation program by incorporating fish
habitat and fish passage into project design and management, where needed.
DU has also begun a fisheries monitoring and evaluation program for the
Northwest to document the fisheries benefits from wetland restoration. It is
clear that projects can be designed to benefit waterfowl, fish, and a variety of
wetland dependent species. The aim of our valuation efforts will be used to
adaptively manage our wetland conservation program, to meet resource and
political needs. As we develop and monitor new strategies to restore wetlands
while maximizing the benefits to all aquatic species and water quality, we get
closer to holistic aquatic restoration.
Complex Solutions
Restoring and protecting wetland and estuarine habitat in the Pacific Northwest
is a daunting venture, but the challenge must be met if we are to improve water
quality and recover aquatic species threatened with extinction. In launching our
Pacific Coast Estuary Initiative, DU has challenged our partners with
implementing a regional, comprehensive strategy that will both restore and
permanently protect our precious coastal habitats.

Charles M. Lobdell
Ducks Unlimited, Inc.
2785 Arbor Drive
West Linn, OR 97068
Phone: (503) 675-6389
Fax: (503) 534-1844
Email: clobdell@ducks.org
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USING ECOLOGICAL CHARACTERIZATION IN MANAGEMENT
DECISIONS: THE TILLAMOOK BAY STORY
Kerry Griffin, Tillamook Bay National Estuary Project/
Tillamook County Performance Partnership

Introduction
Tillamook Bay is an estuary located on the northern Oregon coast, about 60
miles west of Portland. A narrow coastal plain bordered by a low, rugged
mountain range characterizes the area. The defining environmental attribute of
Tillamook (and indeed, the entire Pacific Northwest coast) is rain. Although
only about 90 inches of rain per year falls in Tillamook proper, some weather
stations a few miles into the Coast Range record up to 200 inches annually
[Tillamook Bay National Estuary Project Comprehensive Conservation and
Management Plan (CCMP) 1999]. The rain brings salmon and trout up the
rivers, feeds the temperate rain forest of the Coast Range Mountains, deposits
rich alluvial soil into the floodplain, and causes frequent flooding during the
winters.
This paper provides a brief background of the environmental problems facing
the Tillamook Bay watershed, reviews the management approach of the
Tillamook Bay National Estuary Project (TBNEP), and describes three
management decisions that were made based on an ecological characterization.
History
Prior to European settlement, the area was home to several Native American
villages of the Tillamook Nation, but the bulk of the Native American
population was decimated by smallpox in an 1829–1832 epidemic (Coulton et al
1995). Lewis and Clark estimated the population to be about 2,200 in 1806, but
by 1849, this figure had decreased to about 200 (U.S. Army Corps of Engineers
1975).
Europeans first settled in the mid-1800s, and settlers soon discovered that by
removing logjams and building levees in the lowland floodplain, much fertile
land was made available for agriculture. Fish were abundant, the land was
productive, and timber was plentiful. Soon, salmon canneries opened, a
booming timber industry was born, and dairy farms sprang up watershed-wide.
But the high times of resource-based industries would not last forever.
By the early1990s, Tillamook County citizens recognized that the environmental
problems facing the bay and watershed threatened the very future of those
residing there. Declining fish runs meant loss of income for commercial
fishermen, tackle shops, hotel owners, and other fishing-dependent businesses.
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Decreasing water quality meant violations of federal clean water standards, and
frequent closures of commercial shellfish beds. Sediment deposition, combined
with changes in water flow and drainage patterns in the lower rivers and upper
bay, increased the magnitude and frequency of flood events. For these and other
reasons, Oregon’s Governor nominated Tillamook Bay to the National Estuary
Program (NEP) in 1992 (TCPP 2000).
The Tillamook Bay National Estuary Project
Oregon’s application to the NEP characterized Tillamook as representative of
the bays along the Pacific Northwest coast because it provided a vital resource
to the local and regional economies, and supported diverse aquatic resources
including anadromous fish, shellfish, and waterfowl. The application package
identified three priority problems:
n
n
n

Bacterial contamination of the bay and rivers;
Excessive sedimentation; and
Loss of key fish habitat

The application was accepted, and the TBNEP was established in 1994. A
fourth priority problem, Flooding, was added in 1996, after devastating floods in
the winter of 1996.
The chief mission of the TBNEP was to develop a comprehensive conservation
and management plan (CCMP). To accomplish this, the TBNEP organized a
Management Conference made up of policy makers, agency managers, citizens,
and leading scientists from local, state, and regional institutions. The
Management Conference established four committees to provide vital links in a
cooperative effort to solve the environmental problems confronting the
Tillamook Bay Watershed and its people. The four committees were the Policy
Committee (directed overall project direction; hiring of staff), Management
Committee (oversaw scientific characterization and action plan development),
Scientific and Technical Advisory Committee (guided the environmental
characterization), and Citizen Action Committee (public outreach, and
solicitation of public input).
The TBNEP eventually evolved into the Tillamook County Performance
Partnership (TCPP), which serves as the implementation entity for the
management plan. The TCPP is a consortium of community leaders, state and
federal agencies, private citizens, industries, and municipalities who all share the
common goal of environmental restoration for Tillamook Bay and its watershed.
Developing the Ecological Characterization
The four TBNEP committees worked together to identify and fill data gaps,
piece together all existing and new information about the watershed, and design
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a management plan based on an ecological characterization. The ecological
characterization included aquatic habitat inventories, benthic surveys, new
wetland and eelgrass maps, water quality studies, and a prioritization process for
restoration actions. By combining the best science with citizen input, the
TBNEP would be able to address both the ecological needs of the watershed and
the economic and social needs of the community. The end result was a
meaningful CCMP containing 62 recommended restoration and enhancement
actions.
This paper briefly outlines three cases in which research findings influenced
management decisions. These cases are 1) using geographic information
systems (GIS) to prioritize water quality and fish passage improvement projects,
2) using watershed assessments to identify potential sites for restoration
projects, and 3) utilizing state of the art techniques to identify bacteria sources
and reduce their contribution of bacteria to the watershed.
Using GIS to Prioritize Projects
With financial support from local, state, and federal partners, the TBNEP
purchased GIS hardware and software, and assembled a database with over 150
layers. As an analytical and management tool, the GIS database helped
researchers and managers better identify problems and prioritize restoration
actions. Following is an example of how the TBNEP used GIS to make natural
resource management decisions.
The TCPP commissioned a tidegate survey that assessed the condition of, and
evaluated the potential fish habitat behind each tidegate. It was known that
many of the tidegates were failing, and that by replacing them with newer “fishfriendly” designs, it would allow fish access to high quality habitat behind the
tidegate. A staff researcher compiled the information and added it as a layer in
the TBNEP GIS database.
Then, staff members were able to evaluate a number of related factors about
each tidegate surveyed. These factors included location, habitat potential, land
ownership, elevation, and whether the site was within critical spawning or
rearing areas for salmonids. Based on this information, researchers prioritized
tidegate replacement, and installed over 20 fish-friendly tidegates in the
watershed. This served to increase dissolved oxygen levels, improve fish
passage, and improve floodplain function.
Using Watershed Assessments to Prioritize Restoration Projects
A watershed assessment is a methodology used to synthesize all relevant
information about a watershed and its function. The assessment can be used to
identify features and processes important to fish habitat and water quality,
determine how natural processes are influencing those resources, understand
how human activities are affecting the watershed, and evaluate cumulative
481

effects (Watershed Professionals Network 1999). Ultimately, a watershed
assessment serves as a guide to restoration and enhancement projects, and
addresses (among others) the following parameters:
n
n
n
n

n
n
n

Stream characteristics (gradient, pool-to-riffle ratio, etc);
Fish use (spawning and rearing areas);
Riparian cover (stream shading characteristics);
Historical conditions (historical land use, fish distribution, human
disturbance);
Sediment sources assessment;
Water quality assessment; and
Channel modification assessment.

The TCPP completed watershed assessments on four of the five major rivers in
the watershed, and used the assessments to prioritize restoration projects. For
example, an assessment of the Kilchis River watershed revealed that the stream
channel lacked the complexity that it ideally should have. There were too few
pools, and in many stretches, the stream was dominated by “glides,” that is, a
relatively swift moving stretch characterized by steady velocity and depth.
Ideally, a stream will have frequent pools and riffles, providing deep slowmoving water intermixed with swift shallow water. This complexity affords fish
the opportunity to seek out the type of water they need. Fish rest and take cover
in deep pools, spawn in shallow riffles, and migrate in channels.
This finding led researchers to develop plans for “biotechnical stream barbs”
that would create eddies, pools, and deeper channels, offering more varied
stream types for fish. The barbs were placed perpendicular to the stream bank,
and extended into the stream about 1/3 of the way across (approximately 30
feet). Not only did the barbs create variability in the stream channel, but also
they served to stabilize the stream banks by causing accretion around the base of
the barb [US Environmental Protection Agency (USEPA) 1998]. Again, by
synthesizing existing information, resource managers were able to identify and
prioritize restoration actions based on the maximum environmental benefit.
Using State of the Art Techniques to Determine Bacteria Sources
High fecal coliform bacteria (fcb) levels have been a problem in the watershed
for a number of years, and the commercial oyster industry often suffers the
consequences because when bacteria levels exceed consumption standards, the
industry is prohibited from harvesting oysters. In recent years, the number of
closure days has ranged from 90 to 120 days per year (TBNEP 1999). Because
of the presence of the dairy industry in the watershed, it was commonly thought
that dairy cows were the primary culprits for excessive fcb in the rivers and
estuary. However, it was also known that most of the watershed was dependent
on septic systems rather than sewers, and furthermore, that many of the private
septic systems were failing (TBNEP 1999).
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In order to determine the relative contribution of the various bacteria sources,
the TCPP sponsored research that utilizes antibiotic resistance to determine
bacteria source. While preliminary findings substantiated that dairy cattle do
indeed contribute the bulk of the fcb, the human component was generally
greater than previously thought (TBNEP 1999).
The management implications of these findings were twofold. First, the fact that
the overall bacteria levels in the watershed’s rivers frequently exceeded state
and federal standards meant that action needed to be taken to address the
problem. This resulted in implementation of best management practices for
manure management, upgrading of septic systems, and monitoring. Second, the
finding that the human component appeared to be greater than previously
thought meant that a greater effort needed to made toward upgrading septic
systems, public outreach and education, and connecting more households to the
sewer system. The TCPP took steps to finance septic system upgrades and
connect more households to city sewer systems.
Conclusion
This paper reviewed three examples of how staff and researchers utilized
specific components of an environmental characterization to make restoration
decisions. In Tillamook Bay’s case, citizens, scientists, and agency personnel
have undertaken numerous restoration and enhancement actions, all based on
sound science and responsible decision making.
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DESIGNING FOR NATURE IN COASTAL MISSISSIPPI
James W. Charland, Coastal Programs Division, National Oceanic and
Atmospheric Administration

A Conference on Economics and Conservation
Urban and suburban sprawl, the seemingly endless consumption of land for new
residential and commercial areas, creates significant problems for coastal
ecosystems. Yards and parking lots replace natural habitats, wetlands are filled,
and hardened surfaces multiply stormwater runoff at the expense of groundwater
recharge. These problems and others daunt resource managers tasked with
protecting natural resources in rapidly developing areas. In the absence of any
comprehensive solution to the problem of sprawl, solutions that lessen the
impact of new development must be sought and encouraged.
One such solution is known as “Conservation Development Design.” Tracing
its routes to agrarian communities in Europe and the Americas, Conservation
Design emphasizes building livable, sustainable communities surrounded by
natural areas. The principles of conservation design, while not new, often face
resistance from local planning offices, which must enforce arcane building and
subdivision codes, and from financiers, developers, and realtors, who are most
comfortable funding and selling copies of what has most recently sold.
A recent two-day conference, entitled “Economic Opportunities and
Conservation Success – A Coastal Development Strategies Conference,”
introduced the concept of conservation development, and some of its benefits
and challenges, to the rapidly growing coast of Mississippi. As the title
suggests, the conference emphasized the economic benefits of conservation
design, as well as its ecological and aesthetic advantages.
Conservation Development Design
What we now see as typical, even traditional, subdivision design dates from the
early part of the 20th century. These standards emphasize large lot sizes,
significant setbacks between structures and streets, and encourage the complete
consumption of available lands by private lots, streets, and other required
amenities. These codes also segregate commercial and residential areas,
encouraging strip mall developments and furthering dependence on the
automobile. Conservation design takes a different view, both of residential
areas and of the advantages of mixed-use developments. In its simplest terms,
conservation development utilizes smaller lot sizes, smaller setbacks, nonrectilinear street patterns, and the preservation of significant areas of open space
to create more livable neighborhoods. Examples of conservation design, and a
more complete explanation of the concepts, can be found in Conservation
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Design for Subdivisions, A Practical Guide to Creating Open Space Networks
by Randall Arendt (1996), and in other sources.
The economic advantages to conservation design come in two categories. First,
by reducing the length of streets that must be built, and by extension the amount
of other infrastructure (e.g., utility lines, sewer lines) required, developers
significantly reduce the cost of construction. Also, by following a site’s natural
contours, earth moving and grading costs can be significantly reduced. Second,
and perhaps more importantly, many studies have shown that the increased
desirability of these developments, as compared to more traditional
developments, translates into increased lot and home values, both at initial sale
and for resale. Both of these aspects were highlighted to a conference audience
that included realtors, civil engineers, developers, bankers, and city, county,
state, and federal regulators and planners.
From the viewpoint of environmental protection, conservation design represents
a compromise of sorts. Many environmental advocates might prefer an end to
further land consumption, and a redirection of growth back toward previously
developed, under-utilized urban areas. Nevertheless, open space continues to be
consumed for new sub-urban and urban development. It falls to planners and
resource managers to find solutions that balance the competing interests of
development and preservation. One such solution is conservation development
design. Through this technique, a resource manager may become a mediator,
securing some continued ecological benefit while maintaining the profitable use
of the land.
Session Keynote Speakers
Four speakers provided keynotes for the conference. Mr. E. G. Woods,
Executive Director of the Mississippi Department of Marine Resources, the
conference’s primary sponsor, spoke of the importance of new approaches to
natural resource management in coastal Mississippi, and the need for developers
and resource managers to work together to solve problems. Ms Jayne Buttross,
Chief Counsel to Mississippi’s new Governor Ronnie Musgrove (D-MS), spoke
about the need to explore new solutions to old problems, and the importance of
examining the often misguided or unfounded reasons for past practices. Ms.
Donna Yowell, a twice-elected member of the Board of Aldermen in Madison,
Mississippi, talked about the success her community has had in implementing
new, environmentally friendly regulations on development, without hurting the
community or its economy. Mr. Bill Weeks, Vice President of The Nature
Conservancy, spoke about the need for sustainable, environmentally sensitive
development.
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Session Topics
The first day of the conference featured a plenary and three sets of two breakout
sessions, each 90 minutes in length. Session topics are listed below.
•

•

•

•

•

•

Ecology of the Mississippi Gulf Coast. This session discussed the major
terrestrial and marine habitats on the Mississippi Gulf Coast, with an
emphasis on the role of the ecosystem in maintaining commercial and
recreational fisheries.
Case Studies.
Three examples of the application of conservation
development from Georgia, Alabama, and Texas provided a basis for
understanding the techniques and how they are applied. Special care was
taken to gather examples from regions with cultures similar to coastal
Mississippi, to make the ideas more palatable, and avoid the “it will never
work here” reaction.
Natural Hazards. Conservation development, by avoiding wetlands and
drain ways, and shielding structures with significant stands of trees, can
have a strong impact on the vulnerability of developments to natural
hazards. Presenters involved in the Federal Emergency Management
Agency’s (FEMA) Project Impact spoke about the advantages of natural
hazard avoidance, and how conservation development can further the goals
of risk reduction and pre-disaster mitigation.
Open Space Management. The conservation and maintenance of open
space in close proximity to human developments often necessitates a
program of active management of the “natural” landscape. Problems like
invasive species, and the interruption of natural fire regimes pose challenges
that must be overcome. The presentation at this conference emphasized the
importance of fire in the maintenance of healthy wetlands communities on
the Mississippi coastal plain.
Development Codes and Ordinances. Too often, attempts to create an
environmentally sensitive subdivision design are thwarted by existing codes
and regulations requiring large lots and setbacks, wide, straight streets, and
simplistic stormwater management structures. Developing codes permitting
flexibility can be challenging, particularly for smaller communities. This
session presented some of the challenges and opportunities available to
local communities through revision of their subdivision regulations.
Tax Incentives. Despite the economic, aesthetic, and environmental
benefits of conservation development, some communities and developers
remain slow to embrace the concepts. For those cases, incentives at the
federal, state, and local level can smooth the way toward implementing
conservation design.

Friday’s sessions consisted of a presentation and hands-on workshop on
conservation development by Randall Arendt, Vice-President of Conservation
Planning at the Natural Lands Trust, and an internationally known planner, site
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designer, and advocate of conservation developments. Mr. Arendt led
participants on a slide-show tour of neighborhoods exhibiting features of
conservation design across the United States and Europe. Some of the examples
involved recent developments, others century old residential and commercial
areas. In the afternoon workshop, individuals and small groups worked on
developing their own site plan for an area in Virginia, applying the concepts of
conservation design to a real world example.
Conference Results
Approximately 130 people attended the conference, representing a wide range of
interests and points of view. Realtors, bankers, engineers, city planners, state
and federal regulators all were represented. Overall, the conference and its
message were well received. Though the conference did not result in any new
policy initiatives or decisions, the primary goal, to introduce the concepts of
conservation design in a positive light, was achieved. The conference also
reinforced the notion of local control over land use decisions, and demonstrated
clearly that a market-driven approach to environmental protection through land
use decisions is possible.

Jay Charland
Coastal Programs Division, NOAA
1141 Bayview Ave, Ste 101
Biloxi, MS 39530
Phone: (228) 374-5000 x5103
Fax: (228) 374-5008
Email: jay.charland@noaa.gov
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A WEB-BASED, SPATIAL INFORMATION TOOL FOR
EVALUATING PROGRESS TOWARD SUSTAINABLE
COASTAL COMMUNITY GOALS
Nancy Cofer-Shabica, Technology Planning and Management Corporation
Sandy Eslinger, NOAA Coastal Services Center
Kim Hatfield & Mary Barczak, Tillamook County Performance
Partnership/Tillamook Bay National Estuary Program
Abstract
Within recent decades, declines in water quality, destruction of salmonid
habitats, and losses from natural hazards have significantly impacted Tillamook
County's natural resource-based economy. These problems have highlighted the
need for community-based solutions for improving water quality and fish
habitat, and reducing flooding hazards. In response to this need, a sciencebased, community-supported management plan has been established through the
Tillamook Bay National Estuary Program (TBNEP).
This work, the
Comprehensive Conservation and Management Plan (CCMP), represents a longterm, multidisciplinary strategy for environmental sustainability in Tillamook
County. The National Oceanic and Atmospheric Administration (NOAA)
Coastal Services Center is working with TBNEP and the Tillamook County
Performance Partnership (TCPP) to develop a prototype, Web-based spatial
information tool to track progress and performance in CCMP projects and
encourage continued community participation in the implementation of the
CCMP. The tool, called PIVOT (Performance Indicators Visualization and
Outreach Tool), will logically and spatially link watershed activities and CCMP
enhancement projects with local environmental issues of concern. PIVOT will
capitalize on Internet technology and help the TCPP engage community
members in the progress and performance of CCMP efforts.
The Tillamook Bay watershed CCMP PIVOT prototype will be presented here.
Within the context of the tool's interactive maps and graphics, stakeholders and
managers will be able to examine selected CCMP projects and, as additional
monitoring data is collected, interpret project effectiveness. Although this tool
is designed around Tillamook-specific issues, the concept has potential for
broader applicability to performance monitoring and adaptive management for a
range of sustainability issues.
Introduction
Sustainable communities are envisioned as places of environmental health,
economic viability, and social equity. Because sustainable communities are
unlikely to be achieved without consensus, efforts to create sustainable
communities need to be integrative, inclusive, and participatory. The Tillamook
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Bay National Estuary Program (TBNEP) Comprehensive Conservation and
Management Plan (CCMP) is one such effort. Developed by consensus over a
four-year period and designed to address the most significant environmental
problems in the watershed, the CCMP represents a long-term, watershed-level,
multidisciplinary endeavor for environmental sustainability in Tillamook
County. The prototype Performance Indicators Visualization and Outreach Tool
(PIVOT), introduced here and applied to Tillamook County, encourages the
continued participatory nature of the plan by engaging community members in
the CCMP's continued unfolding and development.
The TBNEP CCMP focuses on a sustainable environment, but community-level
economic and social conditions are often directly or indirectly impacted by the
health of the local environment as well. For example, declining fish runs result
in loss of income for commercial fishermen and local businesses dependent
upon fishing. Decreasing water quality results in violations of federal clean
water standards and frequent closure of commercial shellfish beds. Humaninduced changes over time in water flow and drainage patterns increase the
economic impact of flood events. (TBNEP/TCPP 2000)
The NOAA Coastal Services Center’s Performance Indicators Visualization and
Outreach Tool (PIVOT) is described here as it is applied to the Tillamook Bay
watershed CCMP. The “PIVOT for Tillamook” pilot application demonstrates
how this Web-based visualization and outreach tool can support the
management and implementation of sustainability initiatives such as the TBNEP
CCMP. Through a user-friendly interface, PIVOT can increase community
awareness of watershed management issues. PIVOT provides graphics and
interactive maps of up-to-date local data that logically and spatially link
identified problems, selected priority action plans, and the monitoring data
designed to assess action plan effectiveness. Through its visualizations, PIVOT
also aims to increase understanding of the interrelationships of management
issues and the factors that contribute to them.
Study Area
Tillamook Bay is located on the north Oregon coast, about 40 miles south of the
Columbia River mouth. The bay, one of the largest and most productive of the
state’s estuaries, has historically supported commercial fishing and oyster
mariculture industries. The Tillamook Bay watershed (Figure 1) encompasses
portions of the low Coast Range as well as the narrow coastal plain. Of the
watershed's 358,450 acres, 89 percent is considered forest land, 6.5 percent is
used for agriculture, 1.5 percent is taken up by urban or rural development, and
3 percent is covered by water (Oregon Department of Environmental Quality
[DEQ] 1992). Forestry, dairy farming, and tourism are important economic
activities in the watershed area. Within recent decades, however, declines in
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Figure 1. The Tillamook Bay watershed: pilot study area for PIVOT.
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water quality, destruction of salmon habitats, and losses from natural hazards
have significantly affected the area ‘s natural resource-based economy. These
problems have highlighted the need for tools that will help foster improved
water quality and fish habitat, and reduced flooding hazards.
The Tillamook Bay Watershed Comprehensive Conservation and
Management Plan
In 1994, Tillamook Bay became part of the Environmental Protection Agency's
National Estuary Program. The National Estuary Program targets a broad range
of issues, focusing not just on improving water quality in an estuary, but on
maintaining the integrity of the whole system. Under this program, stakeholders
work together to identify problems in the estuary, develop specific actions to
address those problems, and create and implement a science-based, communitysupported management plan. TBNEP coordinated the development of its
CCMP, working with the local community to address environmental problems
and to establish a long-term strategy for sustaining the natural resources of
Tillamook Bay. The resulting CCMP is a watershed-level management plan
developed during four years of collaborative work by citizens, managers,
scientists, and political leaders. It sets forth a 10-year plan and 62 specific
actions that coordinate resources, strengthen commitments, and protect,
enhance, and sustain Tillamook Bay's natural resources (TBNEP/TCPP 2000).
Guiding implementation of the CCMP is the Tillamook County Performance
Partnership (TCPP). The TCPP is a consortium of community leaders, state and
federal agencies, private citizens, industries, and municipalities who share the
common goal of environmental restoration and economic development for
Tillamook County. The TCPP is committed to implementing the CCMP for
Tillamook Bay and its watershed. Accountability is a mandated element of the
performance partnership, and PIVOT will enhance TCPP/TBNEP accountability
reporting efforts.
PIVOT Components
PIVOT for Tillamook is designed to engage local users in CCMP
implementation, highlight current high priority projects, and allow stakeholders
visually and interactively to track progress and performance in focused areas of
the CCMP. The PIVOT framework includes educational text that integrates
static maps and graphics as well as an interactive spatial component. The visual
component of the PIVOT application is key to providing a spatial reference to
link a variety of land-use activities with environmental conditions in the
watershed.
The CCMP identifies four priority issues for the Tillamook Bay watershed:
water quality, habitat, flooding and sedimentation/erosion. Within PIVOT, an
interactive graphic portrays potential contributors to these issues as identified by
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the CCMP. JavaScript mouse-overs provide the user with summary information
on how a factor may contribute to one or several of Tillamook's priority issues.
As users explore a variety of factors the interplay between factors and issues
becomes evident. The graphic serves to illustrate that no single factor or event
can have caused the current problems. Rather Tillamook's environmental
problems are the result of the interplay of many factors over time and space
throughout the watershed. This is a valuable message for community members
sensitive to certain issues or the activities thought to contribute to them.
Individual Web pages for each issue highlight the overall environmental
recovery goals related to that issue. For each issue, a CCMP enhancement
project of current high priority will be explored in more detail. Information
drawn from and expanding the contributing factors graphic will explain how the
project may address environmental problems in the watershed. Using maps of
baseline and other relevant data layers, the on-the-ground results of a particular
action to date are placed in spatial context relative to monitored (or modeled)
indicator data and their collection sites. For example, one CCMP action plan to
address habitat degradation is to control livestock access to streams. To
illustrate this action's effectiveness for habitat restoration to date, PIVOT maps
would provide an interactive map showing streams, installed riparian fences, and
established photo-point monitoring stations. Several of the photo monitoring
points on the map would provide interactive links to time-series of monitoring
photos showing restoration of stream bank vegetation. This mapped data is
wrapped in educational text and links that describe the potential impacts on
water quality, sedimentation, and stream habitat of vegetated versus unvegetated
stream banks.
Because the Tillamook CCMP is in the early stages of project implementation,
the choice of specific action plans to highlight was determined by the
availability of data. However, the data available in early implementation likely
reflect current priorities. Later in the CCMP implementation process, as
priorities shift and data for other projects become available, other projects may
be showcased to highlight issues of immediate concern, to depict particular
successes, or to garner community support where the available data indicates
that adaptive management is called for.
The interactive mapping component of PIVOT is integrated as seamlessly as
possible into the HTML pages to create a user-friendly application. Rather than
offer users the traditional series of data layers to choose and refresh for openended spatial queries, the PIVOT application offers action-specific maps. Users
have pan, zoom, and identify functionality, but the data layers included are
fixed. Within those maps, radio buttons allow users to answer specific questions
related to the effectiveness of the highlighted action plan. The intent is to make
the application readily accessible for non–geographic information system users
and to provide the most crucial information for evaluating project effectiveness
with minimal time and effort required by the user.
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Further Development of PIVOT
Because the pilot application of PIVOT uses a program in its early stages of
implementation, we do not expect to fully develop all aspects of the Tillamook
PIVOT site within NOAA Coastal Services Center's one-year project time line.
We do hope to provide a full framework for the site into which more detailed
data can be added as implementation proceeds in the Tillamook Bay watershed
and more project results and monitoring data become available.
Clearly, no one of the Tillamook CCMP’s 62 actions will "solve” a given
environmental problem. However, over time monitoring data will begin to show
positive or negative trends in environmental conditions. In this initial offering
for Tillamook, PIVOT provides examples of how and what types of monitoring
data can logically be used to gauge project effectiveness (e.g., Federal
Emergency Management Agency flood claims, photo points, water temperature,
water turbidity). This pilot PIVOT for Tillamook does begin to provide the
community with engaging visualizations that illustrate logical relationships
between local issues and local data. The pilot project sets the framework for
continued reporting of monitoring data over the 1 to10 year life of the CCMP
actions. As CCMP projects and monitoring efforts proceed, PIVOT can help
report trends and continue to showcase priority projects for a broad local
audience. PIVOT can also help connect in users' minds environmental issues,
contributing factors, CCMP action projects, and monitoring data for evaluating
project performance.
Over the CCMP's long term, this type of public outreach and visualization of
trends in data can play an important role in garnering support for adaptations to
the plan. Using monitoring data spatially referenced to CCMP projects in a
visually appealing way, managers can demonstrate for community members
areas where adjustments may need to be made in action plans. In this way,
PIVOT encourages the continued participatory nature of the CCMP, allowing
monitoring data to generate support for adaptive management responses.
Tillamook County was chosen as a pilot location for PIVOT based on its
application of broad watershed management planning concepts. The NOAA
Coastal Services Center is partnering with the National Association of Counties
Watershed Management Program to promote the tool's applicability to other
watershed-level sustainability initiatives. Because watershed management
issues directly and indirectly affect economic conditions, we consider the
PIVOT concept a valuable tool with the potential to support the outreach and
reporting efforts of a wide range of sustainability initiatives.
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Conclusions
The PIVOT framework created for the Tillamook Bay watershed CCMP
provides a proof of concept, demonstrating the usefulness of this Web-based
outreach tool that incorporates current on-the-ground data and provides
stakeholder education, program accountability, and performance visualization.
PIVOT specifically supports the inclusive, integrative, and participatory
qualities of community-based sustainability initiatives. By focusing attention on
the interrelationship of various factors, and providing a forum for data-driven
accountability reporting, PIVOT can encourage the information sharing
necessary for the formation of a "living" plan for sustainability that can evolve
through adaptive management.
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ABSTRACT

MARKETS FOR TRADITIONAL NEIGHBORHOODS
Beth Della Valle, Community Planning & Investment Program, Maine State
Planning Office

Sprawl is occurring across the nation. Maine's coastal program has long
supported pilots for innovative land management. Smart growth is no exception.
Maine residents have identified sprawl as a problem demanding State attention principally through nonregulatory means. Maine's effort is unique because it
uses market research to identify homebuyers likely to reconsider decisions about
buying a home in more compact patterns. 38% of Maine's market, or 11,000
homes per year, are "fertile ground" for a targeted marketing campaign. Maine's
research confirms markets exist for traditional neighborhood development, but
options are limited if buyers desire new homes elsewhere than rural or suburban
lots. Local ordinances often ban traditional neighborhoods. Homebuilders have
built little besides suburban homes for so long, they're skeptical another market
exists, and consumers assume there is no alternative. Maine's research suggests
homebuyers will choose traditional neighborhoods, if they are available. Maine's
strategy involves intensive education about alternatives to sprawl and relies on
individuals changing their homebuying behavior. It targets three audiences -homebuyers; homebuilders; and municipalities to identify markets attracted to
traditional town settings; alert developers to characteristics of viable markets for
traditional neighborhoods; and persuade municipalities to reduce obstacles that
inhibit their development. Maine's experience demonstrates a multifaceted
approach is necessary to address sprawl, that a regulatory approach, even when
focused on broad municipal involvement, has only limited success, and that
while targeted investments techniques offer promise, a critical component of
success must rely on individuals understanding and changing homebuying
behavior.
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LIVING ON THE COAST
Caroline Kurrus, NOAA Coastal Services Center

Smart Growth Tools On The Internet
Abstract
Finding tools to plan for growth has become a priority for many coastal
communities. Because the planning and coastal management fields are
multidisciplinary, searching a diversity of web sites for relevant information can
be inefficient. In addition, case studies describing smart growth approaches do
not always describe a community's methodology, which, when documented and
made available over the Internet, can be adapted by other communities.
To address these issues, the NOAA Coastal Services Center is developing Living
on the Coast, a Web site that highlights basic design principles and consolidates
existing techniques adaptable to coastal areas for use by planners, developers,
and coastal and natural resource managers.
Managing Coastal Growth
Coastal Development Patterns
Coastal communities are places where more and more people are choosing to
live, work, and recreate. While many localities welcome the economic
development that accompanies growth, they are also concerned with how these
changes will impact their quality of life.
Coastal areas hold the nation's fastest growth rates and the largest urban centers.
Between 1960 and 1990, population in coastal areas increased by over 35
percent, slightly higher than the growth rate for the rest of the U.S. In 1990,
almost one-half of the nation's population lived in coastal counties along the
shores of the Great Lakes, the Pacific and Atlantic Oceans, and the Gulf of
Mexico. Nationwide, population in coastal areas is expected to continue to
increase by approximately fifteen percent over the next decade (NOAA 1990).
Coastal areas also support some of the most densely populated areas in the
country. In 1960, population density averaged 61 persons per square mile for the
entire U.S., and 248 persons per square mile in coastal counties. Between 1960
and 1988, average population density of coastal counties grew by about 40
percent, and this trend is expected to continue (NOAA 1990).
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The Smart Growth Approach
Coastal communities face a number of different challenges as they make
planning and policy choices. A rural waterfront community may be struggling
with attracting new industries to offset a decline in fisheries, protecting sensitive
habitat, and balancing the needs of working watermen, recreational boaters, and
tourists. An urban coastal community, on the other hand, may be trying to meet
demands for affordable housing, protect public access to the waterfront,
revitalize abandoned industrial sites, and manage port expansion and other
water-dependent industries.
In both cases, there is a potential for conflict between various interests. Leaders
in sustainable development and smart growth, however, argue that economic
development does not have to occur at the expense of the environment, and
environmental protection can be good for local economies. Smart growth and
sustainable development emphasize the need for development to benefit the
community at large by balancing social, economic, and environmental priorities.
The Role of Coastal Management
The Coastal Zone Management Act (CZMA) was passed by Congress in 1972,
establishing a partnership between coastal states and the National Oceanic and
Atmospheric Administration (NOAA) to manage the coast. Specifically, the
CZMA was designed to:
preserve, protect, develop, and where possible, to restore or enhance, the
resources of the nation's coastal zone for this and succeeding generations;
and
encourage and assist the states to exercise effectively their responsibilities
in the coastal zone through the development and implementation of
management programs . . . giving full consideration to ecological, cultural,
historic, and esthetic values as well as the needs for compatible economic
development.
Under the CZMA, state-run coastal management programs work to achieve a
number of objectives, including the following:
protect natural resources,
manage coastal development to minimize the loss of life and property
caused by improper development [in vulnerable areas],
give priority consideration to coastal-dependent uses,
provide public access to the coast for recreation purposes,
assist in the redevelopment of urban waterfronts and ports, and sensitive
preservation and restoration of historic, cultural, and esthetic coastal
features,
support planning, conservation, and management of living marine
resources,
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encourage the participation and cooperation of the public, state, local, and
regional governments, and other federal agencies.

Today, almost all of the 35 eligible U.S. states, territories, and commonwealths
operate federally approved coastal management programs, and over $1.6 billion
in federal and state matching funds have been awarded to implement state
coastal management programs (NOAA 1998).
The Need for Access to Tools and Techniques
Coastal managers, who have expertise in areas such as environmental sciences,
planning, or coastal or natural resource management, use a number of
techniques to manage the coast: regulation, land use planning, land and water
management techniques, and research and assessment (NOAA 1998). They
share information and knowledge with colleagues in a number of ways,
including newsletters, training, conferences, and the Internet. According to a
1999 survey, all of the coastal management offices have access to the Internet
(NOAA 2000), which has become a vital source of information and contains
many resources about sustainable development and smart growth.
Resources for smart growth and sustainable development on the Internet include
issue-based information, case studies and success stories, tools, resources, and
links to other organizations. Because the planning and coastal management
fields are multidisciplinary, searching a wide diversity of Web sites for relevant
information can be time-consuming and ineffective.
In addition, case studies may provide good models, but they do not always
describe a community's step-by-step process. For example, community leaders
may understand the importance of identifying vulnerable areas, but may not
know how to conduct a vulnerability assessment. If these types of
methodologies are documented and made available over the Internet, other
communities can adapt the techniques to their own needs. Having access to an
array of techniques can also help identify data, information, and staff training
needs, and can assist in developing outreach and marketing plans.
Living On The Coast: Smart Growth Tools On The Internet
To address some of these issues, the NOAA Coastal Services Center is
developing "Living on the Coast", a Web site that consolidates existing smart
growth tools and techniques that are adaptable to coastal areas. The tools are
organized by a broad set of principles and a series of guidelines that reinforce
concepts of smart growth and coastal management:
Know Your Place (how to obtain and use different types of data),
Design for People (smart growth planning and policy strategies), and
Build for the Future (real estate, development, and construction techniques).
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Each of these categories features existing planning tools such as performance
indicators, cultural and natural resource inventories, and green building
techniques, as outlined in Table 1. Planners, developers, natural resource
managers, and others will be able to select and adapt measures to their needs.
A number of organizations and individuals have developed guidelines to
promote environmentally sound development. Some are philosophical
principles, while others are technical specifications. The guidelines created for
this project provide a starting point for coastal communities to approach smart
growth, and they link directly to techniques that can assist communities with
implementation. They also focus on pressures facing the coast, including
demands for new housing, impacts of tourism and recreation, the challenges of
waterfront redevelopment, protection and restoration of open space and habitat,
and development in areas vulnerable to erosion and other coastal hazards.
Know Your Place
"Know Your Place," the first principle, emphasizes the need to understand the
identity of a place. A technique that succeeds in one place may not work
elsewhere because of differences in culture, climate, or politics. To know a place
well takes time, intuition, and patient observation. Wendell Berry, farmer, poet,
and teacher, writes in "An Argument for Diversity" that "the sciences and the
humanities are going to have to come together again in the presence of the
practical problems of individual places, and of local knowledge and local love in
individual people" (Berry 1990). The following guidelines identify types of
information and the techniques used to understand the local context:
•

Gather Relevant Data. What issues is the community facing, and what
knowledge would assist in making informed decisions? The town of
Freeport, Maine, for example, wants to identify its natural and cultural
resources to implement its open space plan. The town may need to establish
a baseline inventory—land cover, biological resources, scenic vistas,
historic features—and identify areas vulnerable to erosion or other hazards.
It can conduct interviews and surveys, and gather demographic data to
anticipate the social and economic impacts of decisions.

•

Understand Local Trends is about using data to show change or anticipate
future scenarios. Comparing information over time will help Freeport
identify important trends. Is forest or farmland being converted to
residential development, and at what rate? Based on the current zoning,
what will the area look like at current development rates in 20 years? What
indicators can Freeport establish to measure future change?

•

Engage Citizens and Partners. Much of the dialogue about sustainable
communities is about local quality of life issues. What do the residents of
Freeport value about their surroundings? What are their concerns for their
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Table 1. Project Overview: Principles, Guidelines, and Examples of Techniques
L I V I N G O N T H E C O A S T
1. Know Your Place
2. Design for People
Gather relevant data
Protect community resources
§ Natural and cultural resource, social
§ Land conservation and policy tools
science, monitoring, and spatial data
§ SAMPs, watershed, habitat
sources
restoration, open space plans
§ Community profiles, inventories
§ Historic, cultural, scenic preservation
§ Risk and vulnerability assessments
plans
§ Social, environmental, economic
Foster healthy places
impacts of decisions
§ Model zoning ordinances (mixedUnderstand local trends
use, cluster, etc.)
§ Decision analysis tools (indicators,
§ Transportation choices (TOD,
performance measures, modeling, etc.)
greenways, walkable places)
§ Housing, neighborhood choices
Engage citizens and partners
§ Access to shorelines, natural and
§ Public participation tools (visual
cultural areas, waterfronts
preference surveys, charrettes,
Evaluate economic opportunities
visioning, etc.)
§ Marketing plans, public policy
§ Incentives, disincentives
§ Funding options, partnerships
§ Waterfront, port, harbor plans
§ Tourism, recreation plans
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3. Build for the Future
Avoid vulnerable places
§ Hazard mitigation techniques
§ Emergency preparedness planning
§ Risk and vulnerability assessments
Use existing infrastructure
§ Regional/urban service agreements
§ Infill, cluster development
§ Brownfield, urban redevelopment
§ Urban growth boundaries
Benefit from natural systems
§ Stormwater design
§ Hazard mitigation
§ Green design techniques (site design,
energy reduction, materials)

•

community? And what is the most appropriate way to engage the public—
through interviews, hearings, planning workshops, design charrettes, or
other processes? Can neighboring localities, nonprofits, industries, or state
or federal partners help with implementation?
Design for People

Urban critic Jane Jacobs recently commented that humans may be gradually
destroying their own habitat through urban sprawl. Healthy cities, like natural
systems, rely on diversity for growth and strength. “Design for People”
acknowledges that people need healthy ecosystems in order to prosper. This
section links users to planning, design, and policy techniques that help to apply
data and information, and is organized by the following guidelines:
•

Protect Community Resources. How can a community effectively safeguard
those resources it identifies as valuable? This section highlights tools such
as conservation easements and land acquisition, cluster and conservation
development, special area management plans, and the designation of habitat
corridors, historic sites, and cultural landscapes.

•

Foster Healthy Places. Downtown Freeport is dominated by retail outlets
attracted by the success of L.L. Bean, Freeport's world-famous sports and
apparel merchant. The old town library now houses Abercrombie and Fitch,
Main Street residences serve up bed and breakfast, and the city hall may
also be converted into retail space. What techniques could encourage a
greater mix of commercial and residential uses? Is affordable housing
available to meet the needs of those who work downtown? What
transportation strategies could alleviate the ever-growing demand for
parking lots? This section includes information on how to encourage mixeduse development, walkable communities, housing and neighborhood
choices, and access to coastal recreational opportunities.

•

Evaluate Economic Opportunities. How does tourism affect Freeport's
economy, its social services, and its natural and cultural environment? What
other industries are appropriate for Freeport, given its farming, fishing, and
shipbuilding heritage, its location on the coast, and its proximity to
Portland, Maine's largest urban area? This section will link to economic
development and redevelopment strategies, incentive programs, public and
private funding sources, and other information.
Build for the Future

"No human creation lasts forever and design does not solve all problems," wrote
architect William A. McDonough in "The Hannover Principles: Design for
Sustainability" (McDonough 1992). Our predecessors left us the legacy of the
family farm, Main Street, cul-de-sacs, and superhighways. What remnants of the
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built environment will we leave the next generation? “Build for the Future” links
to site planning, real estate, development and construction techniques that follow
these guidelines:
•

Avoid Vulnerable Places. How can communities along the coast avoid
building or rebuilding in places that are vulnerable to hazards such as
storms, hurricanes, tsunamis, and landslides? What building materials and
construction practices can reduce the risk of damages? What techniques
such as dune restoration or wetlands protection can a town use to make an
area more resilient to impacts from storms and flooding?

•

Use Existing Infrastructure. Whether it’s a sewer line, public water supply,
or an abandoned industrial site, using existing infrastructure can often save
money and protect the environment. Sharing services within a region
increases efficiency for some communities. Redeveloping industrial
brownfields and developing existing urban lots can eliminate the need for
new roads. Power- and water-saving technologies can reduce the need to
build new infrastructure.

•

Benefit from Natural Systems. Nature offers many of its services for free.
Wetlands and forests are natural buffers, absorbing runoff, reducing flood
damage, and filtering sediments before they pollute local streams and
estuaries. Stable dunes offer protection from winds and rising tides. How
can technology, design, and building practices work in tandem with nature?
Assistance Needed

"Living on the Coast" will lay the foundation for potential community
workshops to develop or document new tools and address other needs. The Web
site, which is scheduled for September 2000, is being integrated with the
Environmental Protection Agency’s Office of Water, Oceans, and Wetlands
smart growth Web site and the Center's "Coastal Techniques" site, which will
feature an on-line discussion group to share solutions.
"Living on the Coast: will highlight model planning, development, and
management tools that focus on technique. Please send ideas, techniques,
comments, and questions to Caroline Kurrus at caroline.kurrus@noaa.gov.
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THE SOUTHWEST WASHINGTON COASTAL EROSION STUDY:
A SCIENTIFIC RESEARCH PROJECT
TO ADDRESS MANAGEMENT-SCALE OBJECTIVES
George M. Kaminsky, Coastal Monitoring & Analysis Program, Washington
Department of Ecology
Guy Gelfenbaum, Coastal and Marine Geology Program, United States
Geological Survey

Abstract
The Southwest Washington Coastal Erosion Study is a five-year, multidisciplinary research project designed to build a knowledge foundation as a
sound basis for addressing coastal management objectives. The purpose of the
Study is to gain an understanding of a regional coastal sediment system, the
Columbia River littoral cell, in order to support local, state, and federal decisionmaking in land-use planning, resource allocation, and hazards reduction. In
particular, the Study intends to obtain sufficient information so that future
coastal conditions, particularly shoreline change and its associated impacts, can
adequately be anticipated or predicted. The Study has developed products based
on significant findings to assist coastal managers, including preliminary
predictions of future shoreline positions. Many types of data and information
covering a cascade of temporal and spatial scales are now being integrated to
derive vulnerability assessments that consider the probabilities, uncertainties,
and constraints of the various factors that influence coastal change. However,
due to the inherent complexity of the coastal system, some scientific questions
relevant to specific management questions will remain unanswered without
additional investigation and/or long-term monitoring.
Background
For some five thousand years the beaches along the southwest coast of
Washington and northwest coast of Oregon accumulated Columbia River
sediment, creating broad coastal barrier plains and dune fields. Coastal
management issues along the Columbia River littoral cell have historically dealt
with problems associated with accreting and drifting dunes that interrupted
homeowner views and restricted public access. Incidents of coastal erosion
were viewed as localized or temporary problems with minimal societal
implications. Questions regarding the permanence and safety of development
on the rapidly accreting barrier plains were rarely if ever raised as a
management concern, due in part to the high rates of sand accumulation along
with relatively sparse and inexpensive development patterns. However, within
the past few decades the growth of coastal communities has accelerated while
accretion rates have generally slowed and several areas became recognized as
exhibiting an erosional trend. Since December 1993, erosion at several sites has
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struck as community crises, threatening or destroying community infrastructure,
resource-based industries, public parks and access, and public and private
property. In response to recent erosion problems, over $70 million has been
invested in coastal stabilization projects.
Land-use planning and coastal permitting decisions in Washington State are
primarily made at the local level, and the combined local and state capacity,
whether scientific or management-oriented, has been inadequate to address
growth and development pressures along the southwest Washington coast.
Local governments have lacked basic data and information needed for sound
decision-making and long-term coastal planning, and as a result, communities
have been relatively unprepared to deal with the magnitude of the problems
associated with recent coastal erosion trends. Coastal communities would rarely
get beyond informed crisis management (Gale, 1997). Local communities have
been grappling with basic questions such as: when or where will the erosion
stop?; what constitutes responsible action?; are there feasible interim measures?;
what are the appropriate long-term solutions?; and where might other erosion
problems occur in the future? The lack of answers to these fundamental
questions provided the motivation to
initiate the Southwest Washington
Coastal Erosion Study in May 1996.
Littoral Cell Science and
Management

Washington

Oregon

The Columbia River littoral cell is
bounded to the south by Tillamook
Head, Oregon and by Point Grenville,
Washington to the north. The beaches,
barriers, coastal plains, estuaries, and
inner-shelf along this stretch of coast
contain nearly all of the sand discharged
from the Columbia River over the last
several thousand years (roughly 80 to 90
percent of the total sediment load is silts
and clays that accumulate on the midshelf and in the deep sea). The littoral
cell presently features four major
concave-shaped, offset sections of
accreted land separated by the Columbia
River and two large coastal plain
estuaries, Willapa Bay and Grays
Harbor (Figure 1). Together, these four
beach segments, or sub-cells, make up
the major geographical components of
the littoral system.
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Figure 1. The Columbia River
littoral cell spans a 165-km
coastline in the Pacific
Northwest, USA.

The definition of littoral cell boundaries is essential for calculating a sediment
budget and analyzing changes in the coastal system. For example, sediment
may be added or removed from a littoral system, and/or sediment may be
redistributed between the various compartments within the system. Over
timescales of millennia, the Columbia River contribution has resulted in a net
increase of sediment in the littoral cell, despite potential external losses to the
mid-shelf and submarine canyons. Knowing the external inputs to and outputs
from the system is necessary for quantifying possible volumetric changes of the
internal compartments. Once the total sediment budget is quantified, including
the sediment volumes of the internal compartments, it is possible to determine
the extent to which a beach might accrete, based on the quantity of sediment
available from sources such as the inner-shelf and ebb-tidal deltas. Likewise,
the extent to which a beach might erode could be determined based on the
capacity of and transport potential to sediment sinks such as estuaries, and the
barrier dunes.
Details of the Columbia River littoral cell sediment
compartments and budgets are provided in Gelfenbaum et al., (1997 and 1999).
The concept of the littoral cell is also useful to coastal management. In coastal
management, the concept emphasizes the inter-connections among the various
compartments, whereby human intervention and natural perturbations within
one part of the littoral cell may affect the other parts as well. This concept is
especially important in consideration of shoreline stabilization measures where
sediment retention at one location may lead to a downdrift sediment deficit,
resulting in beach erosion. The utilization of dredged material to maintain
sediment budgets and natural sediment dispersal pathways within the littoral cell
is another key management application of the littoral cell concept. Although
neither Washington State nor the local communities in southwest Washington
have adopted a littoral cell management scheme, coordination of efforts to deal
with coastal erosion issues among the Washington communities has been greatly
enhanced since the inception of the Study. In Oregon, littoral cell management
planning has been strongly encouraged and implemented on a voluntary basis.
Motivation and detailed guidelines for developing littoral cell management plans
in Oregon is provided in Shoreland Solutions (1995).
The Study Design
Initially conceived by the recognition of a lack of basic understanding of coastal
processes and resulting changes, the Southwest Washington Coastal Erosion
Study is now entering its final year of a five-year investigation of the 165-km
long Columbia River littoral cell. The Study is jointly sponsored and directed
by the US Geological Survey Coastal and Marine Geology Program and the
Washington Department of Ecology Coastal Monitoring & Analysis Program,
with active participation by local communities. Kaminsky and Gelfenbaum
(1999) provide details about the development of this federal-state-local
partnership. An overview of the Study elements and initial results is provided in
Kaminsky et al., (1997). The present paper emphasizes the Study approach that
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has been specifically designed to address management objectives. Principally,
the research plan has been devised to be applicable to planning horizons
covering distances of tens of kilometers and time frames of decades, scales often
neglected in scientific endeavors.
The research plan was developed in recognition of the need to provide
information for resolving coastal erosion crises and reducing future impacts of
coastal hazards. At the outset of the Study, temporary measures were being
implemented to mitigate the initial impacts of erosion in order to gain sufficient
time and information to plan actions leading towards long-term solutions. The
recognition of the need to know future shoreline positions (decades) in order to
develop viable management alternatives over the long term became a driving
influence on the design of the Study. Secondly, sparse information at isolated
project locations provided the impetus to develop regional and long-term data
establishing a context to address site-specific problems. A basic understanding
of where, why, and the extent to which erosion problems would occur in the
future was largely unknown. Moreover, because remedial actions, whether
implementation of shoreline stabilization, relocation of infrastructure, or a
decision to do nothing would result in costs of several million dollars, a basic
need developed for reliable information and prediction of future conditions in
order to proceed in an acceptable manner.
The Study has therefore been designed to investigate this coastal region from a
systems perspective and include assessments of the relevant factors that
influence coastal change, such as sediment budget, regional tectonics, climatic
forcing, and human intervention. Major goals of the study are to: understand
regional sediment system dynamics; determine natural and anthropogenic
influences on the littoral system; and predict coastal behaviour at a management
scale (i.e. decades and tens of kilometers).
Because the Study has a principal focus on applying knowledge gained from
research to practical management and decision-making, two priority efforts are
emphasized here:
1.

Predict coastal behaviour at scales relevant to management. Predictive
modeling at scales of decades and tens of kilometers rely heavily on the
concept of nested hierarchical scales of coastal systems whereby it is
possible to scale down from geological-based models and scale up from
processes-based models. Initially, the work involves producing realistic
scenarios of future coastal change based on an integrated understanding of
the coastal evolution of the Columbia River littoral cell. Probable scenarios
and first-order predictions are now being developed. Combined monitoring
and modeling efforts will be essential to continued improvements of
predictive capabilities, especially those associated with quantifying
shoreline change and accurately defining future positions of the shoreline
and its dynamic range over relevant temporal and alongshore spatial scales.
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2.

Provide decision-support products and technical assistance that directly link
scientific research with coastal management needs. Most importantly, this
work requires the identification of sections of the coast susceptible to
erosion, flooding, and impacts from coastal changes (Voigt et al., these
proceedings). Information on vulnerable areas needs to be developed to
mitigate coastal hazards, guide land-use planning, and enable prudent
investments in community infrastructure. A variety of diagnostic tools can
be developed to determine what is at-risk and help communities define
acceptable levels of risk. A principal challenge will be to manage the
inherent uncertainties in identification of the vulnerable areas and to provide
a variety of products to support the decision-making process of coastal
managers.

In order to develop these predictive capabilities and decision-support products,
the Study necessarily takes a systems analysis approach that involves multiple
tasks grouped into the following categories:
1) Coastal Change: analyses of past and present changes in geomorphic
features that include barrier evolution, shoreline behaviour, beach
monitoring, and bathymetric change. These efforts involve mapping the
evolution of the littoral cell over a continuum of scales ranging from days
and meters to millennia and hundreds of kilometers in order to understand
the system functioning. The observed coastal changes are being related to
environmental forcing, climatological events, sediment budgets, and other
influences, including human intervention and tectonic activity.
2) Sediment Budget: analyses of the littoral system that includes assessment
and quantification of the Columbia River source, and sediment sinks
including the barriers, bays, and shelf. Related tasks involve identifying the
internal sediment compartments and the pathways and magnitudes of
sediment flux between compartments.
3) Coastal Processes: studies that measure, monitor, and/or model currents,
waves, sediment transport and other climatic conditions that drive coastal
response over a wide range of spatial and temporal scales.
4) Predictive Modeling: predictions of shoreline change and shoreface
translation based on integrated input data sets derived from the analysis of
coastal change, sediment budgets, coastal processes, and other
environmental forcing conditions and geological constraints. The initial
predictions are refined through iteration with nested data
collection/monitoring.
5) Management Support: tasks that involve susceptibility analyses,
development of Decision Support Systems and databases and application of
Study results to case studies.
These research categories are designed to obtain information on most of the
factors needed to predict coastal change over a variety of temporal and spatial
scales (Figure 2). Nevertheless, quantitatively accurate prediction of coastal
changes should be recognized as inherently complex and exceedingly difficult at
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any scale. Determining the correct process-response relationships in coastal
change is confounded by time-dependent initial conditions, variable sensitivities,
time lags in response, and variable duration of transient periods between states.
Even if it were possible to obtain all the information at the required accuracy
and develop it into a coherent understanding, long-term predictions may remain
elusive. This difficulty is due to the fact that natural phenomenon such as the
magnitude and frequency of storms, climatic fluctuations, and tectonic events
are stochastic processes, meaning that they depend on random variables that can
not be predicted with certainty. At best, stochastic processes can be associated
with probabilities of occurrence and levels of uncertainty.
Therefore,
probabilities and uncertainties are integral components to the most advanced
decision-support products. A combination of approaches is needed to confine
and integrate both predictions and uncertainties in order to overcome the natural
complexity of coastal system evolution. The development and use of expert
knowledge and experience is a fundamental requirement in this process.

Predict Management Scale
Coastal Change

Low-order net
trends over millenia

Historical change
influenced by
human intervention

Higher-order
processes-driven
fluctuations

Figure 2. Schematic representation of the Study approach to develop
predictive models for the Columbia River littoral cell. The trends, patterns,
and variability of coastal change are determined based on the combined
influences of: a) the inherited geological framework and processes that
govern long-term trends; b) century-scale perturbations (often humaninduced) that affect regional changes in coastal configuration; and c)
interannual-scale morphodynamic behaviour driven by short-term, smallscale processes.
While coastal change predictions, Decision Support Systems, and other results
relevant to management are under development, the Study has engaged in efforts
to provide technical assistance to the management community. Technical
assistance to local communities occurs in a number of ways, such as data
sharing, information transfer, product development, technical consultation, site
monitoring and mapping, proposal review, and educational outreach. Some of
the ways the Study serves federal, state and local agencies include:
• identifying and monitoring coastal environmental indicators
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•
•
•
•

developing a state-wide perspective on coastal hazards and land-use
management
providing information to support non-regulatory solutions to coastal
problems
providing best available science as a basis for regulatory and
management decisions
providing expertise for specific projects, policy options, and
environmental assessments

Study scientists have been involved with advisory committees, briefings to
elected officials, public workshops, conferences and educational events. Some
specific public outreach and education products include a video (Wessels et al.,
1998), a glossary of terminology (Voigt, 1998a), an internet web site, brochures,
fact sheets, local displays and exhibits, public presentations, and newspaper
articles. The Study is continuing to generate new products to facilitate the
integration of scientific knowledge with the decision-making process of coastal
managers (Voigt, 1998b).
Scientific Findings of Significance to Coastal Management
Geological data from the Study show that the beaches in the Columbia River
littoral cell have grown seaward at rates on the order of 0.5-1.0 m per year
averaged over the last few thousand years (Peterson et al., 1999). This net
beach accretion has occurred despite massive episodic shoreline retreat on the
order of a few hundred meters associated with large Cascadia subduction zone
earthquakes (Doyle, 1996). The last major earthquake along the coast occurred
on January 26, 1700 (Satake, et al., 1996), and the average return interval for
these large-scale events is approximately 500 years (Atwater and HemphillHaley, 1997).
In contrast, historical shoreline change analysis from topographic surveys and
aerial photos has revealed high rates of beach accretion following jetty
construction at the Columbia River and Grays Harbor during the early 1900s.
The highest rates of beach accretion (tens of meters per year) occurred adjacent
to the jetties during the first few decades following their construction. Over
several decades, the shorelines at distances of up to 20 km from the jetties also
advanced seaward, while accretion rates next to the jetties tended to decrease.
Combined bathymetric change and shoreline change analysis has revealed that
much of the historical accretion patterns and rates are primarily due to sediment
redistribution from the ebb-tidal deltas of the Columbia River and Grays Harbor
to the adjacent coasts (Kaminsky et al., 1999a). After an initial flux of onshore
sediment movement, the ebb-tidal deltas have diminished as a sediment source
corresponding to slowing accretion rates and/or the onset of shoreline erosion
adjacent to the jetties in more recent decades. In addition to the decrease in
sediment supply to the beaches from the ebb-tidal deltas, river flow regulation
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via dam and reservoir construction has diminished the sediment carrying
capacity of the Columbia River by approximately two-thirds over the historical
period (Gelfenbaum et al., 1999). The decrease in peak flood flows, which
reduces the amount of sand carried by the Columbia River, may also reduce the
discharge of sand from the estuary entrance to feed the adjacent coast.
These recent research findings have important management implications. As the
sediment supply to the beaches from both ebb-tidal deltas and the Columbia
River continues to decline, it is apparent that coastal communities will likely be
faced with increased potential for shoreline retreat. It is anticipated that the
shoreline will continue to evolve over several decades in response to the
declining sediment budget, and shoreline sections that advance will tend to do so
as a result of shoreline retreat elsewhere in the littoral system. Therefore, the
coastal management community will need to deliberate on both short-term
responses and long-term planning to deal with these anticipated changes.
The strategic use of dredged material from the estuary entrances will be
increasingly important to coastal communities in mitigating erosion trends. In
fact, coastal communities and the US Army Corps of Engineers, in cooperation
with many state and federal agencies, are actively engaged in developing ways
to enhance the beneficial use of dredged material at the mouth of the Columbia
River. The Corps of Engineers moves an average of 3.4 x 106 m3 per year of
sand from the navigation channel in the lower estuary. Investigations by the
Study suggest a relationship between the offshore steepening of the beach
profile and shoreline change at Fort Canby, just north of the Columbia River
entrance. These findings may help optimize innovative placement of dredged
materials to reduce coastal erosion.
In consideration of the relatively low-elevation barrier plains that have grown
seaward since the early 1900s, it is apparent that development on these accreted
lands is at increasing risk from the next Cascadia subduction zone earthquake.
Coastal communities may decide that all development is within the level of
acceptable risk. However, information from the Study, such as the location of
previous earthquake scarps (e.g. Peterson, et al., 1999), land elevation data, and
modeling results could be factored into land-use plans that recognize areas of
greater and lesser susceptibility to future damage or destruction from these
events.
Presently there is no specific policy to guide coastal development on accreted
lands for structures located landward of local set-back requirements, which
typically range from 30 m to 120 m from the seaward limit of vegetation.
Existing flood zone maps of the Federal Emergency Management Agency that
are intended to guide development in 100-year flood zones along the
Washington coast can be grossly inaccurate. Kaminsky et al., (1999b) found
that flood zone boundaries along the coast may not accurately delineate current
flood zones because of large shoreline position discrepancies in excess of 600 m
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in two locations. Shoreline monitoring and mapping must be an ongoing
activity in order for these kinds of products to be useful for long-term coastal
planning and hazard mitigation.
Study results have enabled the formulation of conceptual models of future
shoreline change that will continue to be tested and refined with additional data
as part of the scientific research process. However, these conceptual models are
already useful tools for generating a dialogue with the management community
to consider both management responses to the suggested implications and to
identify the particular questions that need to be addressed to assist the decisionmaking process. It is important that the Study and management community
grapple with these findings and implications during the preliminary stages so
those priority scenarios can be developed to a more precise level.
Likewise, improved prediction of coastal change will require continued
monitoring to provide an accurate record of local shoreline conditions and
promote a better understanding of the cause and effect relationships behind
coastal change scenarios. Combined monitoring and modeling programs are
important for validating shoreline change predictions and enhancing
predictive capabilities and thus, long-term planning (Ruggiero et al., these
proceedings). In addition, the collection of other data sets may be necessary
to address specific science or management questions. For example, highresolution bathymetric surveys could reveal transfers of sand between the
inner-shelf and the beach, having implications for assessments of future
coastal change, the use of dredged material, and the influence of coastal
structures on sediment entrainment or deposition.
Concluding Discussion
A primary goal for the final year of the Study is the development of products
and the transfer of data and knowledge from Study investigators to local
managers, government staff and officials responsible for coastal planning and
decision-making. Effective strategies must be developed from a broad
understanding of the problem and by careful study of alternatives through a
collaborative process of the affected parties. The Southwest Washington Coastal
Erosion Study has generated extensive data and knowledge to enable more
informed choices regarding coastal development, resource protection, and
hazard mitigation activities along the southwest Washington coast.
As Study investigators develop tools and information in collaboration with the
management community, it is up to that community to determine if and how
they incorporate the information into their planning and decision-making
activities. Regardless, the improved ability to anticipate future hazards
associated with this dynamic coastline should enhance the long-term
sustainability of coastal communities.
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Abstract
Coastal zone management practices, regulatory decisions, and land-use planning
activities along the southwest Washington coast have historically been made
with insufficient information concerning the dynamic coastal environment. This
lack of information can and has resulted in a mix of costly problems, legal
disputes, risks to public health and safety, damages to resources and industry,
and losses of critical facilities. To help address these problems, a regional beach
monitoring program was implemented to collect coastal change data on a regular
basis to enable decision-making based on up to date, technically sound
information in order to more effectively manage a host of complex coastal
problems. The monitoring program is quantifying recent beach trends and
fluctuations as well as the spatial variability associated with short-term,
seasonal, and annual environmental forcing. Data from this fledgling (begun in
1997) monitoring program is already being used by local and state governments
for decision-making. Integrating this monitoring data with other data (long-term
coastal evolution and geological inheritance) from the Southwest Washington
Coastal Erosion Study to develop products that can be used for local coastal
planning is a complex task involving communication and feedback between the
scientific and management communities.
Introduction
The coastal management community uses scientific data in at least three ways;
planning coastal communities, permitting and reviewing shoreline stabilization
projects, and developing a conceptual understanding of the coastal system. The
ideal scientific data collection program would provide information to support
each of these functions. A detailed understanding and predictive capability
spanning all time and space scales would allow for optimally informed decisionmaking. However, this is beyond the current state of the knowledge of coastal
science. Coastal change occurs temporally from seconds (e.g., individual
waves) to decades (e.g., climate variability such as the Pacific Decadal
Oscillation) and spatially from centimeters (e.g., ripples) to hundreds of
kilometers (e.g., littoral cells). Therefore, scientific efforts need to be explicitly
directed towards understanding coastal change at scales relevant to the
management community (decades and tens of kilometers). Fiscal and scientific
tradeoffs are required to develop the most appropriate knowledge of coastal
systems for decision-making. One approach to these tradeoffs is to employ a
nested sampling scheme in which multiple techniques are used to measure
morphologic change over a variety of scales.
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The evolution of the sub-aerial beach is often of principal interest in coastal
management due to its proximity to valuable coastal properties and
infrastructure. The most common measure of long-term change is the seaward
or landward migration of the shoreline (Figure 1) over time, where the shoreline
position is typically defined in terms of a horizontal reference feature delineated
from topographic maps or aerial photographs. A long time series of shoreline
position is often used to project future coastal change. The sub-aerial beach is
also one of the most dynamic within the active coastal zone where tens of meters
of shoreline recession can result from a major storm occurring in just a few
hours. Therefore, predicted future shoreline positions are of limited value
without a detailed understanding of the short-term variability of sub-aerial
morphology. Fortunately, this portion of the active coastal zone is readily
available for measurement, and as a result, most beach monitoring programs
focus on measuring the temporal variability of the visible beach.
The sub-aerial beach, however, comprises only a small percentage of the active
coastal zone (Figure 1). In order to develop reliable predictive capabilities of
shoreline change, an understanding of the sub-aqueous beach variability is also
necessary. Since offshore sandbars dissipate wave energy and provide a
buffering capacity that protects the sub-aerial beach, the temporal variability of
nearshore morphology (i.e., position and height of sandbars and overall beach
slope) may affect the susceptibility of the shoreline to the erosive power of
waves. This portion of the active coastal zone is much more difficult and
expensive to measure and only a relatively few quality data sets exist
worldwide.
Most of the world’s beaches are inherently three-dimensional; implying that
knowledge of alongshore variability of the coastal planform is also important to
coastal decision-makers. For example, a coastal property may be fronted by a
chronic rip current and embayment and often impacted by waves, while only
tens of meters on either side of the embayment the beach may be stable.
Alongshore gradients in offshore bar position and geometry may be responsible
for such alternating regions of vulnerability and resilience along the coast.
Figure 1 illustrates the relationships between temporal and spatial scales of
morphologic change across the coastal planform. This paper describes a
monitoring program aimed at quantifying these relationships at scales relevant to
coastal management.
Beach Monitoring in the Columbia River Littoral Cell
A regional beach morphology monitoring program was initiated along the
Columbia River littoral cell (CRLC) in August 1997. The CRLC extends for
approximately 165 km, from Tillamook Head, Oregon to Point Grenville,
Washington (Figure 2). The monitoring program is one component of the
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Figure 1. Conceptual diagram illustrating the motivation for a nested sampling
scheme for monitoring beach change. The evolution of the shoreline is of
primary interest from a coastal management perspective. However, for accurate
predictions of shoreline evolution, nearshore bathymetry and the inherent threedimensionality of the coastal system must also be considered. The horizontal
arrows represent time scales for cross-shore morphologic change.
Southwest Washington Coastal Erosion Study (SWCES), a federal-state-local
cooperative aimed at developing the knowledge foundation to support decisionmaking, management strategies, land-use planning, resource allocations, and
hazard-reduction solutions (Kaminsky et al., 1997). The goals of the monitoring
program include:
• Quantify the short- to medium-term (event-seasonal-interannual)
morphologic variability of the Columbia River littoral cell.
• Develop the input data to enhance conceptual understanding and predictions
of coastal change.
• Compare and contrast the scales of environmental forcing and beach change
with other coastlines of the world.
• Provide relevant beach change data in an appropriate format to coastal
managers.
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Beach monitoring is being conducted by a variety of innovative surveying
techniques utilizing Real Time Kinematic Differential Global Positioning
Systems (RTK-GPS) (Ruggiero et al., 1999). Components of the program
include cross-shore beach profiles, three dimensional topographic surface maps,
shoreline change feature delineation and nearshore bathymetric surveys. The
spatial distribution of the sampling locations is shown on the right side of Figure
2. The following sections describe the monitoring program components and
their relevance to decision-making.
Seasonal Variability
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Figure 2. Nested beach morphology monitoring sampling scheme of the
Columbia River littoral cell consisting of environmental forcing, cross-shore
beach profiles, 3-dimensional surface maps and nearshore bathymetry. The
mean winter erosion (change of the 2.0-m contour line, shown as the light
dashed line) and subsequent summer recovery (dark dashed line) for each of the
surface map sites for 1997-1999 are shown in the first panel. This large
seasonal variability results in a relatively small net shoreline change. The
second panel compares short-term shoreline change rates from the monitoring
program (1997-1999, dark line) and long-term change rates derived from aerial
photography (1974-1995, light line).
Wave and water level climatology
Maintaining a database of the environmental forcing responsible for beach
change and variability is crucial in modeling future shoreline positions and
coastal flooding probabilities. Fortunately there are national networks of both
wave and water level gages maintained by outside agencies, e.g. the Coastal
Data Information Program (CDIP), the National Data Buoy Center (NDBC) and
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the National Ocean Service (NOS) that make data available via the internet.
However, time series of wave direction, which are often the most vital to
shoreline change models, are typically short and sometimes not existent. Figure
2 shows the location of the three wave buoys currently operating in the CRLC.
These buoys alone can not resolve the differences in wave climate along the
coast that occurs primarily due to wave focussing or divergence as waves refract
over irregular bathymetry. Therefore, models that consider the alongshore
distribution of wave energy need to be used in conjunction with available buoy
data.
Seasonal cycles in environmental forcing influence seasonal cycles in beach
response. In the CRLC, seasonal variability in wave height and direction
generally results in northerly offshore sediment transport in the winter (beach
erosion) and southerly onshore sediment transport in the summer (beach
accretion). Interannual climatic variability also affects waves and water levels,
which in turn can influence beach response. For example, during the 1997/1998
El Niño event the CRLC experienced mean water levels up to 40 cm higher than
typical, mean winter wave heights up to 1.0 m higher than usual, and wave
directions from a steeper southerly angle (Kaminsky et al., 1998). This change
in environmental conditions resulted in increased deposition of sediment along
the northern boundaries of each of the sub-cells. Longer-term climate change
signals are also evident in wave and water level data. A recent study by Allan
and Komar (2000) suggests that wave heights have increased by almost 1.0 m
off the Washington coast in the last three decades.
Beach topography
The most common method for measuring beach topographic change is the beach
profile. The beach monitoring program collects profiles using a GPS mounted
on a backpack. Cross-shore profiles are collected at 49 sites in the CRLC
(Figure 2) by walking from the landward side of the primary dune, over the dune
crest, across the beach and out to wading depth at low tide. “Beach state”
variables such as slope, dune toe and crest elevation, beach width, and sand
volume above a specified datum can be extracted from the beach profiles. These
variables are used as inputs to models that predict coastal change and flooding.
Cross-shore beach profiles can also provide an assessment of the current
shoreline position at one alongshore location. Bi-annual or quarterly surveys
make it possible to calculate the seasonal variability of shoreline position.
Beach profiles are relatively simple and inexpensive to collect and are extremely
accurate. However, care must be taken to maintain consistency when comparing
shorelines extracted from beach profiles (specific elevation contours) to
shorelines derived from aerial photographs or topographic maps (interpreted
features based on visual queues). One limitation of beach profiles is that they
are only two-dimensional representations of beach form and do not resolve
alongshore variability.
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In lieu of multiple closely spaced cross-shore profiles, three-dimensional beach
surface maps are being generated by mapping the beach surface with a GPS
antenna mounted to a six-wheel drive amphibious all-terrain vehicle called the
CLAMMER (CoastaL All-terrain Morphology Monitoring and Erosion
Research vehicle). CLAMMER data is collected at 16 sites throughout the
littoral cell (Figure 2) between the base of the primary dune and the swash zone.
Using the CLAMMER, beach surfaces, typically 4-km in length, can be mapped
in only a few hours. Data sampling is dense enough and over long enough
reaches to resolve beach cusps, rip current embayments, sand waves and
regional trends. Figure 2 shows contour line changes derived from the
CLAMMER data from the first two years of the SWCES monitoring program.
The average winter shoreline recession (change of the 2.0-m contour extracted
from gridded surfaces) is shown for each of the 4-km sites in the first panel.
Although there is alongshore variability, the data reveal an average of
approximately 35 m of seasonal shoreline recession. Also shown is the amount
of beach recovery that has taken place during the last two summer seasons.
These large seasonal beach change magnitudes tend to yield a relatively small
net shoreline change rate over an annual period. The dark solid line in the
second panel of Figure 2 represents the average shoreline change rate for each of
the 16 surfaces. The mean change rate for the entire littoral cell during this twoyear period is approximately 3 m per year of net erosion, however, the
alongshore variability of shoreline change is large. For example, the northern
portion in each of the 4 sub-cells experienced the most accretion in this two-year
period, whereas net erosion occurred in the southern ends of three of the four
sub-cells. These observations may be primarily due to the major 1997/1998 El
Niño event and indicate the interannual nature of beach change due to climatic
variability that should be taken into account by coastal managers.
Also shown in the second panel of Figure 2 is the average shoreline change rates
from 1974-1995 as derived from aerial photography. Three main differences
important to coastal decision-making become apparent when comparing
monitoring data to long-term shoreline change trends. First, there is an increase
in accretion rates in the northern portion of the North Beach sub-cell, a
phenomenon probably explained by the aforementioned El Niño event.
Secondly, there is an increase in erosion rates in the southern portion of the
Long Beach sub-cell. This may also be explained in part by El Niño but may
also imply the onset of a long-term erosion trend in this region. A third and
surprising difference is the 20 m per year of shoreline retreat measured in the
middle of the Grayland sub-cell, a historically stable region. The monitoring
program may be revealing a new trend towards erosion at this location.
Nearshore bathymetry
As mentioned above, the visible beach comprises only a small portion of the
active coastal zone. Variability in nearshore morphology dictates how much
energy impacts the shoreline to cause beach change. It has historically been
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very difficult and expensive to collect data in this highly dynamic region and
only a few coastlines in the world have sufficient nearshore morphologic data.
A new system, based on the Coastal Profiling System developed by Oregon
State University (Côté et al., in review), is now being used in the CRLC. This
system was designed to collect bathymetric data in energetic, nearshore
environments. It consists of a highly maneuverable watercraft (a waverunner)
that is equipped with an echo sounder, GPS receiver and antenna, and an
onboard computer. Kilometer spaced cross-shore transects (Figure 2) have been
collected for most of the littoral cell revealing important information about
variability in beach slope, sandbar size and sandbar location.
Initial results indicate strikingly different nearshore planforms among the four
sub-cells of the CRLC. Nearshore sandbars along the North Beach and Long
Beach sub-cells are large and three-dimensional while along the Grayland Plains
and Clatsop Plains sub-cells sandbars are more linear and smaller. These
observations are surprising in that the deep-water wave climate is fairly uniform
throughout the region. The variations in nearshore morphology suggest that
other factors such as sediment supply, sediment characteristics, or antecedent
morphology may play a role in forcing these regional differences. These
observations have significant implications for management-scale predictive
capability.
Sediment size and composition
For a given set of environmental forcing conditions the rate of sediment
transport is primarily determined by sediment size distribution. Therefore,
knowledge of sediment characteristics is important for shoreline change
modeling. Sediment samples collected at each of the 49 beach profile sites in
the CRLC reveal a trend of fining with distance from the Columbia River.
Beaches with the smallest mean grain size have the flattest beach slopes. Beach
slopes in turn influence how a beach responds during storms, how high wave
runup impacts the beach, and the probability of coastal flooding.
Regional shoreline determination
The primary methodology used to understand historical coastal evolution and
often to predict future coastal change has been shoreline change analyses. The
shorelines used in these analyses are typically derived from aerial photographs
or topographic maps. Advantages to this approach include the regional and
long-term coverage of the data. However, the errors and uncertainties
associated with these techniques are larger than GPS-based approaches.
Another limitation is that shorelines derived from photography are twodimensional interpreted features. It is recommended that coastal monitoring
programs begin the transition from these traditional techniques and towards
more robust techniques that resolve the three-dimensionality of beaches and
allow for objective shoreline determination. LIDAR data is presently the state
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of the art in regional three-dimensional data collection, however, in the near
future high-resolution satellite data may be employed for shoreline change
analysis.
Integrating Data Into Decision Making
For scientific data and information to be successfully used for coastal planning it
must, at the very least, reveal the susceptibility of coastal lands to natural
hazards. The process by which a suite of beach monitoring data translates into
the physical susceptibility of the coastline is not at all straightforward (Voigt et
al., these proceedings). The following example illustrates how some of the
monitoring data collected by the SWCES is being used to help manage the
coastline.
The city of Ocean Shores, WA has recently authored a Draft Environmental
Impact Statement (DEIS) to help identify a management approach to deal with
an immediate coastal erosion and ocean storm surge flooding problem
(Hastings, these proceedings). As part of this process, the SWCES provided the
city with preliminary shoreline modeling results to use as a planning tool. Each
of the five aforementioned components of the beach monitoring program were
utilized. Wave data, nearshore bathymetry and sediment size data were used as
inputs into the shoreline change model. Historical shorelines derived from aerial
photography were used to calibrate the model. The seasonal variability in beach
change derived from topographic data was used to account for short-term
variability and event response in shoreline predictions. Each of these data sets
and the model results are being used in context with a conceptual model
formulated from other components of the SWCES to help determine the
appropriate long-term response to the erosion problem. Continued beach
monitoring will refine and verify the process-based models as well as assess the
flooding potential of the upland properties. SWCES scientists will present
coastal susceptibility as a set of probabilities for encountering certain natural
hazard zones rather than as single “lines in the sand.” It will ultimately be up to
the local managers and citizens to define levels of acceptable risk. However, if
the scientific data is presented in an appropriate form, this process will enable
rational choices for appropriate coastal management decisions.
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TOWARDS THE DEVELOPMENT OF A DECISION SUPPORT
SYSTEM FOR THE COLUMBIA RIVER LITTORAL CELL
Brian Voigt, Peter Ruggiero & George Kaminsky, Washington Department of
Ecology, Coastal Monitoring & Analysis Program
Abstract
Historically, the accreting beaches of the Columbia River littoral cell received
little management focus, and the relatively benign conditions of the past several
decades led to an influx of coastal development. In more recent times, a trend
reversal from accretion to erosion in many areas of the littoral cell coupled with
increased development pressure along the coast warrants the creation of a
knowledge bank to support coastal planning and decision-making. The
Southwest Washington Coastal Erosion Study is actively engaged in research
and analysis of the Columbia River littoral cell evolution and is developing
multi-disciplinary data through regional
research and monitoring. A process for
integrating this multi-disciplinary data set to
WA
examine regional physical susceptibility to
OR
coastal change will utilize a suite of
modelling applications and geographic
information system (GIS) software to develop
an interactive, query-based decision support
tool for the coastal management community.
Employing knowledge of the physical system
Pacific
Ocean
to develop a susceptibility profile for coastal
communities will facilitate the development
of coastal policies and management decisions
that pursue desired outcomes (economic,
Washington
social, environmental) with respect to
scientifically-based scenarios of future
physical coastal conditions.
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The Southwest Washington Coastal Erosion
Study (Study) is a five-year cooperative
Figure 1. The Columbia River
research program initiated in 1996 to
littoral cell spans 165 km of
examine the evolution of the Columbia
coast between Tillamook Head,
River littoral cell (CRLC) over a variety of
OR and Point Grenville, WA.
time scales. The littoral cell spans 165 km
of coast between Tillamook Head, OR and
Point Grenville, WA (Figure 1). Co-directed by the Washington Department of
Ecology and the US Geological Survey, Coastal and Marine Geology Program,
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the Study is currently in a position to begin developing management support
tools for use by coastal communities, counties and state and federal agencies
with jurisdiction in the coastal zone. Washington's coastal management
program began with federal approval of the state's Shoreline Management Act in
1976. Coastal zone management is administered at the city or county level
under the direction of local Shoreline Master Programs.
In the past, the primary economic resources in the region were timber and
fishing. Declining productivity of the natural system along with increased
environmental legislation has resulted in a reliance on significant economic
contributions from tourism and related development. The recent upsurge in
economic development activities throughout the littoral cell marks the beginning
of a transition from self-reliant coastal communities to tourist destinations,
complete with hotels, casinos, condominiums and the commercial capacity to
support a rapidly developing part-time population (Voigt, 1999). In light of
these recent development trends, previously undeveloped areas are experiencing
growth at unprecedented rates. Without question the short-term increases in
local tax base resulting from new development will benefit the local economy.
However, over the long-term, this same development may require economic
outlays for coastal protection works by both public and private sectors that could
exceed the economic and social benefits derived from current development.
Beach nourishment, property acquisition, shoreline armoring and other
management alternatives targeted at protecting existing infrastructure and
safeguarding public welfare are becoming increasingly expensive. As more
communities vie for funding from the same stable or declining funding sources,
the likelihood of arranging a federal or state supported project may decrease.
One of the primary goals of the Study is to understand and predict coastal
change at time and space scales relevant to coastal management (decades & tens
of kilometers) (Kaminsky et al., 1999). To further this goal, an effort to develop
decision support tools (e.g. GIS database, maps and reports) for use by the
coastal management community has been initiated. Spatial data is archived and
maintained in a centralized geographic information system (GIS) database.
Study results are being integrated to identify areas at risk from the evolving
coastal environment. The outcomes of this process will lead to a formalization
of Study results, presented as a susceptibility rating (Figure 2). Specifically, this
formalized knowledge is represented by defining realistic scenarios of future
coastal conditions and their associated encounter probabilities to serve as the
basis for long-range coastal planning and management. Results can be used to
develop a susceptibility profile that evaluates impacts on the natural, social and
economic systems and prioritizes management activities based on the perceived
value of each system within the community.
A susceptibility profile can facilitate coastal policy development that attempts to
resolve preferred versus predicted change. One goal of this effort is to identify
areas susceptible to physical coastal changes so that adaptive risk management
526

measures can be identified and implemented in the most cost-effective, socially
responsible way. The analysis will result in a coastal classification scheme that
assigns relative values of susceptibility to regions within the littoral cell. When
overlaid upon data layers such as land use, beach access/recreation or future
development potential, communities can develop a management approach that
balances development and conservation in order to meet specified socioeconomic values and result in better long-term infrastructure investments and
fiscal management. Decision-makers can refer to local Shoreline Master
Programs, environmental legislation mandating minimum standards of
environmental quality and land use plans that prescribe desired future conditions
to encourage coastal development commensurate with publicly acceptable levels
of risk.
Developing a susceptibility framework
A region's susceptibility to coastal change is defined by the physical, social,
economic and ecological conditions that comprise the area of interest. The
Study is actively engaged in quantifying the physical processes and long-term
evolution of the CRLC with the intent that the scientific data will be integrated
with social and economic data of collaborating local communities and counties.
Ecological data should also be considered due to the ramifications of loss of
critical habitats, wetlands and endangered species. However, an examination of
the physical, social and economic realms can provide the basis for cost/benefit
analyses that quantify impacts of shoreline change on current and future coastal
development. While it can be argued that physical processes influence shortterm coastal change and long-term coastal evolution, the management response
to these forcings is most certainly driven by social and economic priorities
established at the community level through a coordinated planning process.
The Study is integrating multi-disciplinary data with results from a suite of
modelling applications (e.g., coastal processes, shoreline change, etc.) using a
GIS to develop physical susceptibility parameters as input variables for a
Decision Support System. This tool addresses coastal management issues by
presenting coastal research as formalized knowledge that can readily be
incorporated into the decision-making process. Formalizing coastal research
into management applications progresses through a four-stage framework
(Figure 2). Beginning with the data phase, the process continues through the
information phase, followed by a characterization of the area of interest in the
knowledge phase and finally formalization of that knowledge as part of the
experience phase (Capobianco et al., 1999). The result of this process is a set of
physical susceptibility parameters that can be integrated with social, economic
and ecological data to evaluate susceptibility to coastal change.
The framework's data phase includes problem formulation, identification of
available resources, background research and initiation of data collection efforts.
The Study began in 1996 at the request of the coastal communities and the
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Department of Ecology. A coordination of efforts, with the local communities
as the primary beneficiaries, helped define the problem, scope and desired
outputs needed for long-range planning and decision-making.
The information phase involves the organization and analysis of the data phase
efforts. As information is developed, uncertainties should be quantified and
noted in consideration of prioritizing future research. While some uncertainty
can be accounted for simply by collecting additional data or performing
additional analysis, it is not always possible or cost-effective to do so. The
Study conducts quarterly beach monitoring surveys to refine uncertainties in
morphological seasonal variability estimates, and error analysis has been
performed to quantify the accuracy of converting paper maps to digital
shorelines. Predictive uncertainties, on the other hand, may best be dealt with
via sensitivity analyses that evaluate changes in model outputs based on varying
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Figure 2. Flow diagram for information transfer between the scientific and
management communities and a physical susceptibility framework. The left
panel depicts the information flow from coordinated problem formulation to
local decision-making. The right panel illustrates a framework for deriving
physical susceptibility to coastal change. The physical susceptibility (Ps) is
integrated with ecological, social and economic susceptibilities to derive a
susceptibility rating. As decisions are made and evaluated over time,
communities benefit from past experience.
input parameters (Cowell et al., 1994). One of the greatest challenges to this
process lies in understanding and managing the uncertainties that will ultimately
affect decision-making outcomes.
As a result, the development and
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implementation of a susceptibility rating as a decision support tool relies heavily
on the expert knowledge resulting from the research.
The knowledge phase expands on the data synthesis and integration component
of the information phase. A conceptual model of the littoral system is currently
under development as a means of representing the littoral cell sediment budget
over multiple time scales (Gelfenbaum et al., 1999). Shoreline change and
probabilistic total water level models are being used to develop likely ranges of
decadal scale coastal change and delineate areas susceptible to flooding.
Additional efforts in this phase include working with coastal communities and
other user groups to develop input forcing scenarios with appropriate temporal
and spatial constraints to serve as the basis for long-term planning. Monitoring
coastal processes and associated morphological variability enables refinement of
processes-based models (Ruggiero et al., 1999) that result in the prediction of
short-term, small-scale events. These results can be integrated with those of
longer-term coastal evolution research to develop management scale predictions
based on integrated modelling of the long-term behaviour (evolution) of the
coastal environment (Kaminsky et al., 1999).
The knowledge phase results in output variables (e.g. predicted shoreline
change, flooding potential) that quantify the susceptibility of the littoral system
to physical coastal changes. The output variables lead to a formalization of
knowledge in the experience phase. This formalized knowledge will be
developed into management products that facilitate the incorporation of
available scientific knowledge into the decision-making process. Successful
science and management integration will be dependent on presenting
management scale research results in appropriate formats and utilizing expert
knowledge developed through the course of the research.
Continued
assessments of the coastal system functioning will refine the understanding of
the relationship among littoral cell evolution, regional coastal susceptibility and
relative success of selected management alternatives in relation to predefined
objectives.
Case example: The southern Long Beach Peninsula
An initial attempt at applying this susceptibility framework and developing
management products has begun for an 8-km stretch of the southern Long Beach
Peninsula (see Figure 1). The case scenario examines shoreline change over a
25-year period (1995 - 2020) coupled with the seasonal variability of beach state
parameters and the impacts associated with predicted wave runup (dune toe
impact and dune crest overwash). Future shoreline position is presented as a
range of values incorporating uncertainty in data sets and model formulation as
well as short-term seasonal variability. Integrated data and model results are
plotted on an orthophoto base map to illustrate potential conflicts between the
predicted future shoreline positions and existing coastal development.
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Figure 3a displays the alongshore variability of dune toe and dune crest
elevations. The mean dune toe and dune crest elevations for this 8-km stretch of
coast measure 4.7-m (NAVD 88) and 7.8-m (NAVD 88), respectively. Beach
slope, as calculated between the 1.0 and 3.0-m contours averages 0.025 (1:40).
An assessment of the frequency of dune toe impact and wave overwash has been
performed utilizing a probabilistic total water level model (Ruggiero et al.,
1996), and the results are displayed in Figure 3b. Although dune overwash is an
infrequent occurrence, wave impact at the dune toe is problematic along the
southern end of the study area, with 7 locations (denoted by asterisks)
experiencing more than 75 hours of wave impact per year. Figure 3c displays
predicted shoreline change for the time period 1995 - 2020 derived from the
processes-based shoreline change model UNIBEST (Delft Hydraulics, 1994).
Results indicate larger shoreline retreat at the southern end of the case study
tapering off to the north. Figure 3d maps a scenario of potential future impact
that reveals several kilometers of shoreline susceptible to coastal change with
increased potential for dune erosion and coastal flooding along the southern
extent of the case example.
While mapped output may be useful over the short-term, the static nature of a
printed map may limit its utility into the future. Ideally, decision support is
provided as a GIS tool that enables a range of scenarios to be tested, allowing
local communities to determine specific boundary conditions and objective
evaluation measures, combined with their associated probabilities, uncertainties
and levels of risk to facilitate the adoption of scientifically-based, publiclyacceptable coastal management plans.
Conclusions
The Southwest Washington Coastal Erosion Study is developing a knowledge
bank capable of providing decision support tools for the coastal management
community of the CRLC. This paper presents a framework for integrating
multi-disciplinary data to quantify implications of coastal evolution to the
human environment. In effect, management direction will be defined by the
estimated level of risk, public perception of acceptable levels of risk and the
desired future direction for individual communities as defined by local
Comprehensive Plans and Shoreline Master Programs. A case example of
integrated data types and modelling results were used to identify areas along an
8-km stretch of the southern Long Beach Peninsula susceptible to shoreline
change and coastal flooding, and presented a potential management tool. A
complete susceptibility assessment should include an investigation of the social,
economic and ecological characteristics of the system.
However, an
investigation of the impacts of physical change on the social and economic
systems can establish the need for increased research and management focus in
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susceptible areas to mitigate current hazards and avoid future management
crises.
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COASTAL MANAGEMENT AND CONSTRAINTS ON POLICY
DEVELOPMENT: A CASE STUDY OF COASTAL EROSION
MANAGEMENT IN OCEAN SHORES
Kara L. Hastings, University of Washington, School of Marine Affairs

Problem Identification
The growing presence of human life and development in the coastal zone has
changed our notion of “natural coastal processes” to “natural coastal hazards”
as these events, both cataclysmic and chronic, threaten people’s lives, property,
and general well-being (Good 1994). Increased use of coastal areas for
recreation, business, or residence presents significant challenges for coastal
managers who must balance continuing development and preservation of coastal
ecosystems.
Chronic coastal erosion is becoming a principal concern for coastal residents
and resource managers on Washington’s Pacific Ocean beaches. Historically,
Washington’s ocean coasts have been accretional with erosion occurring only in
small, isolated areas and causing only mild anxiety for nearby residents.
However, erosion in close proximity to current and future development around
large bays and harbors in southwest Washington has induced public distress,
political tension, and policy change. Ocean Shores is only one of many
“hotspots” along the Washington and Oregon coast identified by the Southwest
Washington Coastal Erosion Study (SWCES) as areas threatened by chronic
coastal erosion and flooding. Like other coastal communities, Ocean Shores’
economy depends on tourism, the draw of beautiful sandy beaches in the
summer and storm watching in the winter. In many ways, the environment is
the economy and loss of aesthetic qualities of beaches and dunes, beachfront
real estate, and other negative impacts due to coastal erosion are not acceptable
to residents and elected officials.
Erosion problems however, are not easily managed. The dynamic coastal
environment gives rise to much uncertainty regarding the future extent of the
erosion along the beach and the feasibility and success of management policies
to reduce risk to public and private property. The settings in which coastal
erosion occurs, (open ocean beaches, inlets, ports, estuaries, barrier islands), are
areas of convergence of public and private lands, the uses of which often
conflict. As a result, intense debates regarding the balance of public and private
property rights in management schemes ensue.
To address the rising conflict surrounding coastal erosion management and
reduce the piecemeal installation of erosion control devices, cities and counties
in Washington currently rely on comprehensive planning and policy-making
processes, rational and logical steps for collective decision making, to resolve
shoreline problems. Local governments who first developed Shoreline Master
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Programs (SMP) in the 1970's to regulate shoreline use in their accretional
shoreline environments are now incorporating coastal erosion management
strategies- a combination of policies for engineered hazard alleviation structures
and land-use policies- into their SMPs. Decisions to retreat, nourish, or armor
the shoreline using engineered structures are being made within the scope of a
local planning process.
With the increasing availability of coastal process data and knowledge of the
technical constraints of developing and implementing hazard alleviation
techniques, it would seem that all stakeholders could easily recognize an
effective erosion management strategy. However, policy is not developed in a
vacuum. Policymaking, whether for the implementation of an engineered
structure or land-use management policy, is a process that occurs over time and
under the influence of politics. Tobin and Montz (1997) find it not so surprising
that so few comprehensive plans have been implemented due to the numerous
political, social, psychological, economic, legal, and administrative constraints
on land-use planning. They attribute failed plans and piecemeal development to
inattention to contextual matters instead of a long observed excuse, lack of
information. This paper will investigate interactions among stakeholders and
other factors that contribute to or inhibit policy change. The recent events
surrounding a coastal erosion hazard policy making process in Ocean Shores,
Washington serves as a case study on the degree of policy change achieved
when the process is heavily influenced by political, social, and cultural factors or
constraints. Much of the data, and evidence of influencing factors and their
consequences, were derived from my yearlong working relationship with the
city officials in Ocean Shores.
Ocean Shores Description
Ocean Shores is a small community located on the northern peninsula of Grays
Harbor, on the Pacific Ocean coast of Washington. The 6000 acre (9.3 square
miles) peninsula is a seasonal tourist destination. The resident population of
approximately 3,308 (1997) hosts an average of 2.5 – 3.0 million visitors
annually. The city sits adjacent to a jetty system built by the United States
Army Corps of Engineers (Corps) to protect the entrance to a deep draft
navigation channel serving the Port of Grays Harbor. Following jetty
construction in the early 1900’s, the erosion of the ebb-tidal delta occurred
quickly, resulting in the rapid accretion of the coast in the early part of the
century. However, the accumulation rates have slowed significantly in recent
decades, signaling the beginning of an erosion trend caused by the jetty and the
lack of sediment supply from the ebb-tidal delta. Several hundred feet of
coastline adjacent to the North Jetty (at the southern end of the city) are
currently experiencing chronic coastal erosion. Public and private property and
infrastructure are threatened by shoreline recession and flooding.
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Erosion Response History
After several years of letting coastal erosion concerns ripen on the public agenda
and using temporary measures to curtail the erosion, city officials are engaged in
developing a long-term coastal erosion management strategy. Ocean Shores is
moving away from the ad hoc nature of coastal erosion management because of
property rights issues, threats of lawsuits, and a need for a more predictable
management process.
The City began its involvement in erosion issues in 1996 by hiring an
engineering firm to investigate the causes of the erosion problem and make a
preliminary assessment of alternative courses of action to reduce risk to nearby
development. In the fall of 1996, the City convened an Interagency Technical
Committee on Erosion (ITCE). Participants included the Washington State
Departments of Ecology (Ecology), Fish and Wildlife (WDFW), and Natural
Resources (DNR), Washington State Parks and Recreation Commission (State
Parks), Pacific International Engineering (PIE), Quinault Land and Timber
Enterprises (QLTE), and Grays Harbor County representatives. This committee
discussed structural alternatives and policy alternatives to mitigate the erosion
problem and identify policy issues faced by the City as a result of the erosion.
The efforts of this group were terminated when some participants felt state
agency influence was becoming too powerful. During these few months, the
magnitude of the erosion problem and subsequent conflicts over determining an
appropriate management strategy became clearer.
The policy making and planning process that became evident to city officials
was a two-step process that included preparation of an environmental impact
statement (EIS) and an amendment to their 1974 SMP. Initially, a team of
consulting firms led by PIE conducted work on the EIS. Their work was
terminated by the City Council due to overrun expenses and little completed
work to show for it. After the city staff assumed responsibility for writing the
EIS, state agencies including Ecology, WDFW, DNR, and State Parks
contributed both money and in-kind resources to preparation of the EIS. The
City of Ocean Shores remained lead agency for the EIS and an Interdisciplinary
Team (I Team) comprised of the above state agencies, environmental
organizations, and city residents convened to guide the process, author the
document, and negotiate a management strategy.
Using the EIS process and I Team demonstrated the City's willingness to
consider all reasonable alternatives and impacts and gave the city credibility
with environmental organizations, their most ubiquitous antagonists. The I
Team's work would result in a recommendation of an alternative for immediate
erosion control near the jetty. This recommendation was to be considered and
approved by the City Council who would then forward it to the Corps for further
analysis and detailed specifications on construction and maintenance. An
amendment to the SMP would incorporate and harmonize the approved
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alternative and land-use policies for erosion management along the rest of
Ocean Shores’ Pacific Ocean beaches. Successful implementation of coastal
hazard and storm damage reduction policies through the SMP Amendment
process would lead to a reduction in local, state, and federal expenditures on
hazards mitigation and a healthier and more sustainable shoreline for recreation
and development.
This two-step process was to have been completed by fall of 1999. However, as
discussed above, constraints induced by political maneuvering significantly
altered the rational planning process envisioned by the city. Conflicts that arose
between those favoring retreat from the eroding shoreline and those advocating
shoreline armoring and dissension over Ecology's proposed new guidelines to
update SMP amendments combined to derail the City Council and staff's
progress on all erosion issues. The SMP amendment was terminated and the
EIS process was stalled until the Corps can complete more detailed analyses on
erosion control alternatives. While the Ocean Shores' City Council remains the
decision-maker for all erosion issues, it is thought that the Corps now heavily
influences the eventual outcome since the Corps' support is crucial to acquiring
the necessary funding from Congress for implementation of erosion
management strategy.
Factors Affecting Policy Change
One useful framework for interpreting the dynamics of the coastal management
planning process in Ocean Shores is the “advocacy coalition framework” (ACF)
developed by political scientist Paul Sabatier (1988, also see Sabatier and
Jenkins-Smith 1993). According to the framework, decisions made about most
issues can be portrayed in terms of actions of two or more competing advocacy
coalitions. Key concepts of this framework are used to analyze the Ocean
Shores case study and emphasize the political constraints which have
significantly affected the policy making process.
The degree of policy change is attributed to two categories of factors. The first
set of factors are those interactions among stakeholders and advocacy coalitions
that comprise the coastal erosion policy subsystem. The push and pull of
politics takes place in the policy subsystem. Strategies are formed and guidance
instruments are used by coalitions to have their policy beliefs satisfied. The
second set of factors are those that occur away from the policy subsystem of
coastal erosion but influence the actions, decisions, resources, and power of the
stakeholders and coalitions. A main hypothesis of the ACF is that a change in
events outside the policy subsystem must occur in order for major policy change
to occur inside the subsystem.
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Factors Inside The Policy Subsystem That Affect Policy Change
Stereotypically represented by guardians of public interests vs. private property
owners, this conflict about what should be done to manage the problem of
erosion and increasing storm damage centers over the long-term preservation vs.
short-term economic utility of the beach area. Also commonly described as
dilemmas between recreationists and developers or between beach
preservationists and beach builders, these conflicts are fueled by individuals
and/or coalition's beliefs.
In the Ocean Shores case study, four coalitions could be identified: the
environmental, conservation, effectiveness/efficiency, and stabilization
coalitions.
The environmental coalition included the Washington
Environmental Council and Surfriders. Their interests lay in the ultimate
preservation of the shoreline ecosystem for generations to come and they
generally advocated retreat options. The conservation coalition includes
WDFW, Ecology, SWCES, State Parks, and some Ocean Shores’ residents.
Members of this coalition value the shoreline for its recreational opportunities
and aesthetics and support the state conservation of the shorelines in the public
interest, although their beliefs and strategies are not as extreme as the
environmental coalition. The efficiency/effectiveness coalition includes the
Corps, some City Council members and staff, and some Ocean Shores residents.
Members of this coalition believe that some form of erosion control is
necessary, but that performance and effects of the chosen alternative must be
within pre-determined standards of efficiency and effectiveness and should be
determined by engineering and scientific analysis. The stabilization coalition
includes some members of the City Council, city staff, and many private
property owners who wish to keep the ocean from taking their land and
structures using beach nourishment or shoreline hardening.
Coalitions use technical, scientific, or planning information to support or dismiss
a position. They use information and formal policy analysis to reinforce and
develop their beliefs and influence beliefs of coalitions and stakeholders. Lack
of information and analytical capabilities constrained Ocean Shores' first
response efforts to mitigate coastal erosion. Lack of site-specific data on coastal
processes around the area of the North Jetty led to speculation and use of
regional data, which resulted in faulty assumptions about causal mechanisms,
and in turn spawned erroneous theories on how best to control the erosion. Lack
of technical information and local technical expertise to develop the information
necessary for policy development led the City of Ocean Shores to rely on the
analytic capabilities of consulting firms and state resource agencies. When
Ocean Shores first began to explore potential long-term solutions with the help
of PIE; policy learning for city officials and residents was slow. A delay in the
release of the Ocean Shores Beach Stabilization Report and lack of public
meetings to discuss the causes of erosion restrained City officials, residents, and
state agency staff from developing their beliefs about the seriousness of the
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problem and preferences for initial response mechanisms. Although these
events did not change the policy process, confusion made communication
among coalitions strained and difficult.
Strategies used by the coalitions to promote their policy beliefs included
maintaining a sense of emergency concerning erosion hazards, adversarial
legalism, thwarting the efforts of the I Team and the Draft EIS, and lobbying.
Maintaining a state of emergency. As an active stakeholder in the initial
development of a long-term solution, PIE was a member of the stabilization
coalition due to their obvious support of beachfront property owner interests and
wavebumper and geotube use. In the author’s view, PIE kept Ocean Shores in a
state of emergency by limiting the policy learning of residents, city staff, and
legislative officials. This allowed them to maintain their consulting control in
Ocean Shores and to obtain funds from state and federal governments for
scientific studies and implementation of hard stabilization measures. Without
more information, a long-term management strategy could not be developed.
By keeping erosion concerns at the top of the public agenda, restricting
information on future erosion extent and trends, and bypassing environmental
and conservation coalitions through emergency declarations, PIE achieved their
policy goals of hard stabilization and continued business, for a short time.
Adversarial legalism. Another more direct strategy used mostly by the
environmental coalition to guide policy change is adversarial legalism. Kagan
(1991) defines adversarial legalism as formal legal contestation or litigant
activism, which contributes to substantive legal uncertainty; or, use of formal
legal procedures and party-influenced decision-making. With regard to coastal
erosion hazards, adversarial legalism as practiced by the environmental coalition
could block measures that would protect public health, safety, and property due
to the necessity to “bulletproof” scientific evidence and procedural methods.
Adversarial legalism can be seen in two areas of the policy-making process,
prompted by the beliefs and priorities of the environmental coalition and
facilitated by a constitutional structure that allows them access to the policymaking system. First, as the City moved to place the temporary geotubes on the
beach, it came under threat of a lawsuit from WEC and Surfriders. These
members of the environmental coalition wanted to make sure Ocean Shores was
developing long-term solutions and to keep their options open for future
contestation of geotube construction. As a result, the City entered into a
permitting procedure for the geotubes, which allowed for public comment on the
action. Although the environmental coalition was not successful in stopping
installation of the geotubes, their efforts consumed the time and energy of city
staff. During later processes to delay permit expirations, the environmental
coalition continued with appeals and demands on the City to guarantee removal
of the structures and conditioned the permit extensions with restrictions on hard
stabilization in the long-term solution.
538

The second onslaught of legalist tactics to influence the process occurred during
the public comment period for the Draft EIS. Comment letters, several from
environmental organizations, consisted of lengthy lists of concerns regarding the
project scope, misconducted procedures, accusations of biased and faulty
analyses, and requests for more study on almost every detail of the Draft EIS.
State procedures require the lead agency to seriously review each comment and
in some way address all the issues raised. Again, the environmental coalition
wanted to influence the City to continue analyzing potential alternatives and to
have experts evaluate issues important to their coalition. This daunting task
proved too much for the city who has not responded to the comments.
The Draft EIS. The Draft EIS and subsequent recommendation was to be the
guidance instrument for policy change issued by the I Team. Although the
recommendation of retreat with dune construction was found by the I Team to
be an effective and economically viable alternative, it was not supported by
majority of the stabilization. They saw the EIS a biased instrument designed to
realize state agency preferences in erosion control. This opposition was
apparent to the Council as funding issues, residents’ potential losses, long-term
economic development, and re-election prospects weighed heavily on their
minds. As a result, they became nervous about making any decision and
postponed the process until the Corps could complete further studies. It seems
that during the EIS process, the two extreme coalitions didn't voice their
opinions in this forum. Instead they chose more legalistic methods to express
their beliefs, resulting in a planning and decision process that was found
insufficient by the environmental coalition and a recommendation for the
erosion strategy that was not supported by the stabilization coalition.
Factors Outside The Policy Subsystem That Affect Policy Change
Relatively stable parameters outside the immediate interactions of stakeholders,
which have guided the determination of a long-term management strategy for
Ocean Shores, include first, the lack of regulatory guidance from the SMA and
SMP guidelines and the lack of precedent to follow in such a controversial
situation. While Ocean Shores’ city officials are in a precarious situation; state
agencies having jurisdiction over shoreline areas are also disadvantaged and
‘muddling through’ because of unclear state law. Because the state had never
dealt fully with erosion on accreted lands and had not developed strategies for
erosion management on an ocean coast, the City would be going out on a limb, getting ahead of the state-, if any long-term management decisions were made.
Recurrent questions of liability and property rights (takings) from affected
landowners intimidated the City Council and ultimately influenced the degree of
consensus needed for policy change.
Second, continued governmental intervention and regulation of fishing and
shellfish harvesting has been burdensome for those who try to maintain those
occupations. The outcome of another environmental process such as the EIS,
which threatens historical individual rights, is ominous and alarming to some
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people, especially beachfront property owners and the stabilization coalition
(Patnude 1999). Because so much of the region's livelihood has already been
diminished by environmentally charged issues, the EIS policy process has been
accused of being a biased method of developing a long-term management
strategy. Consequences of this mistrust include delays and reluctance on the
part of the City Council to proceed with the decision-making process at the local
level.
Third, because the shorelines affected by erosion in Ocean Shores are classified
in the SMA as Shorelines of Statewide Significance, projects conducted on these
shorelines must follow priorities set in the SMA. Because these shorelines are
major resources from which all people in the state derive benefit, any erosion
management policy must give preference to uses that favor public and longrange goals. These priorities have directly influenced Ecology’s and other state
agencies’ perceptions of an acceptable erosion management strategy. They are
also in direct conflict with interests of the stabilization coalition.
The following conditions and events surrounding the Ocean Shores situation
were changing and therefore are more likely to influence policy change. First,
funding for policy development and implementation of the long-term coastal
erosion management strategy was, and still continues to be, a constraint in the
policy process and compels the City of Ocean Shores to use guidance
instruments such as lobbying. Burdened by other high cost projects such as the
sewer expansion and road rehabilitation, the city has only been able to
contribute a small portion of the total amount needed for developing the policy
process. They have had to seek funding from regional, state, and federal
agencies, which has often been a tedious and uncertain business. Competition
between communities and stakeholders for monetary resources has been
contentious. Tom Hyde of the North Coast News summed up the complexity of
finding funds for erosion management very succinctly:
The stir around coastal erosion projects and funding has been
characterized this year by numerous deals, fighting between
local and state governments, and the overriding desperation of
communities dealing with localized emergencies. At the
center of both the lobbying and engineering efforts is Pacific
International Engineering … The history of the lobbying effort
to get funds for coastal projects this year has been long,
involved, and not without its share of hard feelings on a lot of
fronts (North Coast News 1998).
Ocean Shores will have to find a federally appropriated source of funds through
the Corps, dedicated only to their project, if a management alternative is to be
implemented.
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Second, the lack of communication between the state and local governments and
a lack of public participation during the development of the state’s proposed
draft guidelines led to a mandate to re-write the guidelines and a stoppage of
work on the City’s SMP Amendment (Patnude 1999). The impact of negative
comments regarding the guidelines on the City Council was great. This external
system event acted as a decisive constraint on policy change in Ocean Shores.
Conclusions
The complexities of joint decision-making and instability in decisions and
coalitions were not anticipated. The SEPA/EIS process provided only minimal
opportunity for public participation through legalistic measures. The few public
meetings and one public comment period used during the preparation of the
Draft EIS were insufficient to capture the concerns and sentiments of so many
stakeholders. It was assumed that all interests were well represented on the I
Team. However, minimal participation from members of the two most extreme
coalitions, who acted more like whistleblowers, was tragic. The active I Team
members assumed that the public would see participating state agencies as
impartial and acting in the interests of the City. It may be that I Team members
focused too heavily on preparation of the EIS document (the city needed a
product) and not enough on serious collaboration, engagement of various
stakeholders and coalitions, and negotiation of tradeoffs.
From these facts, it is fair to say the use of an EIS process to develop a coastal
erosion management strategy was inappropriate. Although an EIS would have
been necessary at some point to determine the impact of a chosen alternative on
the coastal environment, it did not provide a suitable venue for the fevered
public discourse and political wrangling that accompanied the development a
long-term management strategy.
Washington State, with its present statutory framework and unstable
relationships with local governments in southwest Washington, cannot
effectively confront ocean beach erosion.
It is questionable whether
Washington State agencies (Ecology, WDFW, and State Parks) have the
capacity or the willingness to assist a local government with the development of
a long-term management strategy. If a community desired permanent hard
structures for erosion and flood protection, it is questionable that these agencies
could prevent a local government from installing a permanent structure on the
beach or reverse a city’s decision through oversight, public process, or appeals.
Designation of an unrestricted $1 million in the state budget for coastal erosion
management signals that the state recognizes a problem but doesn't know how or
where to focus the funds to achieve policy change and erosion relief. The State
is as troubled as local governments. State agencies might again seek to
negotiate a solution with local governments or federal sponsor, similar to their
efforts on the I Team. The next steps in the Ocean Shores policy process are
critical, as precedents will likely be set for erosion management along the rest of
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the Washington coastline and for state involvement in local management
decisions.
Although the City of Ocean Shores views Corps involvement as a final solution
to coastal erosion, the Corps' process is not likely to escape political controversy
at the federal level. Ocean Shores' city officials felt relief from not having to
make a decision once Corps involvement increased. It is possible that the Corps
could recommend and implement a solution that would allow removal of
temporary erosion controls and provide relatively long-term erosion relief, at
which time the environmental and conservation coalitions could be satisfied. It
is more likely that the same competing issues complicating the decision at the
local level will be raised to the federal level during the Corps' NEPA process,
which would provide opportunities for larger, more powerful players to enter the
policy process. And, without state or federal policy guidance, it can be
supposed that the Corps’ recommendation will be influenced by political wills
of the most powerful players. At this point, a leader or entrepreneur to develop
and mobilize support for a Washington State erosion management policy is
critical to local government decision making. Otherwise, federal influence over
state and local authorities may be required to exert a national interest in local
coastal community's coastal erosion policy.
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APPLICATION OF NEW ENVIRONMENTAL TECHNOLOGIES FOR
IMPROVED COASTAL MANAGEMENT
Dwight D. Trueblood & Richard Langan, Cooperative Institute for Coastal and
Estuarine Environmental Technology, NH

The Cooperative Institute for Coastal and Estuarine Environmental Technology
(CICEET) has been funding innovative applications of environmental
technologies for the past three years to address pressing estuarine management
issues. Established in 1997, CICEET is a national center for the development
and application of innovative environmental technologies for monitoring,
management, and prevention of contamination in estuaries and coastal waters.
CICEET is a unique partnership between the University of New Hampshire
(UNH) and the National Oceanic and Atmospheric Administration (NOAA), and
promotes collaboration among academia, government, and the private sector.
CICEET uses the research capabilities of universities as well as those of
NOAA's National Estuarine Research Reserve System to develop and apply new
environmental technologies and techniques. This session will highlight the
results of three important projects that are developing and applying new
technological approaches to address coastal pollution and habitat restoration
coastal management problems.
New Technology to Measure Wave-Wash Induced Turbidity in Tidal
Creeks
Franz Anderson, University of New Hampshire
An emerging coastal management issue is the effect of small boat wave-wash
(both outboards and personal watercraft [PWC]) on increasing turbidity and
ultimately the bank erosion of small tidal creeks in estuaries. This presentation
will describe the preliminary results of a project to develop an innovative, costeffective way to monitor the effects of small boat and PWC wave-wash. Using
three National Estuarine Research Reserves, small outboard wave induced
turbidity is being compared to that of PWC in the same estuary, run under
similar conditions. The monitoring device consists of an automated water
sampler which collects a series of water samples on a timed interval after being
triggered, and a video camera that records the passage of the boat or PWC
between fixed positions (to ascertain speed) along with the height and period of
waves moving across the channel onto shore. At the same time, a flow through
turbidity meter records changes in background turbidity induced by the waves
storing the data internally. The measuring system will provide managers with a
means to determine if boat induced wave-wash does influence estuarine
turbidity.
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Accessible Methodology for Monitoring Estuarine and Coastal Vegetation
Doug Bulthuis, Padilla Bay National Estuarine Research Reserve, WA
Monitoring changes in submerged aquatic vegetation is usually accomplished
with aerial photography. Aerial photographs are available to coastal managers,
however, the protocols required to ensure accurate geographic registration of the
images present a greater difficulty. Coastal managers and local National
Estuarine Research Reserve staff often do not have access to sophisticated
Geographic Information Systems (GIS) hardware and specialized training. The
overall goals of this project are to test and demonstrate an accessible technology
for mapping and monitoring estuarine vegetation cover with aerial photography
and desktop computer software. The objectives are to develop a methodology to
map submerged aquatic vegetation with aerial photography and ArcView
software, to test the accuracy of the methodology on eelgrasses in Padilla Bay
National Estuarine Research Reserve, to apply the methodology to historical sets
of aerial photographs of Padilla Bay, and to make the methodology accessible to
local Washington State coastal planners and other coastal users via a
methodological report and forum for coastal planners. The methodologies
tested, demonstrated, and transferred in this project will not replace the need for
careful and sophisticated monitoring of submerged aquatic vegetation. The
resulting map products may lack some of the accuracy that can be achieved from
more sophisticated techniques, however it will provide an opportunity for more
widespread habitat monitoring.
Hyperspectral Tools for Early Detection, Rapid Assessment and Efficient
Monitoring of Anthropogenic Stress in Estuarine Ecosystems
Donald Potts, University of California Santa Cruz, CA
The scales in space (0.1 km to 10's of km) and time (years to decades) on which
processes of environmental perturbation and degradation are both active and
apparent are also the most difficult to work with and least understood by
ecologists and managers. This project is developing remote sensing techniques
that will allow data to be collected over a variety of small and large spatial
scales, and make it readily available to ecologists and environmental managers.
Two hyperspectral remote sensing methods are being developed in the Elkhorn
Slough National Estuarine Research Reserve to provide rapid measurements,
virtually in real-time, to evaluate research and monitoring efforts in coastal
environments, to detect and evaluate environmental changes, and to detect,
monitor and interpret biological responses to those changes. The spatial and
temporal resolution requirements for effective data and imagery for
environmental management is being determined, and standards for incorporating
efficient and effective use of hyperspectral tools in future management plans
will be presented.
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COMPARISON OF THE SANCTUARY ADVISORY COUNCIL (SAC)
PROCESSES IN THE FLORIDA KEYS AND MONTEREY BAY
NATIONAL MARINE SANCTUARIES
Daniel Suman & Manoj Shivlani, University of Miami

A Brief History of Public Participation in the Sanctuary Process
Public participatory requirements in Sanctuary designation and development
have evolved significantly since the inception of the National Marine
Sanctuaries Act (NMSA) in 1972, from the initial public hearings and comments
to the development of formal Sanctuary advisory councils (SAC). The first such
SAC was created for Florida Keys National Marine Sanctuary (FKNMS) under
the Florida Keys National Marine Sanctuary and Protection Act of 1990
(NOAA, 1996). Since 1992, the SAC process has been formalized in the
NMSA, and all subsequent Sanctuary designations are to include an SAC.
Under Section 1445a of Title 16 of the U.S. Code, the Secretary of Commerce
may establish one or more advisory councils to assist in the designation and
management of national marine sanctuaries. The membership of the councils is
to chosen from federal and state agencies, relevant regional fishery management
councils, and representatives of local user groups, conservation and public
interest organizations, scientific organizations, educational organizations, and
others interested in the management and protection of Sanctuary resources.
Each council is to consist of no more than 15 members (this rules applies only to
sanctuaries designated after November 1992), and council meetings have to be
open to the public, allow public comment, be advertised, and meeting minutes
have to be kept.
The Florida Keys National Marine Sanctuary Advisory Council
The FKNMS was the first Sanctuary to include an SAC. Under the Florida
Keys National Marine Sanctuary and Protection Act (Public Law 101-605),
section 9a called for establishment of a SAC by the Secretary of Commerce, in
conjunction with the Governor of the State of Florida and the Monroe County
Board of County Commissioners.
Members were to be chosen from Sanctuary managers and other government
representatives from agencies with overlapping management responsibilities in
the region, as well as representatives from local industries, commercial and
conservation groups, research and educational communities, recreational groups,
and the general public.
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The FKNMS Advisory Council Charter elaborates on the purpose, membership,
administration, operation, and advisory capacity of the body (FKNMS, 2000).
The four purposes of the SAC are to: Identify and evaluate emergent or critical
issues involving Sanctuary use or resources; assist managers to develop an
informed constituency and to increase awareness and understanding of the
Sanctuary; provide advice to managers on the development of the Sanctuary’s
annual action plan; and evaluate and advise on the implementation of action
plans and activities.
Under the charter, the SAC is to include members from the following user
groups: Research and monitoring, education and outreach, diving, boating, an
elected county official, submerged cultural resources, commercial fishing,
charter fishing, recreational fishing, conservation, citizens-at-large, and tourism.
Various groups are allowed more than a single representative, although none of
the members are to be paid for their service. The charter clearly defines the
decision-making capacity of the SAC, stating that the body shall not perform
operational or management functions and has no authority to make decisions or
express policy for the Sanctuary. The procedures for providing advice limit the
SAC in providing recommendations to Sanctuary managers on issues or
problems related to its purposes or those that are requested by managers; any
matters that the SAC chooses to place on the agenda must be approved by
Sanctuary managers.
The charter does allow for the establishment of subcommittees and working
groups. With the approval of Sanctuary managers, the SAC may establish
subcommittees, composed solely of SAC members, which are recognized as
official sub-units of the SAC. Working groups are also to be established only
upon approval of Sanctuary managers, and they may include persons who are
not SAC member. Working groups are to provide technical or specialized
assistance that subcommittees may not be able to accomplish.
Since its establishment in 1992, the FKNMS Advisory Council has been
intimately involved in the development of Sanctuary policy and implementation
(Suman, 1997; Smith, 1996). From 1992 to 1993, the SAC assisted Sanctuary
managers and government officials in the development of the Draft Management
Plan, including the controversial action plans on submerged cultural resources,
water quality, and zoning. In 1995, the SAC commented on the Draft
Management Plan, recommending the revision of several action plans. Most
notably, the SAC recommended that the Sanctuary eliminate certain no-fishing
zones from the plan (NOAA, 1996).
Since the passage of the Final Management Plan in 1996 and the implementation
of the FKNMS in 1997, the SAC has tackled issues such as water safety,
channel marking, zoning, and others. A centerpiece of SAC involvement has
been the Tortugas 2000 process (Shivlani, Suman, and Causey, 1999). From
1998, when the SAC created a Tortugas working group to the passage of a
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preferred zone alternative in June 1999, the advisory body has assisted in the
design, boundaries, and management structure of the largest no-take zone
designated in the United States (FKNMS, January 2000).
The Monterey Bay National Marine Sanctuary Advisory Council
Although the Monterey Bay National Marine Sanctuary (MBNMS) was
designated prior to the 1992 NMSA amendments that called for SAC
establishment in new Sanctuaries, it did establish a SAC in 1994. The SAC was
established to strengthen and support the growth of the MBNMS, assist in the
protection of MBNMS resources, and to assist in building community support
and increase understanding about the MBNMS.
The MBNMS Advisory Council Charter states that the role of the SAC is to
provide assistance and advice to the Sanctuary manager, Sanctuaries and
Reserves Division (SRD), and the Secretary of Commerce on a variety of issues,
including management priorities, programs, activities, linkages among existing
programs, public participation, research and monitoring, education and outreach,
and implementation, among others (MBNMS, 2000).
The SAC has a set limit on the number of members (20) that can be appointed
and the number of years each member can serve (3), and the charter clearly
defines the types of members that can serve on the council. The seats are
categorized into two types: eight government seats, and 12 non-governmental
seats. The government seats are well defined, as individual seats are designated
for specific federal, state, and local agency representatives. The nongovernmental members are to include representatives from the following
interests:
research, education, conservation, fishing, diving, agriculture,
industry, tourism, recreation, and the general public. Appointments are made
following a detailed notice and nomination process; applicants are first reviewed
by the SAC, and then selected by the Sanctuary manager in concurrence with
SRD.
Finally, as in the case of the FKNMS Advisory Council, the MBNMS Advisory
Council does not have the authority to perform operational or management
functions. It serves, as its counterparts in other Sanctuaries, to assist in the
decision-making process for resource protection and multiple-use.
Serving in that capacity, the MBNMS Advisory Council has been involved in
many accomplishments in the Sanctuary since its creation in 1994. The SAC
has addressed resource protection issues (kelp, sea otters, fisheries, invasive
species, and water quality), administrative and management issues
(reauthorization of the NMSA, National Marine Sanctuary Program budget,
SAC charter and protocol, among others), and user and conflict-based issues
(user fees, penalty schedules, fiber optic cables, and others). The SAC has
established three working groups on education, research, and resource
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protection. These working groups meet periodically to provide information to
the SAC and Sanctuary manager. The SAC has also established several task
forces to assist in the development of programmatic goals for the MBNMS.
SAC Comparison Study
Our study examines and compares in greater detail the SAC processes in the two
national marine sanctuaries. Using a variety of sources, including SAC minutes,
surveys with present and past SAC members, and interviews with key Sanctuary
staff, we shall determine how the SAC facilitated public participation and
representation in the national marine sanctuary process, issues that the SAC
considered, areas of conflict within the SAC, and SAC accomplishments. The
methodology utilized for the project, which commenced in March 2000, is
described below:
1.

Background and literature review
The development of each SAC, from its original composition to changes in
composition and operations, shall be studied and documented. All meeting
minutes from the FKNMS and MBNMS Advisory Councils shall be
collected and summarized to reveal issues of importance in each Sanctuary.
Also, supporting documents, related articles (both journal and newspaper),
and memoranda (and other internal documents) shall be studied to better
understand how the SAC function in the NMSA framework

2.

Detailed interviews
Sanctuary officials, key SAC members (such as past and present chairs,
vice-chairs, and particular interest group members), and NOAA officials
shall be interviewed in great detail to determine the general and Sanctuary
specific issues related to the SAC.

3.

Survey mailer
After conducting the background and literature review, as well as the
detailed interviews, a survey instrument shall be developed that can further
probe a majority of both present and past SAC members on their views of
the SAC process, especially on those issues discussed in the Introduction.
The survey mailer shall represent the final phase of the research project. It
will be implemented when all other information has been collected and
utilized in the development of the survey instrument.
Expected Findings and Significance

The comparison of the two SAC processes can help identify common themes,
problems, and solutions within all advisory groups. The comparison can also
assist in determining the different, region-specific issues that affect and
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influence each individual SAC, as described in a recent study on the proposed
Thunder Bay National Marine Sanctuary (Brody, 1999). Ultimately, the
comparative study can determine the overall usefulness of the SAC process,
when set up in different physical regions with contrasting user groups, and how
that the SAC may be improved (in terms of representation, composition,
authority, etc.) to better manage and protect national marine sanctuaries.
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AN OCEANS WHAT? COMMUNITY INVOLVEMENT IN OCEANS
POLICY: AUSTRALIA'S MARINE AND COASTAL COMMUNITY
NETWORK
A. Flaherty & D. Tarte, Marine & Coastal Community Network

Many nations are now focussing beyond coastal waters to management of large
marine areas. Canada and Australia are developing and implementing Oceans
Policy and legislation. In its Ocean Initiatives for the 21st century, the US
government has made a number of commitments to Oceans Policy
implementation.
Australia’s maritime responsibilities are vast, encompassing its own tropical and
temperate continental shelf waters, Pacific, Southern and Indian Ocean Island
Territories, and Antarctic waters. This is an area of ocean and continental shelf
nearly twice the size of the Australian mainland - some 16 million square
kilometres – in a country of just 19 million people. Following Australia’s
ratification in 1994 of the UN Convention on the Law of the Sea, the Australian
Government sought to develop mechanisms and instruments to sustainably
manage these waters, culminating with the release of the Australian Oceans
Policy in 1998. (For more information refer to the Australian Government
website <http://www.environment.gov.au/marine>).
Various stakeholder groups such as fisheries and petroleum sectors have key
interests in offshore areas of Economic Exclusion Zones and are already
engaged in discussions on policy development and regional marine planning
processes. One of the challenges of oceans management and policy development
is making "ocean issues" as relevant to the general community as “closer to
home “ coastal issues. Another is encouraging Non-Government Organisations,
who may be under-resourced, to input into oceans policy development and
planning. In addition, effective consultation requires the involvement of each
sector of the community (including regional groups), not just the so-called ‘key
stakeholders’.
Australia's Marine and Coastal Community Network's (MCCN) primary
objective is to assist community involvement in caring for our oceans and
coasts. With the development of Oceans Policy and regional marine planning
processes, the Network has the challenge of broadening community involvement
in the implementation of the policy and enhancing community and sectorial
participation and input to Oceans Policy initiatives.
The evolution and development of the MCCN is closely linked to the directions
in Australia’s coastal and marine management. An overview of the major
focuses of the MCCN gives an indication of the responses to national issues and
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policy initiatives, which were drivers in the development of Australia’s Oceans
Policy.
What is the MCCN?
The MCCN mission statement is to: “seek to achieve a cooperative and
coordinated approach by the community, government and industry to the
conservation of marine biodiversity and ecological processes and the
ecologically sustainable use of the Australian marine and coastal environment.”
The three main activities through which the Network accomplishes its mission
are: facilitation of information flow; development and provision of support for
effective collaboration and cooperation between major stakeholders for action;
and establishment and maintenance of a network.
Put simply, the Network directs its energies at a range of policy and planning
initiatives of Commonwealth, State and local government while acting as an
information-clearing house on marine and coastal issues and priorities. We are
seen to be one step removed from government, and yet have a good
understanding of government programs and processes. The Network actively
promotes best environmental practice for a range of coastal and marine uses, and
has at times been called upon to act as a facilitator to try and resolve conflict
between user groups.
MCCN Structure and Evolution
To operate efficiently the Network requires supportive administrative structures.
Our challenge, however, is to operate genuinely at the 'grass roots' level. From
its small beginnings, the Network is currently composed of:
-

-

-

-

A part-time National Coordinator who oversees the work of
Regional Coordinators, and provides input into key national policy
initiatives;
A full-time National Assistant responsible for administrative and
communication functions nationally, and oversees newsletter
production and distribution, the website, mailing lists and handles
inquiries;
Seven, full-time Regional Coordinators provide direct assistance
and support to participants. They draw upon the expertise and
advice of voluntary Regional Reference Groups;
A National Reference Group (NRG), a skilled, voluntary group of
professionals, with expertise in aspects of marine and coastal
management. This group, comprised of a member from each State
and the Northern Territory, meets twice yearly and provides
important strategic and management advice to the Network. The
individual members also serve as mentors to Regional
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-

Coordinators, with the NRG Chair also providing support to the
National Coordinator.
Participants. Currently there are over 8,000 people and
organisations on our mail list. There are however many others who
input or are involved with Network activities who are not on our
formal mail listing.

The MCCN was born out of recommendations from a 1991 national Conference
on the Environment, on the Protection of Marine and Estuarine Areas (The
Fourth Fenner Conference). Non-Government Organisations (NGOs) were able
to convince the Australian government of the need for improved public
participation in marine management and conservation.
Community education and involvement were recognised as essential for the
development of a sense of ownership, stewardship and community
empowerment necessary to achieve successful marine conservation. It was
envisioned that community involvement would instil an ethic to value the
marine environment. The recommendations from the Fenner Conference
emphasised the importance of full and vigorous public participation at all stages
of decision-making and implementation. (Ivanovici, A. et al 1991)
In 1991 the Australian Government established the Ocean Rescue 2000
program, to address conservation and sustainable use of Australia's marine
environment. Funding was made available to establish the Marine and Coastal
Community Network.
The Commonwealth Department of Environment
contracted the Australian Marine Conservation Society (a national, non
government, marine conservation organisation) to establish and coordinate the
Network
(Australian
Marine
Conservation
Society
website
<http://www.ozemail.com.au/~amcs/>)
In the Network’s early years, Australia was undertaking a national Coastal Zone
Inquiry. That Inquiry stated that Australia’s coasts, a national asset, were "facing
a crisis that is slowly escalating." There was a push for Integrated Coastal Zone
Management and a pursuit of greater inclusion of regional and local
management initiatives. The MCCN was involved in facilitating community
discussion and awareness on the Inquiry and its findings. The Inquiry also
recommended the greater involvement of the community in coastal planning and
management including the establishment of a Coastcare community grants
program and an expansion of the Marine and Coastal Community Network
(RAC 1993).
From the Coastal Inquiry came the implementation of a National Coastal Action
Program to develop local and regional strategic plans that identify the current
and future pressures facing our coastal areas as well as the environmental
qualities and capacities of an area to guide more effective environmental
management. A change in national Federal government in 1995 saw the
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initiation of a Commonwealth Coastal Policy “Living on the Coast”. This was
the Australian government’s vision for a co-operative, integrated approach to
coastal management, with a Memorandum of Understanding signed by
Commonwealth, State and Local Governments. The Network was involved in
community consultation and facilitating community comment and input into the
development of the Coastal Policy.
Also released in 1995 was Australia’s State of the Marine Environment Report,
(SOMER) which set key priorities on which the Network focussed. The main
issues outlined in SOMER were: declining water and sediment quality related to
inappropriate catchment and land use practices; loss of marine and coastal
habitat; unsustainable use of marine and coastal resources; lack of marine
science policy and long-term research and monitoring; and a lack of strategic
integrated planning.
SOMER also saw the further development of environmental indicators and a
push for community involvement in monitoring. From this we have seen a trend
in State of Environment reporting processes at regional levels, and the
development of the concept of bio-regionalisation and the progression to
ecosystems-based management, which is a key focus for the national Oceans
Policy, and the development of Regional Marine Plans. (For more information
on these policies and reports refer to the Environment Australia Marine Group
website http://www.environment.gov.au/marine/index.html)
Blue Horizons - Moving Offshore
Network activities have evolved with these national and local agendas. Initially
the Network focused on community awareness and participation in Integrated
Coastal Management. With the establishment of a national Coastcare program,
the Network has tended to shift its attentions on the marine environment. Key
issues for the Network were more recently defined by participant surveys as:
work on sustainable fisheries, implementation of a comprehensive national
system of marine protected areas; and work with governments to progress
community participation, public awareness and understanding of an Ocean's
Policy. (Community Solutions, 1999)
What Do Australians Think of Their Oceans?
Leading up to the development of Australia’s Oceans Policy, the MCCN
conducted a survey to gauge community perceptions and values associated with
Australia's marine areas. The survey targeted Network participants, who could
be assumed to have a current interest in marine and coastal areas. Eight hundred
and ninety-six people responded to the Oceans Policy Survey (an 11% response
rate) (MCCN 1997).
Whilst the majority of respondents (65%) felt that Australia's seas were in a fair
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condition, the majority also considered Australia's marine environment required
stronger levels of environmental protection. The three most important concerns
identified, were water quality issues, fisheries management issues and marine
protected areas. The majority (91%) of respondents considered that water quality
issues and marine pollution (including ballast water and the introduction of
exotic species) should be addressed by an Oceans Policy. Marine national parks
were considered by many (59%) of respondents to be an important topic for a
Policy to address.
A majority (73%) of respondents considered that domestic and/or foreign
commercial fishing and depleted fish stocks were important issues for the Policy
to address. This reflects the endorsement by the Australian Seafood Industry
Council of the Oceans Policy Issues Paper, which identified the need to
foreshadow defence, trade and diplomatic action in combating illegal foreign
fishing (ASIC 1998).
The Ocean Survey gave an indication of the attitudes and priorities of those with
an interest or knowledge base in marine issues. However, what is lacking in
Australia is an attitudinal analysis of the general public’s perceptions of the
marine environment, (similar to poling by the U.S.-based SeaWeb and Ocean
Project).
In the United States, The Ocean Project (http://www.theoceanproject.org/)
recently completed a National Survey of the American public on their
connections, values, attitudes, and knowledge related to the oceans. Whilst its
findings cannot necessarily be transferred to the Australian context, they are
useful for all ocean managers to reflect upon. The Ocean Project’s initial
findings were that there was little awareness of ocean health, especially beyond
the beach. Protecting the oceans is not an urgent issue - important but not really
important. The public possesses only superficial knowledge of the oceans, their
functions, and their connection to human well being. Oceans are viewed as
vulnerable to lasting damage, but the public does not see individual actions
having a great impact.
From its consultations, the MCCN identified that Oceans Policy needs to
address a range of issues, including:
-

increased knowledge and understanding of the marine
environment, both at the scientific and community level;
the benefits and impacts of the use of the marine environment;
the need for a stewardship ethic; and
capacity building of individuals and organisations.
Australia’s Oceans Policy

Australia’s Oceans Policy was released in the International Year of the Ocean
555

(1998). The range of issues and programmes within the Oceans Policy have
become a major focus of the Network’s work plans. The Policy emphasises that
the oceans should be managed for multiple uses, consistent with maintaining
healthy marine ecosystems. It outlined “three imperatives” which should lie at
the heart of Australia’s Oceans Policy:
-

maintenance of biological diversity and ecological processes;
economic opportunity and growth; and
social and cultural aspirations.
The Other 50%

The core component of the Australian Oceans Policy is seen as the development
of Regional Marine Plans (RMP), based on large marine ecosystems. Whilst the
MCCN will be seeking to engage stakeholders and community in regional
workshops focussing on delivery of the RMP process, the Network is also
focussing on what has been labelled the “other 50% “ of Oceans Policy.
This “other 50%” are components and programs, which incorporate, improved
understanding of the marine environment, (including environmental baseline
surveys and identification of sustainability indicators), monitoring and improved
assessment of the impacts, which will be used in developing the Regional
Marine Plans. Other program areas relate to implementation and management of
marine protected areas; national mandatory standards for marine and estuarine
water quality; a single national ballast water management system and a National
Taskforce on the Prevention and Management of Marine Pest Incursions;
treatment of acid sulphate soil problem areas; National Moorings Programme for
sensitive marine areas; and support for the early phased withdrawal of the use of
toxic organotin anti-fouling paints, including tributyltin paints. These are areas
which the Network will track and facilitate community awareness and
participation.
Regional Marine Planning
Based on large-scale marine ecosystems, the Regional Marine Plans (RMPs)
will seek to maintain ecosystem health and integrity while promoting multiple
use of our oceans by integrating sectoral commercial interests and conservation
requirements. The first RMP proposed is for the South-east Region of Australia.
This encompasses four states, namely the waters off Victoria, Tasmania,
including the waters off Macquarie Island, southern New South Wales and
eastern South Australia. The Australian Government has highlighted that there
will be “Opportunity for wide community involvement ... provided through an
extensive public consultation programme, with the release of a sequence of
planning documents providing a focus for those discussions.” (Environment
Australia, 2000). The MCCN is already organising its own Forum to engage and
increase networking opportunities amongst a diverse group of community
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organisations and experts associated with Bass Strait, the stretch of water
separating the island state of Tasmania from the south-eastern Australian
Mainland.
Challenges for Community Involvement within the Oceans Policy Process.
In the lead up to the release of the Oceans Policy a number of background and
issues papers were commissioned by the Commonwealth from a range of
authors through workshops and review. The Issues Paper on Biodiversity
Conservation identified the need to improve community stewardship and
participation in able to progress effective marine biodiversity conservation
nationally (Ward, T., et al 1997).
A range of constraints to broader community stewardship and participation were
also identified. These can be readily adapted to outline the challenges to
ensuring effective consultation with the broader community in large-scale
ecosystem management planning exercises. They include:
- The need to capture the attention of potential participants, and provide
adequate mechanisms for their participation. Such an approach is resource
intensive, and takes time and commitment. However, this support must be
gathered if the planning process is to be carried through to successful
implementation.
- The use of existing networks and organisations to enhance information sharing
and cooperation among government, industry and the community in consultative
processes, but there is the danger of over-stretching organisations and
individuals, who already are addressing a range of issues.
- Increasing community knowledge is an aid to better stewardship, and there is a
need to develop awareness that relates to the values of the regions and
ecosystems being targeted.
As mentioned earlier, what is lacking in Australia is information on the public’s
perceptions of the ocean environment and what cues can be used to engage
them. Australians have their own unique psyche and cultural perceptions and it
is not simply a matter of transferring polling data and methodologies from other
countries. Overall, there is a need to clarify what Australia's Oceans Policy
means to individuals at the local scale. Until preliminary groundwork is done on
Australian’s perceptions on the marine environment, both Government and
NGO groups run the risk of ‘operating in the dark’.
The likely outcomes of failing to engender broad marine stewardship in
ecosystem management were also identified (Ward et al. 1997). This would be
evident in:
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-

community disinterest in participating in planning, managing and
monitoring activities;
having limited community understanding and support for marine
biological diversity conservation initiatives;
continuing conflicts over access to resources and areas;
decision-making that does not fully consider or appreciate broader
community needs;
continuation of detrimental practices within the marine
environment; and
having limited or no access to relevant local and historical
knowledge.

Developing ownership and stewardship must be linked to an effective and wellmanaged communications process to raise levels of awareness and provide
feedback at all stages of the planning process. A genuinely participative process
is resource hungry, in terms of time and up-front costs. Community participants
should be paid sitting fees and research fees to maximise their capacity to be
involved, despite the potential cost. Such an arrangement would indicate a
genuine commitment to the consultation process (Allen, T. 1999). An Oceans
Policy is only one of many things which key community people will be expected
to find time to comment upon. In small regional communities, consultation
fatigue is a constant risk. The community need to know that the process is
meaningful participation, rather than meaningless consultation. Participants must
have enough faith and understanding to prioritise one process in relation to other
processes and issues (Allen, T. 1999).
From its inception, MCCN operations were premised on principles that seek to
ensure that the Network provides a forum for free discussion and facilitates
community input into decision-making processes. These are readily transferable
as principles of consultation and policy development and planning.
They are:
-

-

The community has a right to be involved in decision-making.
Good decision-making relies on relevant, accessible, up-to-date
information that is clearly understandable.
There is a need to manage human activities to ensure that longterm sustainable use of marine systems can be achieved, and
detrimental environmental impacts minimised.
Everyone has a right to their point of view, but decisions that affect
whole communities should be based on informed and considered
opinions.

Whilst the MCCN appears to be successful in engendering broader community
participation and awareness in marine issues, it is a model that works in
Australia because of the unique range of political, cultural, information, and
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funding provisions available. The MCCN model may not be the solution for
other countries, but resourcing of dedicated networks can make a difference in
community participation.
The vision of an Oceans Policy must be seen clearly through the fog of vested
interests. A process of effective participatory consultation will provide a guiding
light for successful implementation.
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International University, Joint Center for Environmental and Urban Problems
Laura Cantral, Laura Cantral Associates/Conflict Resolution Consortium

Introduction
Biscayne Bay is a shallow subtropical estuary located along the southeastern
coast of the state of Florida. The bay is a nationally significant marine
ecosystem, comprised of mangrove shorelines, scattered islands, living coral
reefs, and a large diversity of marine, terrestrial, and amphibious life. It is home
to ten federally listed endangered species, including the West Indian Manatee
and the American Crocodile, and four threatened species, such as the American
Alligator.
As a source of recreation, Biscayne Bay serves an impressive 16
percent of the State’s population, annually. Known as an excellent place to boat,
sail, fish, snorkel, and dive, it is also home to Biscayne National Park, the
largest marine park in the National Park System, Oleta River and Bill Baggs
State Parks, and the Biscayne Bay Aquatic Preserve. Also located in the bay is
one of the world’s largest passenger and commercial ports, as well as important
sport and commercial fisheries. Biscayne Bay is referred to as the life-blood, as
well as the economic engine of Miami-Dade County, Florida.
The Need for Partnership
Concerns over declining water quality and uncontrolled impacts to habitats
comprising the Bay’s ecosystems, together with the deterioration of
environmental, economic, and cultural resources led Miami-Dade County and
others to establish the Biscayne Bay Management Committee in the mid-1970s.
Through the efforts of that Committee, a water quality program was developed
and several modest habitat restoration projects completed. In 1981, the first
comprehensive Bay management plan was completed. For the most part,
however, the plan was not implemented.
In 1987, the Florida Legislature passed the Surface Water Improvement and
Management (SWIM) Act (Ch. 373.451-373.459, F.S.), which mandated the
preparation of a management plan for important bodies of water statewide,
including Biscayne Bay. The SWIM plan was updated in 1994 and currently
serves as a loose framework for the continuation of improvements to MiamiDade County’s stormwater system and Biscayne Bay’s monitoring program.
Again, however, implementation has lagged due tolacking interagency
coordination and failure of the process to enfranchise the public.
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Through the implementation of projects like the Central & Southern Florida
Project Comprehensive Review Study, critical decisions will be made during the
next three to five years concerning the long term timing and volume of
freshwater deliveries made to Biscayne Bay, as well as a host of other
management issues. Although these projects and decisions will likely determine
the state of the bay, the national park and aquatic preserve, local sport and
commercial fisheries, and Miami-Dade County’s most prominent and popular
recreational resource, these issues are not being discussed or addressed in a
wholistic manner. No one entity provides the “big picture,” nor is there a single
plan that prevents the duplication of effort while targeting unmet information
and management needs.
To meet the various challenges that threaten the general welfare of Biscayne
Bay, the Biscayne Bay Partnership Initiative (BBPI) was established to serve as
an open and inclusive, community-based forum to survey public and private
sector activities and programs affecting the bay, and to provide
recommendations for actions to protect, improve, and enhance the bay’s
resources, its social, economic, and natural values, and its ecological health.
What is the Biscayne Bay Partnership Initiative?
The Biscayne Bay Partnership Initiative (BBPI) is one of the most important and
visible community and environmental efforts currently underway in South
Florida. At the request of Miami-Dade delegation members Senator Mario
Diaz-Balart, and Representatives Rodolfo Garcia and Carlos Lacasa, the 1999
Florida Legislature created the BBPI to be a year-long scoping process designed
to produce a report to the Florida Legislature in January of 2001. The Florida
Legislature and the South Florida Water Management District provided a total
of $550, 000 to the Florida Atlantic University/Florida International University
Joint Center for Environmental and Urban Problems and the Biscayne Bay
Foundation to form a partnership and to coordinate the Initiative.
The BBPI report will provide an assessment of the current status of science,
social and economic, management, and regulation activities impacting Biscayne
Bay. While also aiming to enfranchise the public and build consensus, the BBPI
is producing its final report by fostering an effective and cooperative forum that
will incorporate federal, state, county and local governments, as well as marine
industries, tourism and business development interests, members of the
conservation community, recreational organizations, and citizens of South
Florida. The report will contain recommendations for how the various public
and private stakeholders who study, manage, regulate, and utilize the bay might
best coordinate their efforts, and how the state might assist in authorizing and
funding those efforts.
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How is the initiative structured and what are its objectives?
In order to successfully complete the tasks and responsibilities of the BBPI, the
FAU/FIU Joint Center and the Biscayne Bay Foundation structured the Initiative
into several working teams. A BBPI Coordination Team, which consists of staff
from the two organizations, provides support for the project; an interdisciplinary
Policy Development Committee (PDC) provides overall direction and final
approval of the BBPI report. In addition, four subject-specific Survey Teams are
charged with assessing the status of Biscayne Bay and making recommendations
for approval by the PDC. The four subjects are: science, social and economic
values, management, and regulation.
The PDC is chaired by the honorable Harvey Ruvin, Miami-Dade County Clerk
of Courts and former Biscayne Bay Management Committee member.The four
Survey Teams are co-chaired by a broad array of environmental professionals,
government employees, private industry representatives, and private citizens of
South Florida all of whom are are noted for their expertise and involvement with
issues pertaining to Biscayne Bay. To develop membership on the Survey
Teams, the Coordination Team and the Survey Team co-chairs worked closely
to identify all of the organizations and individuals essential to the success of the
BBPI. The PDC and Survey Teams were formed and finalized through a series
of meetings, discussions, and written correspondence. An extensive database
was developed, and is continually updated, in order to ensure effective
communication with and among the team members.
The PDC, comprised of the various government agencies, stakeholders, and
interest groups of Biscayne Bay, is responsible for reviewing and, if appropriate,
refining Survey Team reports and recommendations. PDC members are also
responsible for providing information and input to the Survey Teams throughout
their work, serving as official agency contacts for the provision of accurate
information, representing the perspectives of their respective organizations,
communicating the results of the BBPI to the organizations they represent and to
the community at large, and adopting the BBPI final report to send to the Florida
Legislature.
The goal of the Science Survey Team is to define a course of action to assure
that there is necessary scientific knowledge to permit wise and timely policy and
management decisions concerning Biscayne Bay. These include a scientific
knowledge of the character and dynamics of Biscayne Bay, the nature and
causes of its environmental problems, and how the Bay will respond to future
natural and anthropogenic stresses. To achieve this goal, the following
objectives were developed: identify the major issues that must be addressed to
restore and maintain the ecosystem health of Biscayne Bay; review and
summarize ongoing activities, the state of scientific knowledge, and the nature
of future problems; identify critical gaps in knowledge; prioritize current and
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future scientific research; and formulate science-based recommendations on
policy and management.
By engaging marine industries, businesses, homeowners, conservation and
recreation organizations, and the general public, the Social and Economic
Survey Team is working to identify those values that make a healthy Biscayne
Bay an integral component of South Florida’s social and economic future. This
team will express its recommendations to the PDC by identifying and assessing
current and future social and economic activities that do or could affect the Bay;
identifying social, economic, environmental, and other community values
related to the Bay; evaluating the importance of each of these critical values; and
identifying decision models that integrate community values and provide a
comprehensive framework to evaluate management plans and specific decisions
affecting the Bay.
The Management Survey Team has identified several objectives as critical to its
outcome of developing recommendations to improve the effectiveness of
existing management efforts in Biscayne Bay. They are: review existing
management plans and efforts for the Bay and its watershed; review selected
management models implemented in other bays or watersheds and assess
applicability to the Biscayne Bay; and based upon coordination with the
Science, Regulatory, and Social and Economic Survey Teams, formulate and
assess current management needs and goals. Lastly, the Management Team will
assess whether existing plans (a) adequately address management goals; (b) are
current; (c) are coordinated/compatible with each other; and (d) could
incorporate innovative elements that have been applied elsewhere.
By identifying all the agencies with jurisdiction over Biscayne Bay, and
collecting applicable laws, rules, and regulations, the Regulatory Survey Team
is aiming to assess the purpose and effectiveness of the current regulatory
regime of Biscayne Bay. This team is also identifying areas where current or
conventional regulation appears unable to effectively address the issues, and
determine if innovative regulatory solutions from other locations would be
appropriate.
How does the Process Work?
The process began with a one and one half-day Opening Symposium on January
28th and 29th , 2000. Approximately 300 participants were in attendance to
kick-off the year-long scoping process. The event began with a general plenary
session featuring speakers such as Governor Jeb Bush and other members of the
Florida Legislature, the superintendent of Biscayne National Park, and the
Chairman of the South Florida Water Management District; each pledging their
commitment and support to the future of Biscayne Bay. The session also
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featured a BBPI project advisor, William Matuzeski of the US EPA’s
Chesapeake Bay Program. As director of the Chesapeake Bay Program Office
since November of 1991, Mr. Matuzeski was able to provide the BBPI
participants with valuable insights and recommendations for implementing a
successful program.
Later in the afternoon, with continuation the following day, members of the four
Survey Teams, along with public participants, separated into individual
breakout rooms to begin to discuss the BBPI mission, and teams’ objectives,
critical issues, workplans, and subsequent meetings. Meeting summaries of
each session were prepared by team facilitators and distributed to all attendees.
Following the Opening Symposium, the Survey Teams embarked on a schedule
of meetings to further develop issues, identify gaps in information, and develop
recommendations for addressing issues. Once adopted by the Policy
Development Committee, the recommendations will be sent as a final report to
the Florida Legislature in 2001. As the process moves forward, the list of issues
to address will continually expand and evolve. For exemplary purposes, the
following matrix shows a variety of the identified issues to date.
SURVEY
TEAM
Science

ISSUES TO ADDRESS
Freshwater Inflow: What does the Bay need in terms of
quantity, timing, and distribution?
Coastal Wetland Habitat: Function, future, restoration, and
preservation needs
Marine Flora and Fauna: What is the status of the species of
the Bay with respect to the past?
Coastal Development: How can effects of existing
development be reduced/mitigated? How can the Bay and its
coastal wetlands and shoreline be protected from impacts?
Mitigation and Restoration Efforts: How to assess and
improve effectiveness?
Waste Disposal: Are there threats to the Bay from deep well
injection, coastal discharge, landfills, etc.?
Natural Catastrophes: Effects on natural and manmade
resources
Climatology and Sea Level Rise: Future effects on Biscayne
Bay
Nutrient and Toxin Loading: What are the appropriate limits?
Where are they coming from? How can they be reduced and
contained?
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SURVEY
TEAM
Social and
Economic

ISSUES TO ADDRESS

Management

Water Management: Establish management goals to restore
water quality and freshwater timing, quantity, and
distribution. Address watershed activities to reduce nutrient
and toxin loading.
Growth Management: Address population pressure, consider
the establishment of a buffer zone, review all related
management and restoration efforts and plans.
Multiple Uses: Identify all public uses and user groups of the
Bay and its resources. Establish clear management goals,
which genuinely reflect the diversity of activity interest in the
Bay.
Integrated Management Structure: Integrate and enforce
existing local, state, and federal regulations. Improve interagency coordination and linkage between management
programs. Enhance integration across societal goals,
management options, and scientific knowledge.

Public Access: How to increase access to natural resources,
affordable boating, overnight accommodations, and other
recreational activities?
Clean Up of Debris: Who is responsible and where will the
funding come from?
Development and Growth: How to balance economic,
recreational, and environmental needs to maintain a
sustainable pattern of the use of the Bay and the surrounding
lands?
Economic Impacts and Analysis: What is the economic value
of the Bay? What industries—commercial and industrial--are dependent of the health of the Bay?
Education: How can we generate adequate and quality public
awareness programs dealing with the dynamics of the Bay?
Social Values and Impacts: Establish an inventory of noneconomic social values supported by the Bay. How can these
values be enhanced?
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SURVEY
TEAM

ISSUES TO ADDRESS

Regulatory

Signage: Update and enhance maintenance of existing
signage (e.g. public access, manatee zones, intracoastal
markers)
Enforcement: Assess a baywide mutual aid agreement/task
force for the inclusion of all enforcement agencies
Watershed: Increase capability of regulations to protect the
watershed of the Bay, addressing issues such as urban
encroachment, land acquisition, and buffer zones
Regulatory Jurisdictions: Identify overlapping jurisdictions,
rules, regulations, regulatory gaps, and ineffective programs.

BBPI Web Site
An important component of the BBPI process is the maintenance of its Web site:
www.bbpi.org. The site was created to ensure that team members and public
participants are able to communicate efficiently and effectively, while also
receiving all necessary information about the process and any background
material that is relevant for the assessment and development of
recommendations. The website allows the user to access project information, a
calendar of meetings and events, documents, reports, and meeting summaries,
GIS data and maps, information about outreach activities, and related links and
resources. In addition, online discussion groups have been created for each
Survey Team, the PDC, and the general public. The Web site, which will
continue to evolve and expand, allows the BBPI Coordination Team to respond
to the ever-increasing interest and involvement of South Florida citizens in the
Biscayne Bay Partnership Initiative.
Conclusion
Biscayne Bay is home to a broad number of diverse interests and resources,
including the Port of Miami and the world’s largest collection of cruise ships,
important recreational and commercial fisheries, Florida’s most heavily visited
state park, and the nation’s first underwater national park.
As collaborative effort of local citizens, businesses, and government officials,
mission of the Biscayne Bay Partnership Initiative is to develop an open and
inclusive, community-based forum to survey public and private sector activities
and programs affecting Biscayne Bay, and to provide recommendations for
actions to protect, improve, and enhance the bay’s resources, its social,
economic, and natural values, and its ecological health. All of the many
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individuals and entities involved in the BBPI effort are committed to a vibrant
and healthy Biscayne Bay for the 21st century. To that end, the BBPI holds great
potential and promise for the future management and long-term protection and
preservation of Biscayne Bay.

Melissa Bialczak
Florida Atlantic University/Florida International University
Joint Center for Environmental and Urban Problems
C/O Biscayne Bay Foundation
2964 Aviation Avenue, Suite 300
Coconut Grove, FL 33133-3862 USA
Phone: (305) 447-4566
(305) 447-4599
Email: bialczakm@hotmail.com

567

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

PROMOTING OCEAN STEWARDSHIP FOR THE BERING SEA
Glenn Gray & Chas Dense, Alaska Coastal Management Program

The purpose of the Bering Sea Ecosystem Project, a joint project of the St. Paul
Coastal District and the Alaska Division of Governmental Coordination, is to
promote communication and coordination among agencies, organizations and
coastal communities to address concerns about Bering Sea resources. The
National Oceanic and Atmospheric Administration's (NOAA) Office of Ocean
and Coastal Resource Management funded this effort through the Enhancement
Grants Program because of the project's focus on ocean stewardship.
The Office of the Governor, Division of Governmental Coordination manages
the Alaska Coastal Management Program (ACMP). It initiated the Bering Sea
Ecosystem Project in 1997 in response to a proposal by the St. Paul Coastal
District, which is located in the middle of the Bering Sea. Residents of the
Bering Sea began noticing anomalies in the fish and wildlife during the last
decade. They understood there are interconnections among the diverse species
of the region and recognized a need for an ecosystem approach to managing the
Bering Sea’s resources and uses.
Located in the North Pacific Ocean, the Bering Sea is located between Russia
and Alaska extending north to the Chukchi Sea in the Arctic Ocean and south to
the Aleutian Islands chain. Natural resources provide the backbone of culture
and economy for the region. The sea's rich fishery resource fuels the local
economy and makes up about 56 percent of the seafood harvested in the United
States. In addition to commercial fishing, area residents depend on healthy fish
and wildlife populations to continue their subsistence lifestyle. For many rural
Alaskans, subsistence hunting and fishing provides a substantial portion of their
food. Previous plans to develop the region's oil and mineral resources have been
withdrawn in recent years due to the long distance to market and environmental
concerns, but interest in these resources may be rekindled in the future.
The Need for an Ocean Stewardship Approach
Many local, state, and federal agencies have management responsibility in the
Bering Sea, but no one organization is responsible for coordinating an overall
approach to managing resources and uses of the region. This situation is not
much different than in other marine areas of the United States. While many
institutions have been created to coordinate land management, few forums exist
to coordinate efforts to manage our nation's oceans.
A number of coastal states have developed models for developing strategic
approaches to coordinating management of marine resources with various
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degrees of success. These ocean stewardship programs attempt to bring together
federal and state agencies and other interested parties to discuss important
ocean-related issues and to develop strategies to address specific concerns.
While individual local, state, and federal agencies manage specific marine
resources or uses, there are few institutions that promote a holistic approach. A
few states have tackled this problem by developing ocean management plans.
Rather than traditional plans, these documents describe agency responsibilities,
identify persistent issues, and recommend approaches and solutions to specific
problems.
Most states that have initiated ocean stewardship programs have used their
coastal management programs to coordinate the effort. Generally, states manage
resources within the area three-miles from shore, and the federal government
manages the resources between three and 200 miles from shore. Because they
have limited authority in the federal waters, some states refer to the area of state
and federal waters as "stewardship areas." Rather than adding another layer to
resource management, the states have played an important role in coordinating
efforts to promote a system-wide management approach that considers how one
resource use affects another.
During the past few years, agencies and organizations have expressed a need to
better coordinate management and research efforts in the Bering Sea region.
One of the purposes of the Bering Sea Ecosystem Project is to bring interested
parties together in small groups to identify issues, data gaps and possible
solutions to pressing problems. While there has been progress towards
developing a coordinated research program for the Bering Sea, there may be a
lack of political will at this time to develop a coordinated approach for
management of resources and uses.
The Bering Sea in Crisis
The Bering Sea supports a rich diversity of fish and wildlife including about 450
species of fish, crustaceans and mollusks; over 50 species of seabirds; and 25
species of marine mammals. About 43 percent of all seabirds breed in the
Bering Sea region. During the past few years, government agencies have
responded to signs of ecosystem stress by proposing a number of initiatives for
the Bering Sea.
Area residents have been observing declines in some fish and wildlife
populations during the past ten years as well as an increase in bird kills and
other biological anomalies. The close connection between the environment and
Native people through a long history of subsistence hunting and fishing provides
a "first alert" system for identifying ecosystem changes. Area residents have
noticed signs of ecosystem stress through bird kills, weakened offspring of sea
birds, and thinning of marine mammal pelts. During community workshops
sponsored by the Bering Sea Ecosystem Project, residents reported a number of
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anomalies including unusual behavior of beluga whales, declines in certain
species of songbirds, an increase in concentrations of seals, a decline in salmon
spawning areas due to increased beaver dams, and a decrease in the thickness of
the fat layer of some marine mammals.
An ocean ecosystem is a complex web of physical and biological relationships.
A similarly complex web of human activities, cultures, authorities, and values
interacts with the ecosystem. A biophysical regime change in the Bering Sea
ecosystem is evidenced by a regime shift toward the scarcity of once-abundant
resources and an increase in others. These regime changes are likely due to a
combination of natural and human causes. The effects of climate-driven
changes with human exploitation of fish and whales may have caused
synergistic effects on the food webs during the past few decades that have
affected species’ health and abundance higher on the food chain. A lack of
consensus on the causes of specific biological changes in the Bering Sea,
however, underscores the need for more coordinated and targeted research and
an ecosystem-based approach to managing human activities.
As early as the late eighteenth century, commercial exploitation Bering Sea
resources began with the Russian fur trade. Overharvest of sea otters eventually
led to significant declines in their populations. A side effect of the fur trade was
the extinction of the Stellar's sea cow, a relative of the dugong and manatees,
used by the Russians for food.
Today a number of Bering Sea species are in serious decline. The western
population of Steller sea lion has been listed as a threatened species under the
Endangered Species Act, and this population is thought to have declined about
75 percent during the last two decades. The Stellar's and spectacled eiders have
also been listed as a threatened species and efforts are currently underway to
establish critical habitat areas. Other declines in certain populations of seabird
species such as the red-legged kittiwake, and common and thick-billed murres
have been reported in some areas of the region. Declines in fisheries such as red
king crab and salmon in recent years have had a drastic effect on the region's
economy. At the same time, there has been an increase in some species such as
pollock, arrowtooth flounder, and yellowfin sole. Although the causes of these
population changes are not certain, scientists have expressed concern about the
potential effects of fishing on benthic communities and habitats, the increase in
endangered or threatened marine mammals and seabirds, and the effects of a
possible build up of contaminants. The regime shift in the Bering Sea has
sparked questions about how humans interact with this vast and rich ecosystem.
Other Bering Sea Efforts
While many federal and state agencies manage resources and uses in the Bering
Sea region, little emphasis has been placed on a cross-sector approach. During
the three-year history of the project, a growing interest in Bering Sea issues has
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led to a number of initiatives to improve research coordination and resource
management. These initiatives include efforts by government agencies,
conservation groups, and local people.
In one of the earlier efforts, the Department of the Interior, NOAA, and the
Alaska Department of Fish and Game joined together in December 1997 and
June 1998 to sponsor workshops on the Bering Sea. This joint effort resulted in
the development of a white paper and a draft research plan for the Bering Sea
region.
Governor Tony Knowles established the Bering Sea Task Force in 1998 in
response to the disastrous effects of low salmon runs on the people of western
Alaska. The task force disbanded after completing its report in March 1999.
The group focussed on research issues and recommended establishment of the
North Pacific Research Board, stable research funding, development of a
comprehensive research plan, easily accessible information, and coordination
with regional, national and international research bodies.
At the time of this writing, members to the North Pacific Research Board had
not been appointed, but congressional legislation has been passed for funding
research in the North Pacific Ocean. Interest from a fund established by
Congress will provide money for research that will be coordinated by the North
Pacific research board. Initial appropriations for research are expected to be
about $6.6 million.
The National Marine Fisheries Service (NMFS) in NOAA and the North Pacific
Fisheries Management Council address all aspects of federal fisheries in the
Bering Sea. One of the Council's committees provides advice on improving
ecosystem-based management. Also, NOAA maintains the Bering Sea and
North Pacific Ocean Theme Page on the internet. This web page includes useful
information about the Bering Sea including research efforts, a metadatabase,
online data sets, and links to other related web pages.
The Environmental Protection Agency is sponsoring a visioning project that
involves community-based protection of the Bering Sea. The development of a
shared vision would lead to identification of chemical, physical and biological
stressors and develop an integrated response assessment for the Bering Sea. The
project will address ecological issues, human health, economic development,
and cultural heritage.
The Center for Marine Conservation (CMC) kicked off its Alaska Seas
Campaign with a 1997 workshop titled Ecosystem Management in the Bering
Sea. The effort promotes development of an ecosystem management system
with objectives that are "mutually agreed upon." The CMC supports fish
production while maintaining viable populations of mammal and avian species.
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The World Wildlife Fund (WWF) and the Nature Conservancy joined forces
with other environmental organizations to promote a biodiversity assessment of
the Bering Sea. These organizations plan to develop a series of Geographic
Information System (GIS) maps that identify important habitat including major
upwelling areas and the ice edge.
The Bering Sea Coalition, a group representing coastal communities, sponsored
a conference during 1999 to foster the development of an organization that
represented Native interests. Specific concerns of this group include declines in
Bering Sea species and contaminants. The workshop led to creation of the
Bering Sea Council of Elders, a group of Native elders that meet periodically to
provide guidance to solving problems in the region.
These efforts indicate existence of greater opportunities for a more integrated
approach beyond the single-sector focus of most agencies. It may be effective,
however, to explore ways to coordinate the work of these initiatives.
Project Components
The Bering Sea Ecosystem Project has six major components, but its overall
purpose is to increase coordination and communication among those interested
in ecosystem-based management for the region. The major goals of the project
include the following:
•
•
•
•
•
•

Identify stakeholders interested in Bering Sea ecosystem-based
stewardship;
Improve coordination and communication among stakeholders;
Identify management and data gaps in addressing Bering Sea issues ;
Identify common goals and strategies for the Bering Sea;
Develop a strategy for ocean stewardship that embraces a multi-sector
approach; and
Incorporate traditional and local knowledge into research, planning and
management.

The project team interviewed over 100 representatives of state and federal
agencies, local communities, industry, Native organizations, and nonprofit
organizations. A stakeholder survey determined major issues in the region,
information gaps and possible solutions to promote a more coordinated
approach. Project staff held several meetings with government agencies and
workshops in five rural communities to discuss issues important to the residents.
The workshops were held in Unalakleet, Bethel, Unalaska, Naknek, and
Dillingham.
Participants in the interviews and meetings clearly identified a need for
improved communication and cooperation among parties interested in the
Bering Sea. Many of these people, however, stated a preference for
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coordination among existing organizations and agencies rather than creating
another layer of government. Local people expressed a need to consider local
and traditional knowledge with science when making management decisions.
Area residents indicated a desire for scientists to involve local people in the
design of research studies and data collection and requested that results of
studies be presented to the communities in plain English. Local residents also
expressed a desire for continued outreach from state and federal agencies
concerning day-to-day management.
The project included several local knowledge components. Early on, the team
developed a bibliography of the literature on local knowledge. Also, the project
funded development of a case study to apply traditional knowledge and wisdom
in the ACMP. This component of the project involved a three-day conference
on the Bering Sea ecosystem and co-management on the island of St. Paul.
An attempt to develop an on-line reporting system for local observations of fish
and wildlife was not successful. This idea, however, led to the development of
the Bering Sea Listserve to encourage dialogue about issues through electronic
mail. The listserve facilitates discussion of issues and allows subscribers to pose
questions or announce meetings or newsworthy events.
Another component of the project was the development of the Bering Sea
Directory. The purpose of the directory is to consolidate contact information for
representatives of organizations, agencies and local communities interested in
Bering Sea issues. This directory will enhance communication and cooperation
among these players by providing contact information and descriptions of
Bering Sea stakeholders.
During the project, leaders of a number of Bering Sea initiatives met by
teleconference. The Bering Sea Initiatives Group includes representatives of
agencies and organizations with ecosystem-related projects. This group meets
periodically to discuss individual initiatives and to explore opportunities for
cooperation.
Recommendations
The three-year project will conclude with publication of a final report in June
2000. The report will describe Bering Sea agencies and organizations, discuss
legal authorities, and describe ocean initiatives of other states. Additionally, the
report will summarize the findings of the survey and meetings and include
recommendations for enhancing ocean stewardship.
The recommendations will reflect the sentiments of the majority of people who
attended project meetings or participated in the interviews. A primary
recommendation of the project will be to continue collaboration among coastal
districts to discuss common Bering Sea concerns. Coastal districts are local
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government entities that develop local coastal management plans as part of the
ACMP. The project will include drafting a memorandum of understanding
among the ten coastal districts in the Bering Sea region.
Another recommendation concerns continued informal collaboration among
agencies and organizations with Bering Sea programs on a regular basis.
Establishment of the Bering Sea Initiatives Group was a first step to realize this
goal, but this effort could suffer without a lead agency to organize meetings and
sponsor teleconferences. Continued use of the Bering Sea Listserve and the
NOAA web page will encourage continued communication and cooperation.
The final report will recommend increased agency outreach to communities. A
common theme of community representatives relates to a desire for greater
involvement of communities by state and federal agencies. Meeting participants
and interviewees suggested a number of methods to increase outreach such as
increased budgets for agencies for this purpose, cross-cultural training,
educational outreach through the schools, development guidelines for agency
personnel who work with communities, and an emphasis on recognizing local
contributions of information used for scientific studies.
Other recommendations will address the need for considering how inland
activities affect Bering Sea resources, standardized mapping and data gathering,
enhancement of the ability of communities to respond to ecosystem changes,
development of a model system for incorporating local and traditional
knowledge into policy development and implementation, and improvements to
coordination and reporting of research. Improving coordination and reporting of
research will require involvement of communities and independent scientists in
research design and data collection.
Finally, the report will include a recommendation to coordinate management of
resources and uses of the Bering Sea. While development of the North Pacific
Research Board will better coordinate research efforts, there is no comparative
organization being proposed to coordinate management efforts. Following the
models used in other states, establishment of a committee or task force to
investigate appropriateness of a Bering Sea ocean council or commission may
be appropriate in the future. This method has proved to be a successful means to
identify stresses on marine ecosystems, prioritize issues, and promote possible
solutions. Reflecting the opinions of the majority of those attending project
meetings and those interviewed, a coordinating body should not "reinvent the
wheel," and it should be a manageable size, inclusive, and representative of the
many Bering Sea interests.
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Glenn Gray
Division of Governmental Coordination
Office of the Governor
State of Alaska
P.O. Box 110030
Juneau, AK 99811-0030
Phone: (907) 465-8792
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ENCOURAGING STEWARDSHIP AND LOCAL-LEVEL PROJECTS:
THE FLORIDA COASTAL MANAGEMENT PROGRAM’S
COASTAL PARTNERSHIPS INITIATIVE
Heidi Recksiek, Florida Coastal Management Program

Each year the Florida Coastal Management Program (FCMP) funds a number of
coastal management projects through a competitive grants process. During the
spring and summer of 1999 the FCMP worked to redesign this process, creating a
new program called the Coastal Partnerships Initiative. This initiative is designed
to support innovative local-level coastal management projects in four program areas:
public access, remarkable coastal places, working waterfronts, and community
stewardship. Governmental, educational, and non-profit entities can apply, and the
FCMP offers technical assistance and training along with the more traditional
funding support. Projects can be extremely diverse, ranging from local government
or non-profit programs that use volunteers to perform dune revegetation to citizen
water quality monitoring efforts to community-wide waterfront revitalization
projects.
The Coastal Partnerships Initiative is an innovative approach to grants that involves
much more than simply providing money and receiving reports. FCMP staff work
with applicants to develop and refine their projects before they are finalized, and
continue to have involvement throughout the implementation phase. Financial
assistance is augmented by technical assistance, training, and site designation. The
variety of assistance offered and the partnership nature of the projects extend the
value of the program far beyond the money spent.
In this first year alone, Florida’s communities submitted over forty project proposals
under the Coastal Partnerships Initiative. A review committee selected projects in
each program area, looking for activities that both enhance stewardship and protect
critical coastal resources. Eleven projects were selected, and an additional five
projects are contingent on available funding.
Developing the Coastal Partnerships Initiative
The impetus to redesign the grants process came from a desire to support “good
ideas” at the local level. During visits to different areas and while reviewing
management issues and activities around the state, staff discovered many local
groups, both within and outside of government, who were doing innovative things
to protect and enhance their coastal areas. From local government programs that
used volunteers to perform dune revegetation to citizen water quality monitoring
groups to community college environmental education programs, a growing number
of efforts were both fostering stewardship and protecting critical coastal resources.
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As staff began talking about how the FCMP could support such innovative efforts,
discussions with a variety of local groups and existing resource management
entities revealed significant support for a new grants initiative that would focus on
community-based, local-level type projects. These discussions, along with an
internal review of FCMP goals and focus areas, led staff to outline four program
areas for the new grants: Remarkable Coastal Places, Community Stewardship,
Access to Coastal Resources, and Working Waterfronts.
Remarkable Coastal Places
Florida’s coastal communities have many unique resources that are intrinsic to their
identity and prosperity. State and federal programs have preserved extensive areas
in Florida, but these efforts cannot address the particular needs of every coastal
community. The Remarkable Coastal Places initiative encourages communities to
identify places with exceptional cultural, historical, and ecological values, and helps
them to apply planning and management tools necessary to preserve and protect
these places. Proposed projects might include developing a conservation plan for
an endangered habitat area, establishing long-term administrative management
structures for a particular resource, or creating and implementing a comprehensive
public information campaign to educate local residents about a natural resource that
is unique to an area. The initiative will help local partners develop a suite of tools
tailored to resource and community characteristics, and the FCMP will incorporate
technical assistance into the project scope. For example, the FCMP might develop
a number of training workshops for local government officials and residents, bring
in other state agencies to assist in management or permitting activities, or help
facilitate a strategic planning process.
Access to Coastal Resources
Access to cultural, historical, and natural areas along the coast is essential to public
understanding and enjoyment of coastal and marine resources. At the same time,
public use should not degrade or damage these fragile areas. Through this
initiative, the FCMP will partner with communities to promote public access while
protecting coastal environments. The FCMP will help communities to identify and
improve public access points and to inform residents and visitors about the
responsible use of our valuable coastal resources.
Community Stewardship
Government alone cannot manage and protect Florida’s vast coastal resources.
Citizens must be involved – they are the ones who use and enjoy coastal resources
on a daily basis. One of the best ways to inspire conservation and responsible use
of Florida’s resources is to get people into direct contact with the coastal
environment. The FCMP supports small-scale, community-based projects that
involve citizens in understanding and protecting coastal resources. Stewardship
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projects are designed to encompass a broad range of activities, from dune and
wetland revegetation projects and educational field trips to volunteer monitoring
and waterfront clean-ups. The ultimate goal of these projects is to give Florida’s
residents and visitors a sense of the value, wonder, and fragility of coastal
resources, and to encourage personal stewardship of those resources.
Working Waterfronts
Many of Florida’s traditional waterfronts have seen dramatic economic and social
changes in the last two decades. Today many communities are interested in
revitalizing their waterfronts. The FCMP’s Waterfronts Florida program designates
three communities biennially to receive training, education, and financial assistance
as they develop and implement revitalization plans. The Working Waterfronts
initiative is designed to assist communities that are preparing to apply for
designation as Waterfronts Florida communities, or that are implementing
revitalization plans. Working Waterfronts projects should enhance the traditional
waterfront economy while addressing the issues of public access, resource
protection, and hazard mitigation.
Types of Assistance Available Under the Coastal Partnerships Initiative
An important step in creating the new program was recognizing that local projects
can benefit from multiple forms of assistance, and that the FCMP can contribute
more than financial support. Technical assistance and training, as well as specific
tools such as facilitation and site designation, can contribute to successful project
development and implementation. The Coastal Partnerships Initiative offers all of
these types of assistance, encouraging applicants to draw upon more than basic
financial assistance.
The type(s) of assistance needed will depend on project type and the existing
capacity of the applicant. When a project is selected, FCMP staff will work with the
applicant to identify project needs, designing a “suite” of assistance. In some cases
applicants may have fully-formed plans that merely require funding for
implementation, but other groups may have a desire to protect certain coastal
resources, but need help with organizing, planning, and technical training.
Designing the Coastal Partnerships Initiative as a suite of assistance types allows
the FCMP to tailor its available resources – from monetary support to staff time to
connections with technical experts – to community needs. It also allows the FCMP
to aid more areas, utilizing the full range of tools and experiences at our disposal.

The First Year of the Coastal Partnerships Initiative
In October of 1999, the FCMP issued a request for proposals (RFP) that solicited the
first round of Coastal Partnerships Initiative projects. Local governments,
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educational institutions, and non-profit groups working with these entities were
encouraged to submit short proposals to become partners in the four new program
areas. This broke from the traditional grant process in two important ways. First,
the ongoing coastal management activities of non-profit groups, as well as their
potential to involve citizens, spurred the FCMP to solicit projects from these
entities. Second, proposals did not have to present detailed, fully-formed projects.
A proposal could outline an innovative idea, requesting the FCMP’s help with
fleshing out the project and identifying implementation tools.
Forty-two proposals were submitted in response to the RFP. A review committee
selected eleven projects, with an additional five projects contingent on available
funding. Selection criteria included demonstrated need, evidence of community
support, and assurance of coastal resource protection or enhancement. Applicants
were notified of selection in November, and staff began meeting with recipients after
the New Year.
As of March, 2000, FCMP staff have met with the organizations working on each of
the selected and contingent projects. Many of the projects involve partnerships
with other local entities (e.g. a local non-profit is partnering with a county extension
service), and these partners have been involved in these meetings as well. Staff
have worked with applicants to establish project needs and plans, and to determine
the types and amounts of assistance appropriate. Through emails and phone calls,
staff have researched methods, provided contacts, and answered logistical
questions. Face to face meetings have helped to establish rapport with recipients,
as well as providing staff with the opportunity to see project sites. In one case staff
participated in a salt marsh planting with a group of high school students, getting
a first hand look at the type of restoration projects our grant will support.
Project objectives, deliverables, and budgets are currently being finalized. The
FCMP will submit this year’s Coastal Partnerships Initiative projects to the National
Oceanic and Atmospheric Administration (NOAA) in April. Subject to NOAA
approval, project implementation is scheduled to begin July 1, 2000. The FCMP will
continue to work with applicants and their local communities in an active
partnership throughout the life of a project. Although these grants will end on June
30, 2001, a number of this year’s recipients are already planning follow-on projects.
The FCMP will remain in contact with its new partners, utilizing the lessons learned
and facilitating contact between experienced local-level efforts and new projects just
getting off the ground.
The Coastal Partnerships Initiative is Achieving Our Goals
The Coastal Partnerships Initiative was designed with several goals in mind. First,
the FCMP wanted to support more local-level projects, encouraging government
and citizen groups to enhance and protect their local coastal resources. Second, the
FCMP wanted to offer technical assistance and training along with the more
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traditional funding support, creating working partnerships with applicants that
would persist throughout the life of a project. Third, the FCMP wanted to identify
specific focus areas that reflect both local needs and FCMP interests and capacities.
Although this is only the first year of the new process, it is already apparent that the
Initiative will meet these goals. Applicants included place-based non-profits, local
governments, and community colleges. Selected projects will involve many citizens:
volunteers will remove exotic vegetation, survey seagrass, plant salt marsh grasses
at restoration sites, and monitor sea turtle nesting. FCMP staff have met with all of
this year’s grant recipients, outlining project details and providing technical
assistance where needed. Whether researching methodologies, participating in a
pilot project, identifying individuals with expertise, or helping fill out a budget form,
staff members’ direct contact with applicants is well received and appreciated.
Through the Coastal Partnerships Initiative, the FCMP is forging lasting
partnerships with a variety of local groups that are concerned about their
communities and their coastal resources.
Although projects were submitted in all four project areas, Community Stewardship
and Access to Coastal Resources proved the most popular in the initial round of
proposals. Applicants were enthusiastic about the idea of local-level projects that
involve citizens in hands-on activities and that promote public access to and use of
coastal areas. The FCMP hopes to receive greater numbers of Working Waterfronts
proposals as the Waterfront Florida program continues to grow in size and in
achievements. The FCMP is also working to better define the Remarkable Coastal
Places project area for next year’s proposal process; by describing the range of
potential activities that could be initiated under this designation process, the FCMP
hopes to inspire more communities to request designation.
The FCMP designed the Coastal Partnerships Initiative to inspire community action
and to promote the protection and effective management of Florida’s coastal
resources. This year’s projects are meeting these goals. Planned activities involve
large numbers of volunteers, organize place-based planning and conservation
efforts, and forge innovative partnerships between governmental and academic
entities, non-profit organizations, and citizens. Many groups and individuals in the
coastal management community have responded to the Coastal Partnerships
Initiative with enthusiasm, and a large number of new proposals are expected for this
coming fall. The FCMP looks forward to new partnerships, and to continuing the
relationships we are building during this first year.
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Introduction
An understanding of the spatial distribution and dynamics of the estuarine and
nearshore communities is critical to marine resource management in the in the
Pacific Northwest. For example, the Estuary Plan Book (Cortright et al. 1987) is
currently used by state agencies in Oregon to support management decisions,
including those relating to coastal development and subsequent mitigation, and
by others (Fuss 1999; Garono and Brophy in prep.) to prioritize restoration
actions. The Estuary Plan Book classifies Oregon estuaries into management
areas based on biological and physical characteristics. Types of very general
‘habitat’ types described in the Estuary Plan Book include salt marshes,
tideflats, and seagrass and algae beds. Justification for using habitat types as
management units is predicated on the assumption that “the distribution of fishes
and other mobile species is dependent at least in part on the availability of
feeding and spawning areas and protective cover along the estuary bottom”
(Cortright et al. 1987). However, although estuarine habitat types are commonly
used as management units for the protection and restoration of estuarine
biological communities, empirical evidence relating habitat features
(“attributes;” Simenstad et al. 1991) and landscape structure or position to the
support of estuarine organisms, especially mobile species (e.g., salmonids), and
habitat types recognized by managers are often lacking (Simenstad et al. in press
b). Small, discrete features, such as large woody debris (LWD) and small or
narrow habitats that are disproportionally important to fish and wildlife are
typically lost in these coarse scale habitat approaches to mapping and managing
estuaries. In the case of estuarine restoration, what little evidence exists
suggests that restored estuarine habitats that appear to be similar are not
necessarily utilized to the same degree by estuarine organisms, as are more
natural habitats (Simenstad and Cordell in press). Finally, habitat availability,
i.e., acreage, is used as an indictor of estuarine health or to judge the success of
estuarine restoration efforts (see Good in prep.). However, the number of acres
alone may not be enough because other factors, such as presence/abundance of
exotic plant species within a biological community, the degree of fragmentation
and spatial relationships (i.e., connectivity, interspersion with other habitat
types, size, position relative to saltwater), may ultimately influence the
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distribution and abundance of estuarine organisms and overall estuarine integrity
and function.
Although many important fisheries and other ecological functions of estuarine
and coastal ecosystems are determined by landscape structure and processes,
obtaining meaningful management information at both high spatial resolution
and broad scales has, until recently, been problematic. Remotely sensed data are
extremely useful for developing visual representations (maps) that can be used
for planning, monitoring, and restoring of estuarine and near shore ecosystems.
Data collected with airborne or space-borne sensors offer a “bird’s eye”
perspective that can highlight the spatial relationship between estuarine features
and permit accurate measurement of their extent. In addition, new types of
sensors permit detection (and subsequent analysis) of reflected radiation from
estuarine features at wavelengths normally undetectable to the human eye
(Congalton and Green 1999). Challenges to using remotely sensed data include
the accurate identification of and discrimination between estuarine features such
as plant communities and substrate types (i.e., habitat types) in way that is
spatially accurate.
Estuarine mapping projects can be hampered by three problems: the ability to
detect small (< 10m2) features, spatial accuracy, and the ability to discriminate
among vegetation and substrate types. Until recently, coarse satellite imagery,
such as Landsat-MSS (80-m), Landsat-TM (30-m) or SPOT (10 to15-m), or
aerial photography were the only choices available to the coastal management
community. In a recent review, Cracknell (1999) attributes the lack of use of
current satellite-borne sensors in estuarine ecosystems to limited spatial and
temporal resolution. Better spatial resolution and control over acquisition times
can presently be achieved using airborne photography, but subsequent analysis
and incorporation of aerial photographs into a spatial dataset can be problematic.
In the Pacific Northwest, remote sensing has been used to identify and assess
estuarine features. For example, Landsat-TM imagery, acquired in the late
1970s, formed the basis for the estuarine habitat maps that are currently used by
planning agencies in Oregon (Cortright et al. 1987). However, these data can
only be used to describe coarse classes of estuarine habitat types and other than
gross changes in the areal extent of these habitat types, many changes remain
undetected. Furthermore, fine-scale estuarine features (i.e., tidal channels,
discrete patches and corridors) and anthropogenic modifications (e.g., dikes),
important in estuarine restoration, are typically undetectable using 10-m
Landsat-TM imagery. Factors other than spatial resolution limit the use of
satellite in coastal ecosystems. Control over the image acquisition time is
necessary to capture images of many inter- and subtidal estuarine features and
return intervals (days to weeks) of space-borne satellites limit satellite image use
in estuarine mapping projects. Imaging systems mounted in aircraft overcome
the problems associated with satellite imagery by allowing control over data
acquisition times.
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The tradeoff for controlling image acquisition, however, comes at a price. High
spatial resolution images collected by aircraft-borne systems typically have a
small footprint; therefore, many separate images are frequently necessary to
cover larger study areas. To be useful in a geographic information system (GIS)
decision support system, photographs must be converted to digital format.
Photographs must be interpreted and vegetation polygons delineated. The
accuracy of the interpreted photograph depends, to a large degree, on the
somewhat subjective skills of the photointerpreter. Nonetheless, aircraft-borne
photographs and multispectral images have been successfully used to map
estuarine features in the Pacific Northwest. Aerial color infrared (CIR)
photography has been used to map inter- and subtidal vegetation Yaquina Bay,
OR. Spatial error associated with CIR photography collected by US EPA in
Yaquina Bay was estimated to be about 10 m and photointerpretation /
classification permitted discrimination between two species of eelgrass (D.
Young personal communication, 2000).
Unlike photography, small portable airborne digital sensors capture information
directly to a digital medium. Digital images are information rich because they
measure reflected radiation in discrete channels or bands. Data from each
digital image band can be subjected to sophisticated data analysis using imageprocessing software to produce classified images. While still requiring skilled
image processors, digital image analysis can be performed more objectively than
photographic interpretation. These images must be merged and brought into
spectral conformity before they are used and merging images can introduce error
due to subtle differences in the attitude of the aircraft and atmospheric qualities
between successive images. Digital sensors integrate reflected radiation from all
plant parts (i.e., stems, branches, leaves, etc.) and the substrate that is visible to
the sensor (Blackburn 1998).
Therefore, changes in plant community
composition and in plant architecture are integrated by sensors over 1m2 and
greater areas. A multispectral scanner (MSS) was used to map vegetation in
Willapa Bay, WA. While it was possible to discriminate among estuarine plant
communities to produce a map, the imagery was not successful geocorrected. In
this case, some mapped estuarine features as much as 50 to 100 m from realworld coordinates (L. Lackey personal communication, 2000). Strittholt and
Frost (1995) used another type of airborne sensor, a 3-band (350 nm – 1100 nm)
airborne MSS sensor, to map eelgrass in Tillamook Bay, OR. They collected
181 MSS, 1-m resolution images of intertidal and shallow subtidal habitats
during the summer low tide series. While the Tillamook Bay imagery was
spatially accurate, the spectral resolution of the data made it nearly impossible to
discriminate between the native and exotic eelgrasses (Zostera marina and Z.
japonica, respectively) and between eelgrass and marine algae.
Here we report on a project that uses a Compact Airborne Spectrographic
Imager (CASI) sensor to collect hyperspectral images of intertidal and shallow
subtidal habitats in Hood Canal, WA. The goals of this study were to determine:
(1) if it was feasible to digitally map estuarine features at a 1-2 m2 spatial scale;
(2) if there was a relationship between the eelgrass landscape along shorelines of
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differing levels of anthropogenic modification; and (3) if hyperspectral data
could be used to discriminate between similar, but complex plant communities
which differ in proportions of dominant plant species.
Methods
Image Acquisition
We acquired digital radiometric information from 23 flight lines along the
shoreline of Hood Canal on 12 July 1999 using a Compact Airborne
Spectrographic Imager (CASI), developed by Itres Research, Ltd., and operated
by Hyperspectral Data International, Inc. (HDI; http://www.hdi.ns.ca). CASI is
a two-dimensional, charge couple device (CCD) array-based pushbroom
imaging spectrograph, and is equipped with a downwelling incident light sensor.
CASI was operated in the spatial mode acquired data in 21 non-overlapping
spectral bands (Table 1). We mounted the CASI sensor in a DeHavilland Beaver
equipped with a factory-installed camera port. Digital images were collected by
following the shoreline at an altitude of 1143 m AGL at approximately 176-183
km hr-1. At an average of 1.5-m (1.53 m across track, 1.46 m along track)
spatial resolution, the flightline swaths were 768 m (512 pixels) wide.
CASI data were initially geocorrected
using attitude data collected with an
onboard Global Positioning System
(GPS) unit. This resulted in images
corrected to ± 80-100 m. In order to
improve spatial accuracy for selected
flightline images, 15-25 precise
geographic
control
points
were
established using a Trimble® Pathfinder
real-time differential Global Positioning
System (GPS) at locations identifiable
from the imagery. These points were
used to geocorrect imagery using the
polynomial geometric correction routine
in ERDAS® Imagine Version 8.4
software. This resulted in RMS error
ranging from 5.1 (~7.7-m) to 11.5
(~17.3-m) pixels for the flightlines
analyzed.
Field teams surveyed the percent cover
of emergent other intertidal vegetation
and substrate types at training sites on
11-13 July and again on 10 August.
The training sites were selected in large,
relatively monotypic patches of
estuarine
vegetation
representing
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Table 1. Spectral channel settings for
CASI sensor.
Channel
Wavelength (nm)
1
430-460
2
530-545
3
545-560
4
575-590
5
600-615
6
640-650
7
650-660
8
660-670
9
670-680
10
680-690
11
690-700
12
700-710
13
710-719
14
725-735
15
740-755
16
765-775
17
770-780
18
780-800
19
800-830
20
830-860
21
860-890

brackish, high and low marsh assemblages, and eelgrass at five locations around
southern Hood Canal. Similarly, we collected additional vegetation cover data
on 10 August at six locations, wherein percent cover was estimated visually
from 20 randomly-selected 1-m2 quadrats from within a 10-m x 10-m sampling
grid. GPS data were collected for each grid position.
Reflectance spectra were measured from selected estuarine plant species and
substrate types along the Hood Canal shoreline at the same time of airborne
image acquisition on 12 July 1999. We used a Photo Research, Inc.® PR-650
hand-held radiometer to record reflectance spectra from 380 to 780 nm in 8 nm
intervals. Five replicate measurements were made for each habitat strata under
the ambient light conditions.
Image Analysis
For our initial analysis, we selected two areas along Hood Canal, a shoreline
segment along the west side of Hood Canal and the Skokomish River delta, for
image analysis and to test the relationship between estuarine shoreline
modifications and landscape structure. As a demonstration of the feasibility in
delineating habitats at high spatial and spectral resolution, we selected four
flightlines along the shoreline of western Hood Canal (Eldon to Dosewallips
State Park) with differing levels of modification and geomorphology to compare
eelgrass distribution with an inventory and categorization of shoreline
modifications performed by Point No Point Treaty Council. For these four
flightlines we used a combination of unsupervised and supervised classification
on the corrected and georeferenced imagery using ERDAS Imagine Version
8.4 software. Before performing the supervised classification, we masked out
upland areas, which limited the spatial extent of the supervised classification to
the intertidal and water area. A two-step unsupervised process was used to
classify pixels. ISODATA, an iterative clustering process, was used to initially
extract spectral signatures (12 iterations, 95% convergence, 100 groups).
ISODATA maximizes the difference between pixel groups by calculating a
minimum Euclidean spectral distance whose means are refined during each
iteration. Subsequently, Maximum Likelihood (in ERDAS Imagine) was
used with the resulting signatures to group pixels, which shared similar
reflectance characteristics in all 21 hyperspectral bands. Using our training site
vegetation data, the spectral signatures extracted from the CASI imagery and our
knowledge and observations of eelgrass distribution in Hood Canal, we grouped
spectral classes (ca. 15-20) into an eelgrass (predominantly Z. marina) group.
In addition to eelgrass, we were also interested to learn if we could use
hyperspectral imagery to discriminate between one plant community type (salt
marsh) that has varying composition (different co-dominants). We selected a
subset of a single Skokomish River delta flightpath where we had collected
groundtruth data from two training sites. Estuarine plant species responsible for
80% of the vegetation cover are listed in Tables 2 A and B.
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Skokomish River
Delta
Training Site A
Species
Jaumea carnosa
Plantago marina
Salicornia virginica
Cuscuta salina
Distichlis spicata
Triglochin maritimus
Glaux maritima

% cover Cum %
37.8
37.
16.6
54.
7.3
61.
6.1
67.
6.1
73.
5.3
79.
3.0
82.

We used ERDAS Imagine
to create signature files for
each 5 X 5 m sample grid.
This resulted in eight
signatures generated from 21
hyperspectral
bands.
In
general, each signature was
created from 9 to 16 pixels
contained in the 5 X 5 m grid.
Based on our experience in
geocorrecting the CASI data,
this would be the smallest
sized training site that can be
used to classify these data.

Using the extracted signatures, we performed a
supervised classification with
Training Site B
a parallelepiped decision rule.
Species
% cover Cum %
Juncus balticus
38.5
38. Parallelepiped classification
Distichlis spicata
32.8
71. is a process that very
Triglochin maritimus
21.4
92. specifically classifies each
pixel based on the portion
from each band bounded by
Tables 2 A and B. Dominant estuarine
the minimum and maximum
plants from each of two training sites On
reflectance values. Therethe Skokomish River delta. Shown are
fore, each signature is a 21species responsible for 80% of the
dimensional address. Paracumulative cover at each site.
llelepiped is a conservative
classification method in that
it does not include peripheral (closely classified) pixels. Pixels that could be
assigned to one or more classes due to signature overlap were assigned
according to the order of the signatures as listed. We set the unclassified rule to
be equal to 0, which resulted in a classification category for pixels that did not
meet the strict criteria for any of the eight signatures (the majority of pixels).
Landscape Structure Analysis
We created sampling blocks from the classified imagery which we could then
relate to the independent GIS data on shoreline modifications. All habitat
classes except eelgrass were set to a background value and the image file was
exported to a GRID file. We divided the shoreline into a series of contiguous
sampling blocks. Blocks were manually fit to a line running through the center
of the eelgrass patches and then buffered 30 m on each side. We then manually
oriented each sampling block so that its sides were perpendicular to the
shoreline that was immediately landward (as compared to the oblique angles that
were involved when the sampling blocks were aligned N-S/E-W). We manually
587

adjusted each block to be of equal area and to contain exactly 50 m of shoreline.
We chose 50 m as the minimum sampling block (side) dimension because it
corresponded to the size of the smallest shoreline modifications but did not
produce an unreasonable number of blocks for analysis.
The landscape structure of the classified raster images was analyzed for each
block (separately) using the Patch Analyst extension to ArcView that is an
interface to FRAGSTATS (McGarigal and Marks 1995). Use of Patch Analyst
requires the ESRI Spatial Analysis extension.
Results and Discussion
An earlier description of our initial results, based entirely on unsupervised
classification, was presented in Simenstad et al. (in press a). Herein we present
our preliminary results and interpretations based on completed image analysis of
the four demonstration flight lines.
Geocorrection
Airborne scanner images, such as those produced by the CASI, are inherently
difficult to geocorrect because images are built one scan line at a time. Small
variations in the attitude of the aircraft can introduce spatial error. We found
that it was possible to collect hyperspectral imagery at a spatial resolution of 1.5
m2, where important estuarine features could be visualized. Moreover, we found
that with 15to 30 high-precision GPS ground control points per flightline, we
could refine spatial accuracy to 3.7 to 11.5 pixels (5.5 to 17.5 m). The spatial
resolution and accuracy of the CASI imagery make it well suited for estuarine
assessments.
Classification
We found that the combination of unsupervised and supervised classification
performed well in classifying single vegetation cover classes, such as the
eelgrass beds along the western shoreline, and for three to four vegetation cover
classes, such as the eelgrass, high marsh, low marsh, diked (pasture) vegetation
in the Skokomish River delta scenes. These were the cover classes for which
we collected training information. In future studies, we expect to collect more
training site information so that additional vegetation classes can be mapped.
In addition to unsupervised/ supervised classifications, we tried a supervised
only classification of the Skokomish River delta scenes to determine if the
hyperspectral data could be used to discriminate among similar plant
communities that differed in the proportion of dominant species (Tables 2 A and
B). We found that a supervised classification using eight spectral signatures
developed from 5 X 5 m training sites resulted in about 1% of the image being
classified. The high dimensionality of the hyperspectral data and the relatively
few number of pixels in the 5 X 5 m training sites generated spectral signatures
that were too constraining. Therefore, we combined the data from the eight
training sites to produce two 10 X 10 m training sites. This resulted in a slightly
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larger proportion of the image being classified (Fig. 1). Therefore, we conclude
that it is possible to use the hyperspectral data to distinguish between similar but
slightly different plant communities. The low proportion of classified pixels
was not satisfactory and we are currently investigating refinements to the
supervised classification approach to produce the best possible separation of the
high marsh cover types.

Figure 1. An example of a CASI hyperspectral image (bands 4, 3, 1). We performed a
supervised classification of a portion of a single flightline made along Skokomish River
delta. Two spectral signature files were generated from two 10 X 10 m vegetation
training sites (shown as black squares). This procedure classified about 2% of the pixels
in the image.

Relating Hyperspectral Image Data to Shoreline Modification GIS Data
We also performed a landscape characterization using the classified images from
the western flightlines.
We were interested to determine if shoreline
modifications were correlated with patterns in eelgrass bed distribution. One
unanticipated problem what we encountered was that the 1:24,000 GIS
representation of the shoreline modifications lacked sufficient detail to match up
with the high spatial accuracy of the hyperspectral imagery. Therefore, shoreline
features had to be transferred by hand to the hyperspectral image. Based on our
initial analysis of the subset of the Hood Canal shoreline, we did not see any
relationship among the number of eelgrass patches, mean patch size and edge
density and the relative presence of bulkheads, stairways, rail launches, and
aunch ramps. We did, however, find that eelgrass patch size and edge densities
were significantly greater (P < 0.05) in eelgrass blocks that contained docks and
piers. We are pursuing further the potential correspondence between estuarine
landscape structure and shoreline modifications by: (1) determining the actual
lineal distance or area involved with each shoreline modification, rather than
relative classes of modification; (2) examining spatial lags along shoreline drift
cells in effects of shoreline modifications on eelgrass; and (3) linking these data
to additional data on shoreline geomorphology. These results should be viewed
cautiously because only data from small section of the shoreline of Hood Canal
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were used in this analysis and because we have not fully explored the
correspondence between eelgrass landscape structure and shoreline
modifications.
In summary, we found that we were able to collect 21-band hyperspectral
imagery at 1.5 m spatial resolution and locate each pixel to within 7.7 to 17.3 m
of real-world coordinates. These characteristics make these data well suited for
estuarine assessment and monitoring. One of the unanticipated problems that
we encountered was that features from a shoreline inventory did not match up
with our imagery because the shoreline features were not mapped at high
enough spatial accuracy. One of the recommendations resulting from this study
is to use high spatial resolution images as a base map for future shoreline
inventories. In addition, we found that landscape metrics could be calculated
from classified imagery and that some of the landscape metrics were related to
shoreline features. We are currently examining additional landscape metrics and
the spatial scale at which to measure them. We also found that it was possible to
discriminate between very similar salt marsh plant communities using spectral
signatures developed from vegetation training sites. We recommend that
vegetation training sites be larger than 5 X 5 m to avoid developing spectral
signatures that are too constraining. One potential drawback to the use of
hyperspectral imagery for estuarine monitoring and assessment is the cost. As
with any new technology, we expect that hyperspectral image acquisition costs
will drop as technology advances. However, if we are able to assess estuarine
integrity using high spatial resolution hyperspectral imagery in ways that were
previously unavailable or unknown, can we afford not to?
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ABSTRACT

GIS AS A TOOL FOR WATERSHED ASSESSMENT: WORKING
TOWARD A DESKTOP DECISION SUPPORT SYSTEM
Laura Brophy, Green Point Consulting , Corvallis, OR
Ralph Garono, Earth Design Consultants, Inc, Corvallis, OR 97330
The use of GIS to store and analyze environmental data is becoming
widespread. In Oregon, GIS data are being used to guide efforts to assess,
restore, and protect coastal watersheds, with the goal (among others) of
improving anadromous salmonid habitat. To make sure that GIS analysis
produces useful results, GIS data must be critically reviewed to ensure they are
appropriate for the analysis proposed. We contracted with Oregon's MidCoast
Watersheds Council to conduct GIS-based watershed assessments and to
critically review GIS data. Review criteria included scale, spatial error, and data
documentation. The results of our critical review guided us in assessing coastal
watersheds across a 1,440 square mile region from the Salmon River to the
Yachats River, including a separate, more detailed assessment of one 5th field
watershed (Rock Creek, Siletz: 43 sq mi). We assembled a series of core data
layers at a scale of 1:24,000 or better, including land cover, roads, streams,
elevation, watershed boundaries, geology and soils. We then assessed watershed
conditions, using these base layers as a framework for analysis of landscapelevel, riparian and instream conditions. We focused on factors which affect
salmonids, including presence of large conifers, geomorphic stream channel
types (incorporating confinement and gradient), streambank erosion, stream
shading, instream structure, pool morphology, stream substrate, road densities,
road/stream intersections, slopes, roads on slopes, and rain-on-snow zones. Our
goal was to provide the Council with a user-friendly summary of conditions in
their watersheds, and solid, useful guidance for future watershed enhancement
and monitoring efforts.

Laura Brophy
Green Point Consulting
2625 NW Mulkey Avenue
Corvallis, OR 97330
fax: (541) 752-7671
telephone: (541) 752-7671
email: brophyl@peak.org
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A CLASSIFICATION SYSTEM TO CHARACTERIZE
MARINE AND ESTUARINE ECOSYSTEM AND HABITATS
Dail Brown, Rebecca J. Allee, and Thomas F. Hourigan
National Marine Fisheries Service

The Ecological Society of America and NOAA's Offices of Habitat
Conservation and Protected Resources sponsored a workshop to develop a
national marine and estuarine ecosystem classification system. Among the 22
people involved were scientists who had developed various regional
classification systems and managers from NOAA and other federal agencies
who might ultimately use this system for conservation and management. The
objectives were to: 1) review existing global and regional classification systems;
2) develop the framework of a national classification system; and 3) propose a
plan to expand the framework into a comprehensive classification system. A
full report of the workshop is in press (Allee 2000)
Although there has been progress in the development of marine classifications in
recent years, these have been either regionally focused (e.g., Pacific islands) or
restricted to specific habitats (e.g., wetlands; deep seafloor). Participants in the
workshop looked for commonalties across existing classification systems and
tried to link these using broad scale factors important to ecosystem structure and
function.
A consensus developed during the workshop that a classification system would
provide a useful common language for description of habitat and a framework
for interpretation of ecological function. However, all agreed that a system
currently did not exist that was both broad enough in scope and fine enough in
detail to be useful at the national level. Participants developed a classification
framework that blended global scale systems with regional systems to provide a
prototype classification system. The prototype system was descriptive and used
a combination of physical and biological information to classify "ecological
units" (eco-units) which serve as a representation of the biological community or
assemblage within a given habitat.
Why do we need a marine and estuarine ecosystem classification system?
Marine species and their habitats are increasingly impacted by development,
pollution, fishing and other human activities. Concern over loss of biological
diversity and ecosystem function has caused us to realize that the traditional
species-by-species approach to conservation and management can no longer
stand alone, and must be supplemented by efforts that consider whole
ecosystems and their natural communities. This has led to the implementation
of an "ecosystem approach" to conservation that generally includes ecosystem
classification and inventory and landscape ecology. Although the ecosystem
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approach has been widely used in terrestrial systems, there has been less effort
in marine and estuarine ecosystems.
Efforts to inventory and classify ecosystems and to construct habitat maps
require a classification system with common terminologies. Such efforts require
that people who construct habitat maps, resource managers, and scientists have a
common "language". A marine and estuarine ecosystem classification system
will enable natural resource managers to effectively and expeditiously identify
threatened or representative biological communities, and gaps in their coverage
(i.e., lack in conservation efforts to ensure protection), so these ecosystems can
be protected and conserved. The research community at large will also derive
significant benefits from a consistent classification framework within which to
synthesize information on the ecological characteristics of marine and estuarine
ecosystems.
The classification system should satisfy several basic needs:
1. Provide a consistent system covering all states, territories, commonwealths,
and other sovereign possessions of the United States - this will allow us to: a)
prepare an inclusive inventory, or census, of ecosystems at the local, regional,
and national levels; b) track changes in these ecosystems over time; and c)
ensure additivity that will allow classification to proceed to the finest level
accommodated by available data and still fit into an overall system.
2. Focus on the distinguishable natural community and its physical environment
- this would include both abiotic (e.g., geophysical or geomorphological
features) and biotic (e.g., live organisms structuring bottom cover)
characteristics. An ultimate goal of the classification system is to provide a tool
for conservation, and therefore it must include the biotic component.
3. Allow us to identify and map eco-types (coarse-level description of
biological community associated with physical variables) - this map of eco-types
would serve as a primary GIS "base layer" on top of which could be placed
overlays of fishery and protected species distributions and the quality, condition
and health of the ecosystem based on its biological attributes.
4. Accommodate limited data and available technology - information may
initially have to be aggregated at a general level of the hierarchy, particularly for
deeper water and pelagic ecosystems; mapping will be limited to what
technology allows us to see or interpret. For example, we cannot identify coral
species from airborne remote sensing. In the absence of species data from the
field, a more generic term such as coral is the best we can do.
5. Provide the basis for developing functional links between underlying
mechanisms structuring the ecosystem and the described biological community.
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In doing so, this classification system should provide:
A framework for interpretation of ecological function
A consistent terminology, including a glossary of terms
Relationship to Other Classification Efforts
This effort looked for commonalities in regional schemes and tried to link these
with broad-scale forcing functions. Allee (in review) prepared a synthesis that
compared and contrasted similarities and differences of existing classification
systems. Cowardin et al. (1979) produced the only national classification effort
to include major marine habitats. However, the scale of their system did not
provide a useful basis for conservation decisions. Other systems have
concentrated on broad biogeographic approaches (e.g., Hayden and Ray 1984)
and there has been progress in the development of marine ecosystem
classification in recent years at regional scales (e.g., Pacific islands, Holthus and
Maragos 1995, State of Washington, Dethier 1992), or restricted to specific
lifeforms (e.g., wetlands, Cowardin et al. 1979). However, of the systems
reviewed, none were inclusive of all marine habitats found in U.S. waters. Our
effort not only provides a classification approach for all marine and estuarine
ecosystem types, but is designed to interface with existing terrestrial (e.g.,
national vegetation classification system, FGDC 1997 ) and freshwater systems
(The Nature Conservancy 1996).
The Proposed U.S. Marine and Estuarine Ecosystem Classification System
Our goal was to develop a classification system that describes the spatial
heterogeneity of marine and estuarine landscapes and is logically linked to
underlying mechanisms structuring the ecosystem and biotic communities. This
system should be broadly applicable and consistent, with categories that are
mutually exclusive and additive (i.e., accommodating to additions resulting from
new technology and information on ecosystems).
This system should
incorporate primary environmental variables and have modifiers that allow a
general description to become incrementally more specific, so that eventually
these variables describe the abiotic portion of a biotic community. This system
represents a combination of expert knowledge and a consensus-based approach
at the higher levels, and an empirical data-based approach at the lower levels.
The draft classification system is a blend of theoretical and pragmatic, and
physical and biotic structuring variables. At the lowest level (eco-unit) of the
system, we incorporate biotic features, highlighting the dependence of
ecosystems on biological processes and interactions. An eco-unit is the smallest
element of the ecosystem as a whole and it represents the biological community
or assemblage that is the product of the physical and biotic variables above it.
For example, a mudflat with seagrass is a very different ecosystem for
organisms than a mudflat without. More importantly, however, the eco-unit is
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the closest approximation to the biotic community, the ultimate conservation
target. The classification system is structured to allow aggregation at different
levels depending on the amount of data available on an ecosystem. Aggregating
at higher levels results in more general information. However, as more specific
information becomes available, more specific categorization can occur. This
was necessary because the amount of information available on many ecosystems
is limited. To accommodate this practical need, the position in the system of
some of the variables is somewhat arbitrary and is based on the probability of
the information being available. For example, although sediment type is an
important structuring variable in the benthos, it is often not known until late in
the identification process. We often know that a site is an "intertidal flat" before
we know if it is a mud or sand flat. Thus we have a general eco-type, intertidal
flat, which can be further classified as a mud or sand flat as this information
becomes available.
The resulting classification system consists of 13 descriptive levels:
1. Life Zone –
1a. Temperate
1b. Tropical
1c. Polar
2. Water/Land
2a. Terrestrial
2b. Water
3. Marine/Freshwater
3a. Marine/Estuarine
3b. Freshwater
4. Continental/Non-Continental
4a. Continental
4b. Non-Continental
5. Bottom/Water Column
5a. Bottom (Benthic)
5b. Water Column
6. Shelf, Slope, Abyssal
6a. Shallow – on or over the continental shelf; <200m
6b. Medium – on or over the continental slope; 200 - 1000m
6c. Deep – on or over the rise and deeper features; >1000m
7. Regional Wave/Wind Energy
7a. Exposed/Open – open to full oceanic wave or wind energies
7b. Protected/Bounded – protected from full wave/wind energies
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8. Hydrogeomorphic or Earthform Features
8a. Continental - Nearshore (surfzone); Inshore (rest of shelf);
Straight or partially enclosed shorelines; Lagoons; Fjords;
Embayments; Estuaries - Shore zone; Off shore zone; Delta;
Carbonate settings; Outer continental shelf; Upper continental
slope; Upper submarine canyon
8b. Non-Continental - Island (Volcanic; Low); Atoll; Submerged reef
types
9. Hydrodynamic Features
9a. Supratidal – above high tides
9b. Intertidal – extreme high to extreme low water
9c. Subtidal – below extreme low water
9d. Circulation features – e.g., eddies
10. Photic/Aphotic
10a. Photic
10b. Aphotic
11. Geomorphic Types or Topography - Cliff; Bench; Flat; Reef flat; Spur-andGroove; Sand bar; Crevice; Slump; Rockfall; Terrace; Ledge;
Overhang; Steeply sloping; Riverine; Fringe; Inland; Beach face;
Dunes
12. Substratum and Eco-type
12a.
Substratum (Not limited to this list) - Cobble; Pebble; Sand;
Silt; Mud; Bedrock; Peat; Carbonate; Boulder; Biogenic;
Organic; Anthropogenic
12b.
Eco-type (Not limited to this list) - Coastal; Soft bottom; Hard
bottom; Water column; Beach; Mangrove; Wetland; Seagrass
bed; Coral reef; Kelp bed; Mud flat
13. Local Modifiers and Eco-unit
13a.
Modifiers (Not limited to this list) - Temperature; Local
energy regimes – waves, tides, current; Salinity; Nutrients;
Alkalinity; Roughness/relief; Dynamism; Edge effects – from
adjacent areas; Anthropogenic disturbances; Biological
interactions; Extreme events – history
13b.
Eco-units - Unlimited representation of species resulting from
modifiers applied at the above hierarchical levels.
While ecological units (eco-units) are the elements at the lowest level of this
classification, they are considered parallel to local modifiers at level 13. They
are a practical construct to allow categorization of sites at the level appropriate
to the application and describe the individual biotic community. Eco-units may
provide the most useful level of detail for most applications, particularly when
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the goal is conservation or understanding of biological diversity or ecosystem
patterns or processes. Eco-unit in this proposed system is distinguished by the
combination of environmental factors, modifiers, and its dominant or
characteristic benthic or water column species, both plant and animal. If no one
species is dominant, then the habitat is simply described by its detailed physical
variables. This is consistent with the use of "ecological unit" by Holthus and
Maragos (1995), but differs from the term "eco-unit" used by Zacharias et al.
(1998) which referred only to physical characteristics of an area. This also
differs from the common approach in terrestrial classification systems that tend
to use a combination of geology and vegetation, but not animals, to define
ecological units. In many marine systems, animals can be as important as plants
in structuring habitats and are sometimes the most conspicuous life forms (e.g.,
coral or oyster reefs). In addition, animals are often the focus of conservation or
exploitation and their distribution and abundance is not always easily predicted
on the basis of plant species (Conroy et al. 1996). We recommend that
classification activities try to reach the eco-unit level when possible.
Conclusion
Development of a consistent, descriptive ecosystem and habitat classification
system will provide a powerful tool for resource managers. This system meets
the general needs of resource managers that result from limited data while also
meeting specific needs necessary for conservation of ecosystem biodiversity.
We have already begun verification of the system for various habitat types and
these efforts have proven useful in identifying areas within this proposed system
that will require further refinement. We intend to continue this verification
process following release of this system as necessary to gain buy-in from the
research community, resource managers, and decision makers.
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ASSESSING THE UTILITY OF MULTISPECTRAL REMOTE SENSING FOR
HABITAT MANAGEMENT: LESSONS LEARNED FROM HIGH
RESOLUTION NEARSHORE VEGETATION MAPPING IN WASHINGTON
STATE
Helen Berry & Rebecca Ritter,
Washington State Department of Natural Resources
Introduction
A centerpiece of restoring and protecting coastal ecosystems lies in determining
how best to inventory resources and monitor trends. Multispectral remote sensing
is often considered for mapping vegetation and other habitat characteristics
because it provides a synoptic snapshot that can be classified according to spectral
properties. Remote sensing technologies has been applied extensively in forested
and agricultural environments. However, the coastal fringe poses a unique set of
environmental and technical considerations.
Environmental considerations such as tidal height, cloud cover and vegetation
patch size often limit the utility of conventional satellite-based sensors such as
LANDSAT TM and SPOT. Additionally, satellite sensor bandsets are not optimized
for differentiating marine vegetation. In contrast, airborne sensors can capture high
resolution data at times of low tide and minimal cloud cover. The Compact Airborne
Spectrographic Imager (CASI) sensor has been identified through marine mapping
projects as a preferred method for marine vegetation census (e.g., Mumby et al.
1997). CASI can be deployed from a small plane, and its bandset can be
programmed to differentiate features of interest. It has been used primarily in small
study areas. While many studies differentiate vegetation types, other research
suggests that it is difficult to consistently distinguish the spectra of different
species.
This project reviewed research to date and identified the optimal multispectral
methods for mapping marine vegetation over hundreds of miles in a temperate
environment. We then applied the methods to map shoreline vegetation in Puget
Sound. In contrast to previous research, this project focused on management
applications of multispectral remote sensing. It tested the ability of the methods to
produce an inventory of multiple vegetation types over a large area.
Methods
The Nearshore Habitat Group used CASI sensor data to classify 340 miles of
shoreline vegetation during two successive inventory projects in 1995 and 1996.
This paper summarizes methods and results for the 1996 data set. For a full
discussion of methods and results, see Berry & Ritter (1997) and Ritter and Berry
(1999).
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Classification Categories
Eight nearshore vegetation types were identified for multispectral classification:
eelgrass, brown algae, kelp, green algae, mixed algae, salt marsh, spit and berm
vegetation, and red algae. These vegetation types encompass most common
macroscopic vegetation found along Puget Sound’s shorelines. The vegetation
types were selected largely by spectral discrimination considerations (Aitken et al.,
February 1995).
Resource management priorities led to the selection of some vegetation classes
despite discrimination difficulties (e.g., Washington Administrative Code (WAC)
220-110-250; WAC 365-190-080; DNR POL-0300; Wyllie-Echeverria et al., 1994).
Kelp and other brown algae have similar dominant pigments and often a similar
spectral signature. However, the inventory needed to differentiate kelp from other
brown algae because of its recognized ecological function (e.g., Dayton, 1985;
Wheeler, 1990). Although both green algae and eelgrass contain chlorophyll a and
b and have a similar spectral profile, the functional importance of eelgrass habitat
required that they be differentiated (e.g., Phillips, 1984). Green algae can be an
indicator of other processes such as eutrophication. Salt marsh and spit or berm
communities are often narrow and obscured by overhanging vegetation, making
discrimination difficult. Despite spectral and spatial discrimination challenges, the
salt marsh, and spit or berm categories were included due to the recognized
functional importance of wetlands (e.g., Seliskar & Gallager, 1983), and because
habitats at the land-water interface tend to be impacted highly by development.
Field Data Collection
Field data were collected for two purposes: (1) to guide the image classification
process, or (2) to assess classification accuracy. Field data were collected
throughout the study area when tides were below +1.0 mean lower low water
(MLLW), between June and September in 1996 and 1997. The minimum mapping unit
(MMU) was approximately 13 feet (4 meters).
Field data were collected by boat or on foot. Field sites that had a total vegetation
cover greater than 25 percent were recorded as vegetated sites. Vegetation class
assignments were based on the dominant vegetation category at a site, i.e., the
vegetation class comprising 75 percent or more of the vegetated area. Information
on vegetated sites were located by either differentially corrected Global Position
System, or annotated aerial photographs with transparent overlays. Sites were
represented as points, lines, or polygons depending on patch shape and location.
Imagery Acquisition
Digital CASI imagery and simultaneously collected color infrared photography (at
1:11,000 scale) were acquired by Borstad Associates. The instrument was operating
in spatial mode, programmed with a custom, 11-channel bandset optimized to
differentiate nearshore temperate vegetation (Borstad, 1996).
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The CASI system was mounted in a Cessna T210 aircraft. All flight lines were flown
at a 10,800' altitude, from south to north, with 50% sidelap between adjacent flight
lines. Flying in a consistent direction reduced radiometric discrepancies due to sun
angle and sensor viewing angle. Image acquisition dates were selected based on
maximum intertidal exposure (minus 1.0 foot mean lower low water or below), and
times when sun angle would reduce sun-glint. Imagery was acquired at an
approximately 169 square feet (16 square meters) spatial resolution on July 14, 15,
and 30, 1996 during low tides.
Image Processing and Analysis
Imagery was adjusted to surface radiance by applying an atmosphere correction,
corrected for roll, pitch and yaw and projected into geographic coordinates using
differential global positioning system (DGPS) data to yield 169 square feet (16
square meters) pixels (Borstad, 1997). The resulting imagery was warped to fit DNR's
orthophotos and coastline vectors. The rectified flight lines were mosaicked into
eight, non-overlapping blocks, requiring 1174.1 MB of disk space.
The imagery was classified using Imagine 8.3 software (ERDAS, Inc., Atlanta, GA)
on a Sun workstation (Sun Microsystems, Inc., Mountain View, CA). Classified files
were produced using an iterative, hybrid approach to classification, combining
unsupervised and supervised methods. The supervised processing relied on the
field data (e.g., DGPS-located sites and annotated photography) to develop training
signature sets.
Classification Accuracy Assessment
Classification accuracy was assessed by comparing the classified image to a set of
field sites (reference data) that had not been available to the image analysts during
classification. Approximately one-third of all field sites were assigned as reference
data for accuracy assessment. Reference data were chosen so they were a
representative subset of all field sites, spread throughout the study area. Because
assessment sites included line and polygon features composed of multiple pixels,
establishing 'correctness' was not always a ‘all or none’ decision. Sites that were
34%-66% correctly classified received partial credit.
Generalization & Conversion
The classified raster image was converted to vector format to facilitate use in
ArcView. Data generalization was used to reduce the number of features and
vertices in the coverage to a manageable number. The objective of the generalization
was to simplify the coverage while maintaining the salient characteristics of
vegetation features at an appropriate scale. A series of evaluation criteria were
applied to significantly decrease the number of features and vertices, while
minimizing associated changes in total acreage and in the visual appearance of the
data.
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Results and Discussion
A total of 230 miles of shoreline were mapped in 1996.The imagery was rectified to
within +/-3 pixels (approximately 40 feet) in most parts of the imagery. Eelgrass was
the most common type of vegetation by acreage. The majority of eelgrass is found
in two extensive shallow embayments, Padilla Bay and Samish Bay. Green algae was
the second most common vegetation type, followed by salt marsh, brown algae,
kelp, spit or berm vegetation, and red algae.
Classification Accuracy
Overall accuracy for the classified image was 86.4%. Classification accuracy for each
land cover type was analyzed using producers and user’s accuracy estimates (Table
1). Producer's accuracy is the probability of a reference site being correctly
classified, i.e., a measure of omission error. It is the number of sites correctly
classified as a land cover divided by the total number of reference sites for that land
cover. User's accuracy indicates reliability, or the probability that a site classified on
the image is really that land cover type on the ground. It is the number of sites
correctly classified as a land cover divided by the total number of sites classified in
that category (Congalton, 1991).
Table 1. Producer's and User's Classification Accuracy Percentages by Land Cover Type for the
Skagit County Study Area.

Classification Accuracy
Land Cover
brown algae
green algae
kelp
mixed algae
eelgrass
salt marsh
spit or berm
unvegetated

Producer's %
78
75
96
83
84
96
74
100

User's %
87
87
95
79
91
94
99
72

Accuracy rates for individual vegetation types are encouraging with respect to
prospective data set uses. Eelgrass, kelp and salt marsh vegetation, which are
important to land-use related decision making, had generally high accuracy rates.
For most of the vegetation types, the User's Accuracy was higher than the
Producer's Accuracy, pointing to a trend of omitting a vegetation feature from the
classification (an omission error), rather than confusing it with something else (a
commission error). Multiple factors may have contributed to the pattern of higher
omission error. The analyst’s training signatures used in the statistically-based
classifier may not have represented the population. The percent cover threshold for
a vegetated site (25 percent or greater) may have been too low at the lower limit for
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consistent detection. Temporal changes in vegetation could have occurred between
the time at which the field data were collected and the time at which the multispectral
imagery was collected.
Some accuracy rates reflect weaknesses in the methodology with respect to specific
land cover types. Unvegetated areas had the highest Producer’s Accuracy and the
lowest User’s Accuracy rates. We attributed the high Producer’s Accuracy to the
capability of the method to correctly identify the completely unvegetated field sites.
The low User’s Accuracy rate results from the frequent classification of portions of
vegetated field sites that are transitional or have low densities of vegetation as
unvegetated.
Spit or berm vegetation had the highest User’s Accuracy and the lowest Producer’s
Accuracy rates. This vegetation type was most often incorrectly classified as
unvegetated, and also mis-classified as other various vegetation types. This result
reflects the inherent weakness of current methods to detect spit or berm vegetation.
Spit or berm vegetation is commonly a narrow linear feature with low vegetative
density, and often obscured by overhanging vegetation. Other vegetation types
were rarely classified as spit or berm vegetation, leading to a high user’s accuracy.
Mixed algae had relatively low Producer’s and User’s Accuracy rates. Confusion
between mixed algae and other vegetation types was expected, given that mixed
algae is a combination of multiple vegetation types. Misclassification could have
been due to differences in the relative contribution of vegetation types to the overall
spectral signature or to temporal changes in species composition. Despite these
discrimination difficulties, the mixed algae category is important to describe the
common phenomenon of varying species composition in a manner that keeps the
number of classification categories tractable.
Green algae had a low Producer’s Accuracy rate. We attribute this to the relatively
ephemeral character of green algae in comparison to the other vegetation types.
Green algae commonly grows intermixed with eelgrass, in these cases the areas were
classified as eelgrass because eelgrass is the more persistent vegetation and is
protected by regulation.
Salt marsh and spit and berm vegetation communities are separable from the
macroalgae and eelgrass mainly because they contain emergent vegetation and the
spectral signatures more closely resemble terrestrial vegetation (Aitken et al., June
1995). Intertidal zonation is another important spatial cue, since these vegetation
types occur in the upper intertidal and supratidal zones. To differentiate salt marsh
and spit and berm communities from other terrestrial vegetation, the upland areas
of non-interest were masked.
Detecting submerged vegetation was difficult. Spectral discrimination of submerged
vegetation is influenced by a number of environmental conditions such as, water
depth, surface roughness, water clarity and bottom type. Water attenuates the
spectral response of submerged features. The longer wavelengths, e.g., near
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infrared, are absorbed in a few tenths of a meter of water (Lillesand and Kiefer, 1994).
The water clarity and surface conditions of Puget Sound further hampers
identification. Although the submerged feature is apparently vegetation, the
vegetation type is not evident.
Field Data
Approximately 1,500 field data sites were collected during 30 days of field work. We
found the photo annotation to be the preferred method because it was the most
rapid to collect, and it was robust to positional accuracy issues in the imagery.
Some field sites had to be disqualified because they did not meet the minimum
mapping unit, the vegetation was obscurred, or seasonal changes in vegetation type
were possible given the date of field data collection.
Data Generalization and Conversion
A variety of data generalization techniques were evaluated. After considering the
impacts of different alternatives on total acreage and on visual appearance, features
with an area fewer than four pixels (approximately 680 square feet) were eliminated.
The elimination changed the total area by less than 5 percent, and decreased the
total number of features by 58%. In determining the size of features to eliminate, the
effect of elimination on visual appearance turned out to be more important than the
effect on total vegetation area because the size distribution of vegetation features
was weighted towards the small class sizes. While the generalization did not
significantly affect the areal extent of vegetation, it changed the frequency
distribution of size classes. As a result, the visual appearance of the coverage could
change markedly without a corresponding change in area. The narrow, linear
vegetation features were most affected by area elimination thresholds.
Conclusions
Our program completed the first large area temperate vegetation mapping project
that we know of using high resolution remote sensing methods. Through designing
an operational program, we learned much about the strengths and limitations of this
methodology in Northwest shoreline environments. Fundamental lessons include:
1. The research question needs to drive the selection of methods. We had two
questions: What is the abundance, distribution and character of vegetation types?;
and How are they changing over time? CASI was successful at answering the first
question. The multispectral data set provides highly detailed information on
resource abundance and distribution, higher than comparable photo-interpreted
inventories. It differentiated vegetation types in intertidal and shallow subtidal areas
with good patch detail. The total project costs impacted our use of the technology.
We have confined the use of multispectral technology to priority areas. For
synoptic mapping, we adopted less detailed, helicopter-based survey techniques.
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We concluded that multispectral data would be less successful at addressing our
second question, change detection, because many of our vegetation types of
interest extend into the subtidal zone beyond the water penetration capability of
CASI. We are using underwater technology to capture temporal trends in
vegetation beds that extend into the subtidal zone. While underwater remote
sensing methods capture the subtidal extent of beds, upper intertidal vegetation is
difficult to measure and total area covered may be smaller.
2. Integrated expertise is essential to program success. Environmental
considerations and technical complexities made it essential for marine scientists,
remote sensing specialists, and Geographic Information System (GIS) staff to work
together closely. This integrated group was able to evaluate the technical issues
and their ramifications on the project as a whole. We encountered technical issues
and made trade offs during each phase of the project.
3. Data distribution is important, and problematic. In order to streamline distribution,
data and supporting information were made available on CD-ROM in multiple digital
formats. Regardless, many potential users lacked the necessary equipment or
training. Distributing paper maps proved to be essential in order for many people
to be able to use the information in land use planning. We are now planning a Webbased map server, this technology may provide the optimal distribution method for
our program data to non-technical users.
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ABSTRACT

VICE OR VIRTUE? COASTAL ZONE PLANNING AND ITS
INTERFERENCE WITH FISHERIES AND MARICULTURE IN
NORTHERN NORWAY
Håkan T. Sandersen, Nordland Research Institute, Bodø, Norway

In 1989 a national legislative reform made way for a comprehensive ICZM
program in Norway, allowing communes and counties to develop management
plans for their own coastal waters. The legislation and the institutional structure
that was established seemed to fulfill most of the requirements inherent in the
goals provided by ICZM, in terms of integration and user-group participation.
Throughout the 1990's some conflicts arose with fisheries and fish farming
interests who claimed the planning put restrictions on the development of these
industries. In the mid 1990's the County Governors Environmental Departments
in the counties of Nordland and Troms launched comprehensive draft coastal
protection plans comprising areas of zoological, geological, and botanic
importance. In Nordland the plan caused both general public outcry and
criticism on the part of fishers and fish farmers, who claimed the plan would
reduce the industries access to suited fishing grounds and f! ish farming
locations. Due to the serious conflicts, particularly with fish farming, but also
with outdoor recreation interests, the coastal protection plan was stopped by the
Parliament. This paper discuss some aspects of how and to what extent
communal coastal zone planning, coastal protection planning and salmon
protection zones interfere with fishing and mariculture, using the experiences
from Northern Norway as the focal point.

Haakan T. Sandersen
Researcher
Nordland Research Institute
8049 Bodø
Norway 8049
telephone: +47-755-17608/600
fax: +47-755-17234
email: haakan.sandersen@hibo.no
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ENVIRONMENTAL GOVERNANCE IN WATERSHEDS:
THE IMPORTANCE OF COLLABORATION TO INSTITUTIONAL
PERFORMANCE
Mark T. Imperial, School of Public and Environmental Affairs,
Indiana University, Bloomington, IN 47405
Timothy M. Hennessey, Department of Political Science,
University of Rhode Island, Kingston, RI 02881

This paper summarizes the results of a study commissioned by the National
Academy of Public Administration as part of its Learning from Innovations in
Environmental Protection Project. Specifically, this study evaluated the
development and implementation of six watershed management efforts located
in the Delaware Inland Bays (DE), Narragansett Bay (RI, MA), Salt Ponds (RI),
Lake Tahoe (CA, NV), Tampa Bay (FL), and Tillamook Bay (OR) watersheds.
Each watershed differed in terms of its particular physical environment, the
nature and causes of problems, jurisdictional complexity, and their history of
watershed management efforts. Each watershed also had a specific government
program designed to “manage” the watershed:
§
§
§
§
§
§

Delaware Inland Bays Estuary Program (DIBEP)
Narragansett Bay Estuary Program (NBEP)
Salt Ponds Special Area Management Plan (SAMP)
Tahoe Regional Planning Agency (TRPA)
Tampa Bay Estuary Program (TBEP)
Tillamook Bay National Estuary Program (TBNEP)

Four programs are part of the Environmental Protection Agency’s (EPA’s)
National Estuary Program (i.e., Delaware Inland Bays, Narragansett Bay, Tampa
Bay, and Tillamook Bay), one is a federal-state compact (i.e., Lake Tahoe), and
one is a special area management Plan (SAMP) contained in a state’s federally
approved coastal zone management (CZM) program (i.e., Salt Ponds). Even
though four of the programs are part of the NEP, there are some major
differences in these efforts due to the nature of the problems, the mix of actors,
the rules governing decision-making, and the policy tools and implementation
structures used to improve environmental conditions.
Our analysis was guided by a perspective that differs somewhat from many
researchers, practitioners, and EPA officials. The usual tendency is to assume
that no watershed is “managed” without having some form of centralized
watershed program that gives heavy emphasis to science and the preparation of
detailed management plans using some sort of participatory planning process.
Our view is that every watershed is currently “managed” in some way by a wide
range of governmental and nongovernmental actors whose decisions influence
the health and integrity of ecological systems. Watershed management
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programs should therefore focus on getting this portfolio of actors and programs
to work together more effectively. Therefore, they should focus on building,
managing, and maintaining collaborative relationships necessary to facilitate the
direct (e.g., restoration projects, or infrastructure investment) and indirect (e.g.,
public education, changes in decision making, or new research) actions needed
to improve environmental conditions and enhance the governance of a
watershed. Viewed from this perspective, watershed management is a form of
intergovernmental management (IGM).
The unit of analysis was also broader than simply examining the development
and implementation of the six watershed management programs. Instead, it
reflects the inherently intergovernmental nature of complex environmental
problems such as nonpoint source (NPS) and habitat loss and degradation by
examining the individual and collective efforts of the pattern of federal, state,
and local government programs that “manage” each watershed, which we term a
watershed management effort. We examined the extent to which each
watershed management program improved the capacity of this collection of
actors to address environmental problems and whether they stimulated direct
and indirect actions that offered some promise of environmental improvements
or other forms of public value. The complexity of the governance arrangements
and the implementation efforts in each watershed required preparing detailed
case studies that focused on the:
§ Nature of the ecological system and the problems confronting
practitioners
§ History of previous watershed planning efforts
§ Institutional framework of programs that address problems due to NPS
and habitat and loss and degradation
§ Planning process used to develop the management plan or regulatory
program
§ Implementation structure used to oversee the program’s implementation
§ Progress made to improve the governance of the watershed
The watershed management efforts were then assessed using the following
criteria developed by the Academy to identify the factors that influenced their
effectiveness.
Essentially, we evaluated whether the planning and
implementation activities of the six watershed management programs led to
improvements in environmental conditions, enhanced the governance of a
watershed, or added public value in other ways. However, we were also
interested in whether the watershed management programs served as a catalyst
for other state and local government actions that provided public benefits.
Strategies for Achieving Environmental Improvements
The watershed management efforts utilized a variety of strategies to improve
environmental conditions. All six watershed management efforts utilized some
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form of participatory planning with varying degrees of success. The other
dominant strategy was collaboration. The analysis revealed a wide range of
collaborative activities at the operational, policy-making, and institutional level
and many of the notable accomplishments of each watershed management effort
were the direct result of this collaborative activity [Table 1]. The importance of
participatory planning and collaboration is likely due to the inherently
intergovernmental in nature of problems such as NPS and habitat loss and
degradation. Numerous programs located at different levels of government
address these problems. Accordingly, the participatory planning efforts often
focused on developing a common understanding of environmental problems,
formulating shared priorities and common policies, and identifying appropriate
implementation actions. The planning efforts then served as the catalyst for a
series of implementation activities that included direct and indirect actions. The
activities were undertaken either by individual agencies or consisted of
collaboration between different governmental and nongovernmental
organizations.
Another dominant strategy was enhancing the capacity of state and local
institutions and each program achieved some success in this area. Four efforts
developed new collaborative organizations. The collaborative organizations
undertook their own implementation activities, improved the capacity for
collaboration, and monitored implementation activities. They also provided
institutional infrastructure that future watershed efforts could build upon. For
example, Delaware Inland Bays developed a new nonprofit organization, the
Center for the Inland Bays (CIB). Lake Tahoe created the Tahoe Regional
Planning Agency (TRPA) and planning and implementation activities were the
catalyst for the development of other nongovernmental organizations (NGOs).
Tampa Bay created an independent alliance of government agencies known as
the Tampa Bay Estuary Program (TBEP). Tillamook Bay developed the
Tillamook County Performance Partnership (TCPP). The Salt Ponds did not
create a new collaborative organization. But rather, it developed a shared set of
state and local zoning policies and helped develop capacity in state and local
institutions. Narragansett Bay did not develop a collaborative organization but it
did establish a new program in the state water quality agency that improved its
capacity for planning, collaboration, and implementation.
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Table 1: Different Types of Collaborative Activities

Type of Collaboration

Operational Level
§ Restoration projects/BMPs
§ Hiring staff to work in
another actor’s office
§ Develop/distribute
educational materials
§ Training of local officials
§ Scientific/Technical
research/guidance
§ Actor collecting information
for another actor
§ Participating in other
collaborative processes
§ Collaborating on joint grant
proposals
§ One actor issues another’s
permits
§ One actor helps enforce
another’s regulations
§ Regulator and actor
collaborate to achieve
environmental
improvements
Policy-Making Level
§ Identify priority sites for
restoration/BMPs
§ Identify priority sites for
infrastructure
§ Adopt shared goals
§ Adopt shared policies
§ Memorandums of
Understanding (MOUs)
§ Data collection/distribution
(e.g., monitoring)
§ Report on joint
implementation activities
§ Create a forum to discus
technical issues

DI
B

NBE
P

X

X

SA
MP

X

X

TBN
EP

TRP
A

X

X
X

Xa
X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

TBE
P

X

X

X

X

X

X

Xa

X

X

X

X

X
X

X
X

X
X

X

Xa

X

X

Xa

X

X
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X

X
X
X

X
X

Table 1: Different Types of
Collaborative Activities
Type of Collaboration
§ Collaborative permit review
process
§ Frequent meetings to share
information and coordinate
activities
Institutional/Capacity Building
Level
§ Create nonprofit
organization
§ Create intergovernmental
organization
§ Create federal-state compact
§ Develop shared regulations
(e.g., zoning)
§ Incorporating collective
choice policies into other
constitutional level rules

DI
B

NBE
P

SA
MP
X

X

TBE
P

TBN
EP

X

X

X

X

TRP
A

X

X
X

X
X

X

X

X

X = undertaken; Xa = Planned;
Improving Environmental Conditions
Our analysis also examined the extent to which each watershed management
effort improved environmental conditions or served as the catalyst for other
direct and indirect activities that had some potential to improve environmental
conditions or add public value. It proved difficult to make these determinations
because of the absence of good data on environmental conditions and
implementation activities. There were also methodological problems associated
with linking changes in environmental conditions to specific programs or
implementation activities. Therefore, much of the analysis focused on the
activities that offered the potential for improving environmental conditions or
adding other forms of public value. The analysis concluded that each watershed
management effort experienced some notable accomplishments, which included
direct and indirect activities that were regulatory and nonregulatory in nature
[Table 2]. These activities included regulation, installation of best management
practices (BMPs), habitat restoration and protection, planning, infrastructure
investment, and scientific research. The particular pattern of activity varied
based on the configuration of problems and institutions in each watershed. The
analysis concluded that regulations helped to minimize and control future
problems from NPS and habitat loss and degradation. But the power of
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regulation to stimulate restoration activities was somewhat limited when
environmental conditions had already deteriorated badly. This was one reason
that the efforts relied on a wide range of non-regulatory activities such as
investment in infrastructure (e.g., sewers, BMPs, etc.), habitat restoration,
education, and planning (e.g., land use, water quality, water use, etc.).
Findings and Recommendations
Our analysis produced a set of findings that were loosely organized around the
four basic stages of the planning process that had a prominent role in each
watershed management effort. However, this should not imply that the
watershed management efforts followed a linear sequential process. The
planning activities were iterative in nature and implementation efforts often
began well before a “plan” was completed. In some cases, participatory
planning was even an implementation activity. In other cases, implementation
activities were loosely related to the recommendations in a management plan,
although the planning effort may have been the catalyst for the actions.
Problem Definition: The Ecology of Governance
The first group of findings concerned the definition of environmental problems.
The physical and institutional environment in which a watershed management
effort developed influenced the selection of issues, how problems were defined,
and the collection of policy instruments for improving environmental conditions.
The analysis also suggests that while it was important to understand how
ecological systems function, it was equally important to understand “the ecology
of governance”. That is, the tradeoffs among environmental problems and how
institutions that address these problems function and interact with one another.
The strong influence that we found contextual factors to have on watershed
management efforts suggests that implementation priorities should be set at the
state and local level rather than by federal grant programs. It also led us to
conclude that context matters a great deal and that contextual conditions and the
ecology of a governance system had a strong influence on the development and
implementation of each watershed management effort.
Characterizing Problems: “Nesting” Science and Agenda Setting
The second group of findings concerned efforts to characterize environmental
problems in order to select management actions and the role that science and
public participation played in these processes. We concluded that to be effective
science must be “nested” in a decision-making process. Scientific research is of
little use to decisionmakers if the information provided is not salient to
decisionmakers. But we also found that scientific research will rarely tell
decisionmakers what to do. Instead, scientific research provides information
that helps to inform decisionmakers. Our analysis also revealed that better
information on environmental conditions and implementation efforts was
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needed. State and local officials also needed technical and financial assistance
to improve data collection and integrate data management systems. The
watershed management efforts also gave high importance to public participation,
but the role of public and stakeholder involvement varied. Our analysis also
concluded that it was important to develop a well-managed planning and
decision-making process. We also identified several important differences
between collaborative decision making and the type of rational, scientific
analysis required by the Clean Water Act’s (CWA) Total Maximum Daily Load
(TMDL) requirements.
Table 2: Selected Accomplishments and Future Challenges of the Case
Studies
Case
Study

Accomplishments

Challenges

Delaware
Inland

§ Hydrologic Unit Area
(HUA) program
§ Inland Bays Recovery
Initiative
§ Water Use Plan
§ TMDL and tributary
strategies
§ $158 million in sewer
infrastructure
§ $13 million in land
aquisition
§ Restoration project at James
Farm

§ Center for the Inland Bays
(CIB) is still a relatively new
organization

§ Growth controls in the
Regional Plan
§ Devolution of permitting to
local governments
§ Joint lobying agenda with
agencies and NGOs
§ $900 Million Environmental
Improvement Program
§ Presidential Summit

§ Unclear if funding for EIP
will be obtained, particularly
local government’s share

Bays

Lake
Tahoe
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§ Agricultural nutrient
loadings are still a major
problem
§ Revised compreensive plans
in 1988 and 1997 but
development continues
§ CCMP is decreasing
usefulness

§ Unclear what is causing
declining lake clarity

Table 2: Selected Accomplishments and Future Challenges of the Case
Studies (cont.)
Case
Study

Accomplishments

Challenges

Narragan
sett
Bay

§ Greenwich Bay Initiative

§ Collection of projects not a
program
§ State provides no
implementation funding
§ CCMP is no longer used or
viable

§ Designation of state as “nodischarge zone” for
recreational boating
§ Improved planning capacity
in RIDEM

Salt
Ponds

§ Shared zoning policies that
balanced tradeoffs among
sewers and OSDSs

§ Lack of program to do
habitat restoration
§ Lack of collaboration with
RIDEM

§ Local environmental
ordinances
§ Prevented development of
undeveloped barrier beaches
Tampa

§ Interlocal Agreement

Bay

§ Nutrient Management
Consortium
§ Efforts to coordinate
monitoring programs
§ State land acquisition
programs
§ Stable implementation
funding

Tillamook
Bay

§ Tillamook County
Performance Partnership
(TCPP)
§ Funding for BMPs in state
forests
§ Development of the
Tillamook Coastal
Watershed Resource Center
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§ Lack of linkage with land
use planning
§ Need to address localized
water quality problems
§ Need to bring in other local
government and instustry
partners
§ Limited financial resouces at
the county level
§ TCPP is developing as an
organization
§ Flooding events distract
public attention and
resources from other NPS
problems

Implementation: An Exercise in Advanced Governance
The third group of findings examines implementation activities. We concluded
that there was no substitute for a well-managed effort. Issues such as program
leadership, staffing and recruitment, personnel management, budgeting,
contracting, and grants management often emerged as factors that influenced the
planning and implementation process. The administration of a watershed
management effort proved to be a complex endeavor requiring a formidable set
of professional skills to manage activities and coordinate intergovernmental
relationships. In short, effective watershed management is an exercise in
advanced governance. We also concluded that adequate resources (e.g., staff,
money, etc.) and flexibility in spending influenced the effectiveness of
implementation efforts by helping public officials plan and budget with
confidence. It also allowed state and local priorities to drive watershed
management efforts rather than priorities contained in federal grant programs.
In terms of implementation activities, demonstration projects were often used
during the planning process to formulate policy and encourage the
implementation of BMPs. Unfortunately, we found that demonstration projects
were often used ineffectively. The analysis also concluded that there was a
tendency for implementation activities to rely on individual projects that were
often loosely connected or failed to systematically address problems. This
appeared to be particularly true when there was heavy reliance on federal grant
programs. In many cases, it was questionable whether these “random acts of
environmental kindness” had much long-term potential to improve
environmental conditions because they were often too limited in scope, duration,
and number. Instead, the greatest improvements resulted from efforts to
systematically address NPS problems in a targeted fashion. It was also clear that
there were often unrealistic expectations about what could be accomplished by a
watershed management effort given current funding levels, the pervasive nature
of NPS problems, and existing institutional constraints such as the lack of
flexibility and collaboration in existing federal NPS programs. It is important
for policymakers, practitioners, and the public to recognize that many NPS
problems are the result of the “tyranny of small decisions” and have developed
incrementally over decades. It may take equally long periods of time to address
them.
Evaluation: Importance of Performance Monitoring
The final set of findings concerned monitoring and evaluating the effectiveness
of implementation efforts. We concluded that performance measures and
tracking systems played an important role in encouraging a systematic-approach
to addressing specific NPS problems (e.g., nutrient loadings from stormwater
runoff). While it was important to have good monitoring data on environmental
conditions, it was also important to have a system that monitors and integrates
data on federal, state, and local implementation activities. The data on
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implementation activities can help develop and reinforce peer-pressure systems
that occur at the political, professional, and interpersonal level. We concluded
that these peer pressure systems appeared to sustain commitments to
collaborative activity and encouraged implementation efforts. We also
concluded that it was important that watershed management effort developed
shared definitions of problems, priorities, policies, and expectations for
implementation activity. These social norms were an important component of
the peer-pressure systems and provided additional incentives for action and
created informal sanctions to enforce collaborative agreements.

Mark T. Imperial
School of Public and Environmental Affairs, Room 410K
Indiana University
Bloomington, Indiana 47405
Phone: (812) 855 – 5971
Fax: (812) 855 – 7802
Email: mimperia@indiana.edu
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DEVELOPING STRATEGIES AND TOOLS FOR SPECIAL AREA
MANAGEMENT: THE PARKER RIVER/ESSEX BAY AREA OF
CRITICAL ENVIRONMENTAL CONCERN
Katherine M. Busse, Massachusetts Coastal Zone Management
Background
Through the Areas of Critical Environmental Concern (ACEC) Program, the
Commonwealth of Massachusetts identifies significant resources and
ecosystems and works for their long-term preservation and stewardship. The
Parker River/Essex Bay ACEC was designated in 1979 as the second coastal
ACEC in Massachusetts. This ACEC crosses five town boundaries and includes
25,500 acres of estuarine, riverine, salt marsh, and barrier beach ecosystems.
The unique area is part of more than 15,000 acres of salt marsh, locally known
as the Great Marsh and is the largest contiguous area of marsh north of Long
Island, New York. Natural resource issues currently being addressed by
government agencies and other regional organizations include water quality, fish
migration, salt marsh restoration, and land protection.
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Figure 1: Salt marsh Habitat on the North Shore of Massachusetts
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Project Goals
To successfully develop and implement resource management strategies and
tools in the Parker River/Essex Bay ACEC, three goals are being addressed.
1) Improve regional coordination.
Representatives from federal, state,
regional, and local governments as well as non-profit organizations support
ACEC resource management activities. Although effective resource
management requires an integrated approach, these diverse partners often
have separate agendas or narrowly focused interests. In addition, municipal
activities have been based primarily on local boundaries without a
coordinated regional and ecological approach. The Parker River/Essex Bay
ACEC project is improving resource management efforts by increasing
communication among regional partners and by focusing on an ecosystem
based approach to planning and outreach.
2) Increase public participation. A public outreach and education program is
needed to ensure that ACEC management strategies are embraced and
implemented at the local level. Citizens and municipalities need to
recognize that this salt marsh ecosystem not only provides important
ecological functions but also supports local and regional economies, public
health, and recreational opportunities. Through the ACEC project, a better
awareness of natural resources, the connection of these resources to the
quality of life, and the need to manage them in an environmentally sound
manner are communicated to the public.
3) Create a model of resource strategies and tools. Since this region was
designated 20 years ago as an ACEC, identifying existing management
efforts and recommending future strategies and tools is more beneficial and
realistic than developing a traditional management plan. By working with
partners to identify management successes, challenges, and needs
throughout the region, we can develop effective strategies and tools for
resource protection. As part of this process, resource management goals
and objectives are identified, local protection mechanisms are evaluated,
gaps are targeted, and improvements for local resource protection are
recommended.
Project Tasks
To address the stated goals, the ACEC project involves a wide variety of tasks
organized into four working themes: resource inventory, education, technical
assistance, and management tools.
1.

Resource Inventory. Since the designation of this ACEC 20 years ago,
there has not been an assessment of reports, research, or monitoring of
natural resources. To address this concern, all available information was
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gathered by doing a literature search and working with regional scientists to
obtain anecdotal information. The final document includes an assessment
of ACEC resources, a bibliography of published and unpublished reports,
and geographic information system (GIS) maps. The inventory identifies
research needs, resource trends, important management issues and hot
spots, and opportunities for restoration throughout the ACEC.
2.

Education. A variety of outreach projects are used to increase public
awareness and support for resource protection. Monthly newspaper
columns discuss how ACEC resources relate to the environment, economy,
and recreation in the region. Boat tours are offered as a hands-on way to
educate the public about salt marsh resources, impacts, and importance to
the local ecology and economy. In addition, a brochure describing the
ACEC was created and mailed to local landowners to highlight the
importance of their backyard natural resources. It is important to work
directly with ACEC partners and communities to organize and implement
these outreach activities.

3.

Technical Assistance. Key information is being identified and developed
for an ACEC GIS database (i.e., mooring areas, regional water quality
monitoring stations, restoration sites, etc.). This local information is being
integrated with a state developed GIS database. In addition, a working
group of partners with concerns of GIS data development and training was
organized and continues to meet on a monthly basis. Basic ArcView
training courses help the workgroup use spatial data to display and query
ACEC resources.

4.

Management tools. Municipal officials and volunteer committees from
each of the five ACEC communities were interviewed to identify regulatory
and nonregulatory strategies for resource protection. From these interviews,
insight into resource issues, potential needs, and barriers to improving
resource protection were identified. Information from each ACEC town
was compiled to make both local and regional assessments of management
successes, challenges, and recommendations. Recommendations may
include implementing wetland bylaws, creating a 300-foot buffer around the
ACEC boundary, or drafting and implementing stormwater management
plans.

Information compiled from the project’s inventory, education, technical
assistance, and management tool components will be documented in a final
report or “workbook”. This product will serve as a transferable model for other
ACECs and special resource areas throughout the state. Through this project,
local support is increasing for long-term management efforts in wetland
restoration, land protection, water quality improvement, and fisheries/shellfish
restoration in this valuable ACEC salt marsh ecosystem.
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THE PEA PATCH ISLAND HERONRY REGION
SPECIAL AREA MANAGEMENT PLAN:
ENSURING PLAN VIABILITY IN THE NEW MILLENNIUM
Susan E. Love, Delaware Department of Natural Resources and Environmental
Control, Delaware Coastal Programs

Introduction
Pea Patch Island, located in the Delaware River, is home to the largest colony of
nesting herons on the East Coast (north of Florida) and is considered a wildlife
resource of both local and national significance due to its size and composition.
Nine species of herons, egrets and ibises nest on this island each spring, once
numbering over 12,000 nesting pairs. Today, the colony numbers only about
3,000 nesting pairs of wading birds, and reproductive success for some species
is low. The rapid decline in population has been cause for much concern among
researchers, environmental organizations and private citizens and has warranted
special attention for this resource through a Special Area Management Plan
(SAMP).
Pea Patch Island is located in the environmentally degraded upper reach of the
Delaware Estuary, between New Jersey and Delaware. This 310-acre island is
also home to Fort Delaware, a Civil War fort that is open to the public and
sponsors numerous activities throughout the spring and summer. The Delaware
River main shipping channel lies just 200 meters from the small island’s eastern
shore. The adjacent mainland of Delaware and New Jersey, upon which nesting
herons are dependent for adequate and safe sources of food for themselves and
their young, are fringed by tidal and man-made impounded wetlands,
surrounded by agricultural, industrial, petrochemical, and suburban land uses.
Crucial foraging areas for many species of herons are currently threatened by
explosive urban and suburban growth. Other anthropogenic stressors such as
wetland loss and degradation, pesticide usage and industrial contamination,
coupled with the issue of predation, pose complex challenges to the survival of
the thousands of herons, egrets and ibises that nest and rear their young on Pea
Patch Island each year.
In response to concerns about the health and sustainability of this important East
Coast heronry, a Special Area Management Plan for the area within a 15kilometer radius around the island was developed by the Delaware Department
of Natural Resources and Environmental Control’s Coastal Management
Program (DCMP) and the National Oceanic and Atmospheric Administration’s
(NOAA) Strategic Environmental Assessments Division. The purpose of the
Pea Patch Island Heronry Region Special Area Management Plan is to build and
apply the knowledge and commitment necessary to ensure long-term protection
of the resources that support the Pea Patch Island Heronry through a broad623

based, ecosystem approach. The development of the SAMP was a consensusbased effort involving representatives from government agencies, nonprofit
organizations and industry.
Key issues affecting the heronry, as well as strategies to address them, were
identified and developed by stakeholders and were included in the Pea Patch
Island Heronry Region Special Area Management Plan Final Document (1998).
This document has provided guidance for an effort to implement priority
strategies for improving or protecting the herons and their critical habitat. To
date, nearly two-thirds of the strategies outlined in the document have been
implemented or addressed, but few have been fully completed. The SAMP and
its implementation process will face several challenges to its longevity and
usefulness in the coming year. Issues of concern include garnishing public
awareness and support, securing new funding sources when federal funds expire,
ensuring continued commitment and enthusiasm from participant organizations
and shaping policies that will ensure prolonged protection of this special
resource.
The Herons of Pea Patch Island
Nine species of herons and ibises inhabit Pea Patch Island: Black Crowned
Night Heron, Yellow Crowned Night Heron, Glossy Ibis, Great Blue Heron,
Little Blue Heron, Great Egret, Snowy Egret, Cattle Egret and Tri-Colored
Herons. The declining population of the herons nesting on Pea Patch Island is
indicative of the many challenges these birds face. The heronry is located in a
large, multiple-use estuary, flanked by extensive areas of agriculture, residential
and commercial development. This type of setting increases the chance of
exposure to many pollutant classes including petroleum derivatives, industrial
pollutants (PCBs, radionuclides), metals, pesticides, and municipal waste. The
physical proximity of industrial infrastructure and commercial ship traffic to the
island also poses a very real threat to the herons in the form of oil spills and
accidental chemical releases.
In 1993, a joint effort between Manomet Center for Conservation Sciences and
the Delaware Department of Natural Resources and Environmental Control was
undertaken to determine population status, contamination levels and habitat
utilization of these birds in order to determine critical needs for the survival of
the heronry. In addition, assessing the health of apex species (species at the top
of a food chain, such as herons) provides a picture of the total health of an
estuary ecosystem, including water quality status and viability of multi-tiered
food webs.
As the heronry was studied, health issues and probable causes were identified.
Industrial contaminants such as organochlorine and heavy metals were found
only at low levels in blood tests done on certain species, indicating that
industrial contaminants are of low concern. Blood cholinesterase levels in some
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heron species were found to be lower than those on other colonies on the East
Coast, indicating possible secondary exposure to organophosphate and
carbamate pesticides. Cholinesterase is an enzyme required for nerve to nerve
and nerve to muscle transmission; depressed levels can result in changed
behaviors. A number of nestlings had moderate to severe lesions on their
abdomens, caused by dermestid beetle larvae feeding on their blood. It was
hypothesized that development of lesions was a direct result of changed
behavior from lowered cholinesterase levels; more specifically that lowered
blood cholinesterase was causing the nestlings to be lethargic, resulting in the
inability to prevent the beetle larvae from attaching to their abdomen. Egg
production and fledgling success for all species in Delaware Bay is generally
lower than for any other colony on the East Coast; some of this may be due to
predation by crows and resident small mammals, but other reasons for low
reproductive success are suspected. Population status has been tracked carefully
each year. In the mid-1980’s more than 12,000 pairs of herons in total nested on
Pea Patch Island. That number today is only about 3,000 pairs. This represents a
significant drop in population numbers from just a few short years ago; most
notably in two species: Cattle Egrets and Snowy Egrets. Little Blue Herons,
Glossy Ibis and Black-Crowned Night Herons are also in decline. Populations
of other birds nesting on the island are either fairly stable or cycling. Thus far,
researchers have been unable to pinpoint a concrete reason for population drops
in those species, and may never be able to, given the complexity and number of
variables in this system.
Development of the SAMP
Section 309 of the Federal Coastal Zone Management Act provides for Coastal
Zone Enhancement Grants to states for the purpose of carrying out the section’s
specific objectives. One of the eight objectives defined in this section is
“preparing and implementing special area management plans for important
coastal areas.” The statute defines a special area management plan as “a
comprehensive plan providing for natural resource protection and reasonable
coastal-dependent economic growth containing a detailed comprehensive
statement of policies; standards and criteria to guide public and private uses of
lands and waters; and mechanisms for timely implementation in specific
geographic areas within the coastal zone” (16 U.S.C.A. §1453(17)).
The idea for a Special Area Management Plan for the Pea Patch Island region
was cultivated by the Delaware Coastal Management Program and National
Oceanic and Atmospheric Administration’s Strategic Environmental Assessment
Division and was driven by the need to make proactive decisions about the
management and protection of the resources which sustain the herons nesting on
Pea Patch Island. A Core Group of participants was formed to actively oversee
the development of the SAMP. In addition, two workshops were held in which
the Core Group and many additional stakeholders identified issues they believed
to be affecting the sustainability and health of the heronry. Once these issues
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were fully researched, workshop participants developed strategies to address
them.
Seven major issues of concern were identified through this process: Habitat
Change/Development, Pesticides, Contaminants, Oil Spills/Industrial Accidents,
Habitat Improvement and Protection, Outreach and Education and Human
Disturbance. Each issue was thoroughly characterized by the group and
published in an Issues Characterization document. Participants then developed
strategies to address these key issues. Sixty-six strategies were set forth by the
group of which 28 were included in the final document.
These 28 strategies form the basis of the SAMP and have driven its
implementation to date. This strategy driven process is what differentiates the
Pea Patch Island Heronry Region SAMP from other Special Area Management
Plans, which serve mainly as reference or guidance documents of limited scope.
The implementation of strategies using federal funds keeps the SAMP document
and process an “on-the-ground” effort, but also poses numerous special
challenges.
SAMP Implementation
A Core Group of participants has been meeting on a quarterly basis since 1997
to guide development of the document and implementation of SAMP strategies.
The group is now known as the Implementation Team, since their current focus
is ensuring that strategies from the document are carried out. Each year, the
Implementation Team votes for strategies to implement with dedicated funding
from NOAA for that year. Preference for strategies is based upon level of
organization involvement, interest and availability of matching funds. To date,
of 28 strategies included in the original document, 19 have been implemented.
Strategies implemented and funded by the group include small-scale projects as
well as more complex, multi-organization efforts. The group was successful in
ensuring that a county comprehensive plan included riparian buffer ordinances
and multi-agency work is on-going to develop riparian buffer criteria that will
benefit wildlife needs, including herons. A permanent buoy anchor system for
oil spill booms was established around the island itself and workshops will be
held this spring to develop hazing and retrieval plans for Pea Patch Island and
the surrounding area in the event of an oil spill or chemical release. A complex,
multi-agency effort is underway to establish a framework and information
management system for dredging project decision-making in Delaware, a result
of which should be reductions in environmental impacts due to dredging.
Research on the health of the birds is on going; new studies will be conducted
this spring to determine what, if any, hazards could be associated with herons
and other wading birds foraging in confined disposal sites.
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Challenges and Solutions
One of the primary challenges to the success of the Pea Patch Island SAMP
effort, as with any project of this scope, is effective cooperation and
communication between agencies and organizations. This issue is further
complicated because this SAMP is an interstate effort, involving strategies
targeted for both Delaware and New Jersey. Efforts thus far have focused
mainly on the Delaware side, in part because this is where most of the rapidly
developing areas, as well as the majority of heavy industry, are located. In
addition, participation and active involvement from New Jersey has been sparse
since the publication of the SAMP Final Document. Participation by states on
both sides of the river is crucial for the survival of the heronry since these birds
neither recognize nor adhere to state borders when foraging for food for
themselves and their nestlings. Recently, interest in the SAMP from the New
Jersey side has resurged. The New Jersey Department of Environmental
Protection has expressed interest in coordinating projects with the SAMP
Implementation Team; and the Delaware Estuary Program, headquartered in
New Jersey, is offering funding to work on a joint Delaware/New Jersey
cooperative project. This interest is encouraging; and active participation from
New Jersey may help to breathe life into an on-going effort that is slowly losing
some momentum.
Securing sources of funding is always a challenge for any effort, but it has not
been a major issue to date for this effort because implementation of strategies
for the past three years has been heavily subsidized by federal seed money from
a NOAA grant. This block funding ends this year. It will be critical for the
group to actively secure funding from sources other than the federal
government, although we have limited experience in this arena. A few grant
applications have been submitted for projects with little or no success.
Involvement from New Jersey will help tremendously in the search for new
funding sources, as we can partner on many initiatives. The SAMP final
document also provided for the formation of a sub-group, tasked specifically
with securing funding for new projects. This group has not been formed as yet,
but it may be necessary in the near future. Obtaining funding for strategy
implementation is crucial to the active role the SAMP plays in the conservation
of this ecosystem; without funding for priority projects, the SAMP will no
longer be an effective conservation and management tool.
Another problem the SAMP faces is developing and carrying out effective
outreach and education programs. Outreach efforts aimed at the general public
have not been successful; residents of Delaware and New Jersey are not aware
that such a nationally significant resource exists in their backyards. The SAMP
group has done outreach opportunistically for the past few years, with no longterm plan nor targeted audience. Development of a five-year outreach plan is
now underway. This plan sets forth a schedule for outreach activities and
messages that will be dispersed for different audiences. It is hoped that creating
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awareness of this resource and its importance will help garnish support for any
legislation or regulations that may be implemented to protect the area.
Strategies and research associated with the Pea Patch Island Heronry Region
Special Area Management Plan have complied a tremendous amount of
information about the herons and the ecology of the surrounding landscape.
Much of this information has either not been distributed to or is not being used
by organizations that could benefit from it. Few strategies thus far have been
completed in total but in the coming months and years, final research reports,
GIS coverages, wetland models and other information will be developed. It will
be a challenge to ensure that these materials, which were deemed to be
important tools for management of the area, will be used by the agencies and
organizations charged with management and protection of the heronry region.
The Future Direction of the SAMP
The exact course that implementation of the SAMP will take from this point
forward is hazy, at best. The biggest factor in the future direction of the SAMP
will be the willingness of the participant organizations to increase their active
involvement by taking the lead on priority projects, contributing staff time,
helping to secure funding, and garnishing support for the continuation of this
important project.
In the immediate future, an update of the 1998 SAMP Final Document will be
written and published. The current SAMP Final Document is now three years
old; and strategy development began almost five years ago. Since then, we have
gained much knowledge about the status of the birds and their surrounding
environment. In addition, land use plans have been adopted on both sides of the
river, and some pesticides of concern have been banned from use. The Update
Document will conclusively review the status of strategies and indicate where
extra effort should be placed in the future. In addition, new strategies may be
identified and developed to be included with the update.
Using new information about the heronry and taking into account new laws and
policies, we can reassess the priorities of the SAMP and direct efforts where
they are needed most at this time.
Policy statements, a key component of a SAMP that has been absent in this
process thus far, will be included in the update document. These policies will be
developed by the Implementation Team and other stakeholders and will be
incorporated into the policies of the Delaware Coastal Management Program.
Once incorporated into the program, they will be used to evaluate Federal
Consistency reviews. Federal Consistency, required under sections 307(c) and
(d) of the CZMA, provides a means for improved federal-local cooperation
regarding important federal actions that could affect coastal resources. This is
one of Delaware’s strongest means of protecting its coastal resources because
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the state has the authority to deem a federal action inconsistent with the policies
of the DCMP.
It is crucial that this heronry is preserved to the best of our ability, since nesting
areas for herons, egrets and ibises are no longer abundant along the East Coast.
If the birds abandon the Pea Patch Island Heronry due to lack of abundant food
sources, an oil spill, human disturbance or other reasons, they will have very
few, if any, places to re-establish a colony and breed successfully. With
improved coordination and participation and a set of policies pertaining to the
protection of the heronry and the resources that support it, the Pea Patch Island
Special Area Management Plan and its Implementation Team can continue to
work towards ensuring the survivability of one of the most important breeding
and nesting areas for herons, egrets and ibises on the East Coast.

Susan E. Love
Delaware Coastal Programs
Delaware Department of Natural Resources and Environmental Control
89 Kings Hwy.
Dover, DE 19901
Phone: (302) 739-3451
Fax: (302) 739-2048
Email: slove@state.de.us
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Department of Environment and Planning, University of Aveiro Campus
Universitário, Aveiro, Portugal

Introduction
The Ria de Aveiro, situated in the Central Region of Portugal, is a coastal
lagoon that is subject to the influence of the tides. This has resulted in a set of
characteristic biotopes, which enable antropic and natural process. Each of these
biotopes will, if managed and controlled correctly, allow simultaneously the
biodiversity and integration of making in the landscape of the wetland.
The characteristics of the lagoon and the socio-economics activities developed
inside and around the area during the last decades are strictly dependent of the
navigability conditions of the several branches showing the strong link between
the differences activities and the lagoon
From the 109 quays that existed in the past, only 37 are presently in use. The
remaining quays either have disappeared altogether, or are now in an advanced
state of degradation. The cultural and historic importance of these particular
quays and the strategies defined in order to revitalise the Ria de Aveiro as a
whole, have develop a recovery and valorization Quay’s Plan, representative of
these several potentialities and interests of the population of Aveiro’s District,
serving the integrated management goals.
This presentation shows the results obtained during the first year of this (1999)
pilot project, especially the strategies of intervention defined inside the
Partnership inside the MARIA Program (LIFE’96).
Recuperation And Valorisation Of The Quays
Due to the lagoon characteristics of the Ria de Aveiro, the socio-economic
activities developed in its surroundings along times occurred in a close
dependency of the navigability of its channels. The use of the channels to
transport people, cattle and merchandise, when other highways along the Ria
where almost non-existent, implicate the existence of numerous quays in the
riverain villages. Only 37 of the 107 quays are still in use. Most of the quays
have suffer degradation during the times due to the lack of use, some have
disappeared and others are too degraded and the recuperation will be very
difficult. Attending to the historical and cultural meaning of this quays and to
their importance in the revitalisation of the Ria it is important to develop one
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quay recuperation and revitalisation plan. That presents the potentialities and
interests that can contribute to the welfare of the population that can use it, on an
integrated management perspective.
Objectives
With this pilot-project we will try to find solutions that stimulate an increasing
involvement of the waterfront communities making possible one future
revitalisation of the Ria itself, encouraging its leisure and recreational
components. In this sense we consider as necessary:
To define the physic, social and environmental qualification of the places
where the quays are situated.
Typify the adaptation of the quays to the potential uses of the annex
waterfront margins.
Define strategies to the physic recuperation and qualification of the quays.
Implement revitalisation strategies.
Methodology
The methodological approach in this pilot-project comprehends seven different
phases:
• 1st PHASE : the Ria dynamics knowledge will help the definition of
guidelines for the intervention actions;
• 2nd PHASE : study and diagnosis of the Ria (potentialities/problems/
vocations), its navigability, the interest of the navigation activities and the
municipalities interventions;
• 3rd PHASE : elaboration of theoretical models to the revitalisation of the
quays;
• 4th PHASE : evaluation of the various quays and selection by multi-criteria
analysis of those who will be object of intervention;
• 5th PHASE : the model of revitalisation will be applied to the target quays;
• 6th PHASE : elaboration of the conclusions and recommendations about the
developed theory and practice
• 7th PHASE : the most appropriate models of revitalisation to each quay will
be applied.
In what concerns to the necessary means to develop this pilot project we can
refer its diversity in terms of type and use during the different phases of the
work. In terms of documented information we will use the disposable
bibliography, works already effectuated in Ria area, reference work models,
Municipality Master Plans and Urban Plans, some interviews with the
municipalities, questionnaires to population and cultural and sportive
associations, and Harbour Administration advisory field work.
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As a consequence of the developed work we aim to reach the following results:
identify the number of quays that are rather degraded and in deep
need to be revitalised;
identify the existence of areas with a great tourist potentiality;
identify the diversity of uses and decay of traditional activities;
reanimate the traditional activities and the uses of the Ria by the
local communities and municipalities;
implement revitalisation models to some of the quays of the Ria de
Aveiro.
Discussion Of The Expected Results
Taking into account the objectives of this project, we have the expectation of
identifying the virtues and insufficiencies of integrated management for the “Ria
de Aveiro”. This way we can identify integrated coastal zone management
methodologies, in particular for wetlands. In anticipation of obtaining a negative
reaction, it is our expectation to identify mechanisms that permit the
reformulation of one such structure capable to dispute with the diversity and
multiplicity of aspects related to physical planning and conservation of this area.
The innovating character of this integrated approach of physical planning and
management (considered necessary in promoting the sustainable development
of the coastal zones) has for itself one group of difficulties and risks due to the
non-existence of a consistent theoretical reference that supports the
implementation of projects with this characteristics. If we associate to this point
the social, institutional and political contexts in which the project develops,
namely in regard to the weak tradition of planning, participation and cooperation
of agents in Portugal and the low level of involvement in partnership (legally
conditioned by the political calendar), the difficulties and risks inherent to the
project increase.
Meanwhile the acquired experience by the actual partnership during the MARIA
project (LIFE’96) constitutes a benefit from the actual project. That
circumstance is much more evident if we consider the quantity and diversity of
entities which form the actual partnership. The entities represent different legal
levels and capabilities intervening in the Ria area with different perspectives of
use and with specific dynamics and co-operating to achieve the sustainable
development to this region.
Integrated management of coastal zones is a subject of the European Union
agenda and this project can contribute to develop strategies at this level. The
contribution of ESGIRA-MARIA project presents an operative feature because
it pretends to test the capacity of the management structure through the
development of pilot-projects in the resolution of the problems that affect the
coastal lagoons.
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CREATIVE APPROACHES TO ENVIRONMENTAL COMPLIANCE
FOR WATERFRONT DEVELOPMENT IN DOWNTOWN SAN DIEGO
Bill Chopyk, Manager of Planning Services,
Port of San Diego

Downtown San Diego is growing up. The skyline is changing rapidly. A strong
economy, fueled by the tourism industry, is increasing the demand for hotel
rooms, marina slips, convention facilities, retail shops and restaurants on the
waterfront of downtown San Diego known as the Embarcadero. This waterfront
property is predominantly located on Port tidelands, i.e. those lands held in trust
by the Port of San Diego for the people of California. The Port of San Diego is
responding to this demand by preparing a comprehensive visionary master plan
for the North Embarcadero and evaluating a variety of development proposals in
the South Embarcadero.
Two key environmental laws were created in California to regulate land-uses
and development within the coastal zone: 1) The California Environmental
Quality Act (CEQA) of 1972; and 2) The California Coastal Act (Coastal Act)
of 1976. CEQA requires a detailed and thorough analysis of the environmental
impacts resulting from development projects. This analysis, contained in an
Environmental Impact Report (EIR), must assess all significant impacts that a
development project will have on the environment and contain measures for
mitigating, or reducing to the greatest extent possible, those environmental
impacts. The Coastal Act assures priority for coastal-dependent and coastalrelated development over other development. The Coastal Act also maximizes
public access to and along the coast and encourages public recreational
opportunities in the coastal zone. The Coastal Act establishes the California
Coastal Commission who oversees and regulates the Port of San Diego and its
Port Master Plan.
The North Embarcadero Alliance Visionary Plan is the outcome of a unique
alliance among five (5) government agencies with significant jurisdictional
and/or ownership interests in the North Embarcadero. Created through a
Memorandum of Understanding (MOU) signed in the summer of 1997, the
North Embarcadero Alliance consists of the U.S. Navy, Port of San Diego,
Centre City Development Corporation, City of San Diego, and San Diego
County. This cooperative venture reflects an understanding of the potential of
the North Embarcadero as a great bayfront district in the city and an
appreciation for a coordinated, comprehensive vision for the area. As stated in
the MOU, the overriding goal of the planning effort is to assure that the North
Embarcadero becomes "the showcase of the San Diego waterfront and a place of
urban grandeur". The North Embarcadero Alliance Visionary Plan was adopted
unanimously by the five (5) Alliance agencies on December 4, 1998. To achieve
CEQA compliance, a programmatic EIR is being prepared jointly by the City
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and the Port of San Diego. The visionary plan will be implemented through a
combination of private development and public infrastructure improvements.
The South Embarcadero Redevelopment Program is a project specific program
that analyzed the environmental impacts and consistency with the Coastal Act
for the following development projects:
1. Hyatt Regency Hotel Expansion including a second 450 ft. high hotel
tower containing 808 hotel rooms with 20,000 sq. ft. of new meeting
space, 34,000 sq. ft. of exhibit space, and 30,000 sq. ft. of ballroom
space.
2. Seaport Village Expansion including 183,280 sq. ft. of additional retail
and restaurant space in 22 new one- and two-story buildings, and a
subterranean parking garage containing 1310 parking spaces.
3. A new 4.1 acre park connecting the waterfront promenade to Harbor
Drive enhancing public access and public views to San Diego Bay.
4. Convention Center Expansion adding 800,000 sq. ft. to the existing
940,500 sq. ft. convention center for a total of 1,740,500 sq. ft.
combined convention facilities on the waterfront of downtown San
Diego.
The proposed development in the Embarcadero brought forth several issues
related to parking, traffic circulation, visual impact, public access, and increased
pollution. The Port of San Diego dealt with these environmental issues in the
following creative ways.
Parking:
A Parking Management and Monitoring Program was devised to reduce parking
demand by providing and encouraging alternative methods of transportation.
Water transportation (water taxis, ferry service, boat access), improved bicycle
facilities, mass transit stops, employee transit and carpooling incentives, off-site
overflow and valet parking service, annual parking reports, and daily parking
monitoring will ensure that adequate parking facilities exist for the new
development. Corrective measures may be taken if the monitoring and parking
reports show a significant lack of parking.
Traffic and Circulation:
The EIR includes a detailed traffic study to determine projected increases in
traffic volumes resulting from the proposed developments. Options for reducing
traffic impacts to an insignificant level include widening streets, providing
additional through traffic lanes, and improving mass transit. Flexibility in
achieving traffic mitigation is critical for coordinating and implementing the
development plans of surrounding jurisdictions. For example, the downtown
Centre City plan may call for narrowing a street and redirecting traffic, while the
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Port District plan may call for street widening. Without options for reducing
traffic, the ability to reconcile conflicts in traffic improvement plans is limited.
Visual Impact:
Visual simulations were prepared to illustrate what the proposed development
will look like from the human perspective. Three different kinds of simulations
were used: photomontage, architectural renderings, and three-dimensional
computer graphics. By reviewing the simulations, adjustments can be made to
improve development plans. For example, the placement of the new Hyatt hotel
tower was setback 100 ft. and moved over an additional 25 ft. to keep the "pier
walk" view corridor open.
Public Access:
A Public Access Program was developed for the Embarcadero area that provides
a "blue-print" for public walkways, bicycle lanes, viewpoints, public art,
environmental education displays, parks, picnic areas, restrooms, fishing areas,
plazas, public parking facilities, disabled access, and water access points. All
new development in the Embarcadero must adhere to and respect the Public
Access Program. This program ensures consistency in the pedestrian experience
while moving through the Embarcadero area.
Environmental Quality:
The Port of San Diego adopted a Comprehensive Management Program to
improve the environmental quality of San Diego Bay. This program involves
monitoring of district anchorages, moorings, and boat ramps, supplementing
monitoring with education and preventative programs, elimination of illegal
anchorages , sponsoring bay cleanup days, monitoring and maintenance of
landscape and hard surface shoreline facilities, reduction or elimination of
sediment discharges through shoreline erosion management, implementation of
integrated pest management programs, best management practices, development
of a spill contingency plan, and cooperation with upstream municipalities and
water quality boards to eliminate nonpoint sources of pollution.
In conclusion, the Port of San Diego was able to gain community support and
the approval of the California Coastal Commission for the proposed
development projects on the waterfront of downtown San Diego. This was due,
in large part, to the high level of public participation in the planning process and
the willingness to change plans in response to community input. Whenever
possible, a win-win situation was sought. For example, the public benefit of a
new four acre park, providing public access, public view corridors and public art
opportunities, is a reasonable trade-off for the increased traffic, congestion, and
view blockage resulting from new hotel and retail developments. The Port of
San Diego will benefit from increased revenues and the public will benefit from
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a new park. San Diego continues to grow while improving the environment for
the benefit of the people of California and the public at-large.

Bill Chopyk, Manager of Planning Services
Port of San Diego
3165 Pacific Highway
San Diego, California 92101
phone: (619) 686-6469
fax: (619) 686-6508
email: wchopyk@portofsandiego.org
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WATERFRONT COMMUNITIES IN FLORIDA - ADAPTING TO A
CHANGING WORLD.
Teresa Divers, Local Program Assistance Coordinator, Florida Coastal
Management Program
In response to economic and societal changes that threaten the existence of
Florida’s traditional waterfront communities, the Florida Coastal Management
Program (FCMP) developed a technical assistance tool called Waterfronts
Florida. It is designed to provide support, training, innovative technical
assistance, and limited financial assistance to communities struggling to
revitalize and renew interest in their waterfront districts. Every two years, three
communities are designated to participate in Waterfronts Florida. This
designation enables them to support their efforts to revitalize their waterfronts in
a manner which incorporates environmental and cultural resource protection,
integration of the viable traditional waterfront economy, hazard mitigation, and
public access to the waterfront. The FCMP has realized the completion of the
first cycle of Waterfronts Florida. The three original communities have
successfully completed their visioning and planning processes, and are well on
their way to implementing waterfront revitalization plans. In January 1999, three
new communities--Vilano Beach, Oak Hill, and the Village of Cortez were
selected to participate in Waterfronts Florida. These communities have created
their local Waterfront Committee and have attended an initial training session.
They are now working on implementing their first-year projects which are
designed to have an immediate visual impact in the targeted waterfront area.
This presentation will examine the successes and failures of Waterfronts Florida,
and discuss ways that these six communities have attempted to rejuvenate
themselves in spite of their inability to rely on commercial fishing.

Teresa Divers
Local Program Assistance Coordinator
Florida Coastal Management Program
2555 Shumard Oak Blvd.
Tallahassee, FL 32399-2100
telephone: 850-414-6558
fax: 850-487-2899
email: teresa.divers@dca.state.fl.us
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FEDERAL FLOOD INSURANCE: HAS IT RUN AGROUND?
Philip Weinberg*, Professor of Law, St. John's University School of Law

The federal flood insurance program, enacted in 1968, had two primary goals
expressed by Congress: to provide affordable insurance to owners of property in
flood plains and along coasts and to “guide . . . future construction where
practicable away from locations which are threatened by flood hazards.”1 It has
met the first goal fitfully, the second hardly at all. Amendment of the National
Flood Insurance Act (NFIA) to help it achieve these goals is long overdue. It
should be part of the environmental agenda of Congress and the next President.
The Act stemmed from the prodigious damage wrought by flooding and coastal
storms, heightened by a series of hurricanes in the 1960s. It is administered by
the Federal Emergency Management Agency (FEMA). Under the Act federallysubsidized flood insurance is available in communities that enact local land-use
controls aimed at reducing flood damage. But purchasing the insurance, even at
the bargain rates produced by the government subsidy, is not mandatory, and
only 4.2 million of the 11 million structures eligible for this insurance are
actually covered.2 Although this represents a substantial increase from 2.6
million policies in 1993, 3 it is still considerably less than half the eligible
structures. This means the flood insurance program is not receiving the
premiums it needs to remain solvent, sharing the risk among a large number of
policyholders.
To complicate matters, since flood insurance takes effect just five days after
purchase, property owners can literally wait until a flood is headed their way
before obtaining insurance4 --hardly an economically efficient way to run the
program.
The risk of flood actually exceeds greatly that of fire or other threat to life and
property. Structures in flood-prone areas have a 26% likelihood of being
flooded during a 30-year period, the duration of a standard mortgage. In
contrast, the risk of fire in thirty years is only 4%. 5
Even more serious is the program’s failure to effectively reduce building along
flood-prone coasts and river basins. Though the Act authorizes flood insurance
only in municipalities with “adequate land use and control measures (with
effective enforcement provisions) which the Director [of FEMA] finds are
consistent with the comprehensive criteria for land management and use”
adopted by that agency,6 this seeming requirement has not been enforced.
FEMA has few resources to ensure that local governments honor this
commitment. Hardly any communities have ever been disqualified for
inadequate, or ineffectively enforced, land use controls.7 Recently FEMA has in
fact threatened several municipalities with probation, a step potentially leading
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to suspension if the local government fails to enact or enforce flood-plain landuse controls. These include Cotati, Calif.; Cedar City, Utah; and Island County,
Wash. Three West Virginia communities, Smithfield, Reedsville and Newburg,
have actually been suspended.8 Suspension means that owners may not obtain
flood insurance or federal disaster assistance.
The federal courts have consistently rejected attempts to make local
governments live up to the Act’s provisions. In Cape May Greene v. Warren,9
the Environmental Protection Agency denied a permit for a sewage treatment
plant needed for a large coastal development in a flood-prone area. The court
overturned the EPA’s denial of the permit, holding the Agency lacked authority
to curtail construction in coastal areas likely to flood. The municipality and
state had both approved the project despite its predictable impact on coastal
flooding.
Again, when banks violate the Flood Insurance Act’s mandate that they inform
home purchasers of flood hazards before furnishing a mortgage loan, the courts
hold the homeowners have no valid claim against the bank under the Act.10
Even the United States Government has extremely narrow power to sue a local
government that fails to enforce flood-control measures while participating in
the insurance program. In United States v. Parish of St. Bernard,11 the court
rejected the Government’s suit under the Act and for breach of contract, though
it did permit a subrogation claim under which the United States might
theoretically sue on behalf of individual property owners--a circuitous and rockstrewn route that has not been followed.
The Act’s mandate to encourage construction outside flood-prone coastal and
river areas has been essentially ignored. A salutary provision, that would have
paid up to 110% of the value of a structure in an area subject to erosion or
undermining by waves if the owner were to relocate or demolish it, was actually
repealed in 1994 as part of a law entitled, ironically, the National Flood
Insurance Reform Act.12 This measure, enacted in 1988, was ineffective
because few owners availed themselves of it. Most were more than willing to
remain on the beachfront and have the taxpayers reimburse them for the
predictable flood damage.
Proposals to strengthen the Act have repeatedly been stymied after incurring the
political power of developers and shorefront property owners. A measure to bar
all banks--not just federally regulated institutions--from furnishing loans to
flood-prone properties not protected by flood insurance has failed to pass. If
enacted, it would have significantly increased the pool of insured properties and
made the entire program more secure. Other proposals to bar flood insurance in
areas subject to severe flooding has likewise failed. These bills would direct
federally subsidized insurance away from regions likely to be repeatedly
flooded, precisely as Congress has directed and common sense dictates. But the
opposition from builders and shorefront owners has caused Congress to shelve
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these proposals over and over again. Bills to require owners to pay higher
premiums after they file two claims have also languished in Congress. There is
little incentive for owners to relocate away from flood plains, or for builders to
avoid those hazardous areas. Instead, construction continues apace, destroying
wetlands and beaches and vastly increasing the damage caused by storms and
floods.
The Coastal Barrier Resources Act,13 enacted in 1982, bravely attempted to
protect barrier islands from overdevelopment. It bars federal flood insurance, as
well as any other federal funds for roads, post offices, housing or the like, for
construction on a presently-undeveloped barrier island. The islands to be so
protected are to be identified by the Secretary of the Interior. This measure
makes eminent sense as far as it goes, but is far too late in the day to thus protect
the coastal barrier islands, from Long Island’s south shore to Atlantic City,
Ocean City (Md.) and Miami Beach, that have long since been developed.
However, between the pristine areas covered by this statute and the overdeveloped islands on which cities sit, there are many barrier islands now subject
to construction. Denial of flood insurance and federal money here might really
channel development away from these fragile, irreplaceable coastal resources.
Congress should extend this statute to protect them.
It is ironic that the many millions of taxpayers’ funds spent on levees, reservoirs
and related costly measures taken in the name of flood control have largely had
the opposite effect. It is now well established scientifically that much of this
diking and similar construction has heightened flooding, not reduced it. Levees
and dikes protect the immediate area, and are surely needed in many places, but
all too often they channel flood waters directly into downstream areas where
flooding is exacerbated. Once overrun, a levee tends to increase flooding, so
that reducing “the flood-plain in one area will inevitably increase water stages
somewhere else. The net result has been that ‘[e]fforts at control may, in some
cases, in the end produce results [more severe than those] they were intended to
cure.’” 14 This process is, of course, intensified by development in flood-prone
areas, placing in harm’s way thousands of people and millions of dollars’ worth
of property.
As Tulane Law School Professor Oliver Houck has aptly noted, “[f]or threequarters of a century the United States government has engaged the forces of
flooding with the confidence of engineers and the budget of a military
campaign: first levees, then floodways, then reservoirs”15 --a campaign ending
like the Vietnam War, waist-high in the Big Muddy. As a Senate committee
found in 1966, “average annual flood hazard is now greater than before . . .
because people have moved themselves and their property into flood-prone areas
faster than flood protection works have been built.” 16 Further, many of these
costly programs were extremely harmful to the environment. The channeling of
Florida’s Kissimmee River, leading to the Everglades, is now being undone,
with the taxpayers bearing the expense again. It cost $32 million for the Army
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Corps of Engineers to channel the river in the 1960s, destroying a 75-square
mile wetland ecosystem. It will now cost an estimated $370 million to restore
the river to its original contours, protecting not just the contiguous ecosystem
but the Everglades as well. 17
Some have suggested that the Army Corps of Engineers determine which levees
should be reinforced and which should be allowed to fail in order to protect
downstream communities.18
Similarly, federal disaster aid, though needed to relieve communities hit by
storms and flooding--a threat global warming will likely heighten--has itself
contributed to the problem. Though the Disaster Relief Act 19 makes funds
available for mitigating flooding and preparedness planning, no federal agency
examines, let alone ever rejects, these measures.20 As the Coastal Alliance has
noted, “[w]hat disaster relief and flood insurance wind up doing is giving people
the financial means to build or rebuild in exactly the same spot that we know is
disaster prone.”21
The Coastal Zone Management Act,22 a brave attempt by Congress to encourage
the states to safeguard their coastlines, has met with partial success. However,
far more needs to be done in providing federal incentives to states that restrict
coastal development--and withholding federal funds from states that fail to do
so. As long as state and local governments restrict, rather than absolutely forbid,
such development their land-use regulations should be free of taking claims. In
the well-known Lucas v. South Carolina Coastal Council23 the Supreme Court
found a compensable taking would occur were the owner to be denied all
reasonable investment-backed expectations by a state law that barred beachfront
development, and on remand the state courts held that had occurred.24 However,
land-use controls that simply reduce, rather than terminate, viable use, will be
upheld by the courts.25
The National Flood Insurance Act should be promptly amended to provide
meaningful incentives for flood-prone property owners to demolish or relocate,
and to prohibit all lending institutions from loaning funds to uninsured floodprone properties. Insurance should no longer be available in severe flood hazard
areas, and owners who file claims repeatedly should be required to pay
substantially higher premiums to cover the costs they impose on the public.
Finally, the Coastal Barrier Resources Act needs to be strengthened to curtail
federal funding to barrier islands subject to rapid development. And FEMA
needs far greater resources to enforce the Flood Insurance Act’s provisions
against recalcitrant municipalities.
In sum, flood insurance has failed to reduce coastal development even in the
most vulnerable reaches. We continue to subsidize private decisions to build
along shorefronts and fragile barrier islands--at once costing taxpayers
prodigiously and harming our environment irreparably.
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BEARING THE FULL COSTS OF RISKS: ECONOMIC INCENTIVES
TO AVOID BUILDING IN COASTAL HAZARD ZONE
Nicole Ricci, Monterey Institute of International Studies and Sea Grant Fellow,
U.S. Naval Observatory

During the past few years, storm surges, shoreline recession, and coastal erosion
have increased in intensity. Despite the fact that California’s coastline is eroding
steadily, political pressure, high economic coastal land values, and Federal aid
propel the development of land in hazardous areas. Measures to combat the
effects of coastal processes on development in California are often in the form
expensive rip rap. These short term protective structures tend to create other
problems, such as decreasing beach widths and exacerbating erosion on adjacent
beaches. These practices of building in hazardous areas and shore armoring
creates external social costs that are not borne to the owner of the endangered
property, but to the entire coastal community and the nation. Using Santa Cruz
County as a case study, this paper will address how building in coastal hazard
zones is not economically sustainable for a community as well as detail policy
alternatives and economic incentives to avoid building in coastal hazard zones.
National, state, and local policies and programs that tend to encourage
development in coastal hazard zones through subsidizing the risk involved are
also examined.

Nicole Ricci
Sea Grant Fellow, CNO(N096T2)
Oceanographer of the Navy, U.S. Naval Observatory
3450 Massachusetts Avenue, N.W.
Washington, DC 20392-5421
telephone: 202-762-0254
email: ricci.nicole@hq.navy.mil
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ADVANCING COASTAL MANAGEMENT CAPACITY: CHANGING
HORIZONS IN EAST AND SOUTH AFRICA
Camille E. Coley & Elin Torell,
University of Rhode Island/Coastal Resources Center
Introduction
Good coastal management programs need good coastal managers to run them.
The problem with finding these good coastal managers in developing nations is
that, like all resources, they are in short supply. There are very few managers
with a complete set of skills necessary to develop, implement and execute
coastal management initiatives and projects that contribute to the overall country
coastal management programs.
This paper specifically focuses on East and South Africa’s efforts to protect their
coastal resources through the use of integrated coastal management. The
countries discussed in this paper are: South Africa, Tanzania, Kenya,
Mozambique and Madagascar. There are other small island states that are not
mentioned by name in this report, but the hypothesis and conclusions regarding
lack of capacity are also applicable to them.
There are some differences, by country, in the number of and skill level of
coastal managers, but overall it can be stated that there are universal similarities
regarding the lack of skills possessed by coastal managers in the region. During
interviews and field visits conducted to these countries in early 2000, three skill
areas were identified to be priorities within major training initiatives to increase
the ability of managers to do coastal management in the region. These three
areas are: community participation (conflict resolution, learning to involve the
community up-front), communication (written and verbal), and evaluation and
budgeting.
Kenya
In Kenya, there are very few coastal managers because environmental efforts
have been concentrated on terrestrial resources. Kenya is known for its
wonderful wildlife forests where elephants, lions, zebras and wildebeest roam
freely. Many adventurers long to go to Kenya to visit wildlife reserves. Only
recently, marine areas have received any attention. There are four marine
reserves in Kenya: Malindi/Watamu, Kiunga, Mombasa and the Mpunguti
Reserves. The Kenya Wildlife Service manages its parks by rotating its staff
periodically to different reserves – marine and terrestrial. Hence, a manager
trained to deal with the marine environment could be transferred up-country to
manage a terrestrial park and vice versa. This means that the few managers that
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have experience in marine environments do not get to apply their knowledge
over a long period of time. It has been suggested that the marine park managers
rotate between marine parks and the land/terrestrial managers rotate between the
other game parks, but to date this has not occurred.
Kenya also struggles with the fact that it still operates in a sectoral manner. It
has been hard to get the professionals dealing with coastal management to
collaborate in an integrated fashion. The few managers that have been trained in
operating inter-sectorally have had little success getting others to see the
benefits of working together to solve issues. The one relatively successful
project has been the Nyali-Bamburi-Shanzu site in Mombasa. This site has been
the pilot site of the Coast Development Authority’s efforts to introduce
integrated coastal management (ICM) to Kenya.
Several institutional
organizations have worked hand in hand to make this project successful, but it is
only a first step to full and complete acceptance of integrated coastal
management as a tool for managing coastal areas in Kenya.
Madagascar
Madagascar has also focussed its natural resource management efforts primarily
on terrestrial issues. It was not until two years ago that an effort was launched at
the national level to promote coastal management. The Nation’s Office of
Environment (Office National pour L’Environment) opened a coastal
management branch within the office. The Marine Management Office
(Environment Marin et Côtier - EMC) has been mandated to write a
management policy. Currently, the policy writing is underway, but there is no
connection to the coastal management activities that are happening on the
ground.
Presently, there are a few coastal management projects operating in coastal
communities in the Northeast coast of Madagascar. The development of these
projects has been slow mainly due to the limited skills of the managers on the
ground. The managers are not equipped to handle community involvement and
budget issues as the managers that were selected to run these programs were
scientifically trained. They were placed in the field with little other skills to
help them manage the diverse issues that they must address on a daily basis.
Mozambique
When ICM was initiated in Mozambique in the early 1990s, the country had just
suffered sixteen years of civil war, which ended in 1992. The first multi-party
election was held in 1994. This context makes Mozambique somewhat different
from the other East and South African Countries. Much of the initial efforts
within coastal management have necessarily revolved around strengthening the
infrastructure and re-building an institutional framework for management. Still
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there is a lack of managers with the experience and skills necessary to deal with
the complex issues of ICM.
Tanzania
In Tanzania, more training has been afforded the manager’s, however there is
still a lack of managers. Tanzania is in the process of adopting its coastal
management policy and running a full-fledged program. The white paper should
be signed into adoption by mid-2000. With the passage of the policy comes the
need for more coastal managers that are able to handle a multitude of issues
revolving coastal management resources.
South Africa
In the early 1990’s, South Africa recognized a need to manage their coastal
resources. In the apartheid era, scarce coastal and marine resources were
allocated to a relatively few white families and companies. However, postapartheid South Africa faced an even more difficult situation of reallocating
access to these resources on a more equitable basis. The first step was the
passage of a coastal management policy in late 1999.
Fundamental issues of allocation of legislative competence and human and
financial resources between the nation and provincial government have not been
resolved in practice. Lack of will-power, information and resources on the part
of governmental “watchdogs,” overall lack of environmental awareness and
education on the part of the public, and a weak environmental non-governmental
organization (NGO) community, have all contributed to a situation where
coastal resources are rapidly being ruined. Additionally, there is a lack of
technical experience in integrated coastal management to cope with the
declining resources. It is of utmost importance that South Africa increases its
coastal management capacity to reverse the harmful trends that are occurring
presently, and to implement the policy that has been passed.
Assessing management capacity and its impact on coastal management
(CM) in East Africa
The evolution of CM is often illustrated as a policy or project development
cycle, constituting of five steps: issue identification and assessment; plan or
program preparation; formal adoption and funding; implementation; and
evaluation. The policy cycle places the many actions of a program or project in
a development sequence and helps unravel the complex interrelationships
among the many elements of CM. Experience shows that the state of
organizational and management capacity, to address complex issues of
sustainable management in coastal areas, largely influences the ease with which
initiatives progress along the policy cycle.
648

Assessing coastal management in Kenya, Tanzania, Madagascar, Mozambique,
and South Africa shows that coastal management has taken root in East Africa.
Most countries are in the process of preparing and adopting national plans or
policies for coastal management. South Africa and Tanzania are in many ways
in the forefront of this process, see Figure 1. There are also a number of local
CM initiatives, addressing multifaceted issues of conservation and development
of deteriorating conditions of critical coastal resources, stemming from a
combination of poverty, population growth, and unsustainable resource use.
The capacity to address these issues is still low and the pace and scope of
initiatives must be designed to fit the existing infrastructure and management
capacity.

Figure 1. National ICM processes in East and South Africa
In East Africa, there is a lack of managers with desired core competencies, e.g.
project management, professional skills, ICM practice, and technical
background. The few skilled managers that exist are at risk of frequently being
ordered to move around to fill in the gaps where they are being needed the most,
leading to discontinuity in the projects that they are forced to leave. Due to,
mainly donor initiated, activities and programs, coastal management capacity is
expanding.
There have been two regional ministerial conferences on coastal management
(1993, 1996). A third conference is scheduled for September 2000 in Maputo,
Mozambique. A significant milestone in this regional process, which started in
the late 1980s, was the signing of the Arusha Resolution on Integrated Coastal
Zone Management in 1993 (Ngoile and Lindèn 1997). This non-binding
resolution outlines coastal management needs and principles in East Africa. It
set the stage for, increased national support for, and efforts in, coastal
management, and successfully began a dialogue between the scientific
community and high-level policy makers. In addition to the ministerial
meetings, numerous workshops and regional meetings are hosted each year on
coastal management. Following the second ministerial conference, a regional
coastal management secretariat was established the Secretariat for Eastern
African Coastal Area Management (SEACAM). This body organizes regional
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training, disseminates coastal management documents, and provides a webbased database on coastal management.
Another regional organization that promotes regional capacity building and
awareness raising is the Western Indian Ocean Marine Science Association
(WIOMSA), established in 1991. WIOMSA, which is hosted by the University
of Dar es Salaam Institute for Marine Science in Zanzibar, is a nongovernmental and non-profit organization dedicated to promoting educational,
scientific, and technological development of all aspects of marine sciences
throughout the Western Indian Ocean region with an aim of sustaining the use
and conservation of marine resources.
Local ICM initiatives are rapidly being initiated and although the existing
capacity building avenues allow managers to acquire skills required to initiate
and produce management plans, the existing services are insufficient. Coastal
management initiatives are commonly hampered by inadequate implementation
skills, which are enhanced by lack of infrastructure and other resources.
Responding to the need to increase capacity, donors, such as the United States
Agency for International Development (USAID), are considering launching
regional capacity building initiatives, that will test innovative training methods.
Before, discussing some of the new ideas, it will be useful to examine the
present activities closer. This short discussion of present capacity building
activities builds upon interviews conducted with coastal managers in Kenya,
Tanzania, and Madagascar during February and March 2000.
1.

University based degrees and research, such as the Swedish International
Development Agency - Sida/SAREC - marine science program which has
supported graduate degrees within marine related research for more than ten
years, have had a positive impact on building coastal management capacity
in East Africa. Many coastal managers have university degrees obtained
through such programs or from universities abroad. The research conducted
while obtaining university degrees increases the management capacity to
identify and address complex coastal issues, since it gives potential
managers an opportunity to delve deeper into specific coastal issues. The
main problems that managers see with university degrees are that they are
both costly and time consuming. Managers that are active in the field often
feel that they cannot afford to take time off to attend university. Instead,
university degrees are regarded as the route for upcoming managers.
Another issue is that potential managers that are going overseas for
university training often choose not to return to their home countries, hence
creating “brain-drain,” and if they return, they may be recruited into fields
unrelated to coastal management.

2.

Short courses, extending over two to four weeks, such as the Training
Course in Integrated Coastal Management for Practitioners in the Western
Indian Ocean Region, which was held in Mombasa in March 1999, are
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alternative forums for capacity building. Top managers, who are given the
opportunity to network and learn about coastal management best practices,
usually attend these intensive courses. The selection of managers to attend
short courses is not always done on the basis of who would be the most
suitable candidate. Instead people may be picked with the argument that it
is their turn to go to a training event or because someone owes them a favor.
As an introduction to the concepts of coastal managers, short courses have
an important niche to fill. However, there are limits to the usefulness of
short courses, particularly if they are not tightly linked to how to implement
the lessons learnt in the managers’ own projects they generate little positive
action. Managers interviewed pointed out that one way to increase the
applicability of short courses is through complementing “classroom”
training with field trips and other activities related to learning by doing.
The value of training-of-trainers was also pointed out. This ensures that
managers are able to disseminate the knowledge gained during short
courses.
3.

Topical workshops and conferences constitute another cluster of activities
that enhance capacity building. Through workshops managers can learn
about emergent topics like mariculture or eco-tourism. These events are
good, not only for generating new knowledge, but also for managers to
communicate findings from their own experience. Workshops and short
courses are usually funded by aid agencies and carried out through regional
organizations like WIOMSA and SEACAM, or NGOs such as World
Wildlife Fund and IUCN-The World Conservation Union. WIOMSA and
SEACAM have played lead roles in convening many of the most significant
workshops on coastal management in the region. One example is the
workshop, “Local and Community Based Integrated Coastal Management:
Lessons to Date,” which was held in Zanzibar in 1998. Consultant firms,
such as the South African group, Common Ground, are also playing a role
in hosting regional training events. Academic conferences are attractive,
but it is very difficult for managers from East Africa to find the funds to
travel abroad for conferences.

One positive “side-effect” of the capacity building efforts described above is a
growing network of coastal managers, creating forums for feedback and
reflection. Ministerial meetings, regional conferences, workshops, and focused
training events have increased the sense of a coastal management community.
Most of the managers interviewed had attended regional meetings and
workshops, and had visited at least one or two other coastal management
projects in the region. In some cases, they had also traveled to visit coastal
management initiatives, meetings, and conferences outside the region. Learning
is also facilitated between projects through communication networks like the EPwani and E-KenyaCoast (email discussion lists) web-based information
exchange, newsletters, and professional associations.
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Future of Development of Capacity
The ability to effect change in the development of sufficient capacity is slowly
improving in East and South Africa. The first step was the general recognition
that there are not enough “skilled” managers to oversee new coastal projects and
initiatives. When we talk about skilled managers, we are referring to people
with a broader focus than straight science or straight management.
We encountered many coastal professionals in the region that admitted a need to
diversify their understanding within all areas of coastal management. They
criticized the education that they had received in the past for not providing them
with opportunities to apply their gained skills. They also criticized the
educational system for not providing them with the opportunity to present their
ideas. They cited this lack of skills in public speaking as one of the barriers that
prohibited their true interaction with communities. They expressed a desire to
be able to convey their ideas not only in writing, but also to verbally express
these ideas to the communities that they work in.
Many of the managers had received formal training in various subjects of coastal
management, but were unable to apply the knowledge that they had learned.
The desired mode of training for coastal management for the East and South
African region is learning is learning by doing. Managers want to know
specifically how to apply “book knowledge” to real life situations.
After receiving formal training through seminars and workshops, participants
are not given an opportunity to apply their knowledge. For those just starting
out in coastal management, short-courses and workshops are an excellent way to
gain immediate knowledge in all the subject areas that a “good coastal” manager
must master. For long-term understanding and knowledge, practitioners need to
be able to implement the learned skills. The only way to do this is through
hands-on experiences.
Presently, the WIOMSA is proposing to provide such a course. A needs
assessment has been conducted in the region with the aim of measuring the
capacity and identifying training needs. In May, the findings of the assessment
will be presented to donors and others in the region interested in increased
project management capacity. The needs assessment team will then develop
criteria for selection of candidates to participate in the WIOMSA capacity
building course. The participants will be selected based on their potential as
future coastal management leaders in their countries. The selection process will
conclude by September 2000 and the course will run from September 2000 to
September 2001.
The proposed framework is one whereby the participants will meet face-to-face
at least four times in different locations in the region. The first gathering will
consist of a basic knowledge course on integrated coastal management. About
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every three months after the baseline training, students will visit pre-selected
coastal management projects or initiatives in the region to provide technical
support. The intended result is that the students will get hands-on training in
various core competencies of coastal management and the projects will receive
free technical assistance in return. At the end of the course, students will return
to their respective countries, and then begin to share their newfound knowledge.
The hope is that this effort will contribute to the establishment of a core of welltrained managers, that in turn will provide a ripple effect, further increasing the
overall capacity of the region. The main objective of the training is to provide
the human capacity to move coastal management programs forward in East
Africa. Concern for these resources is growing, and it is of major importance,
environmentally, socially, and economically, that East and South Africa take the
opportunity to preserve the integrity of its coastal resources while they are still
national assets.
Camille E. Coley
University of Rhode Island
Coastal Resources Center
220 S. Ferry Road
Narragansett, Rhode Island 02882
Phone: (401) 874-6149
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ABSTRACT

LOCAL PEOPLES' CONTROL OVER USE OF NATURAL
RESOURCES: A SYSTEM TO ENSURE PROTECTION OF THE
COASTAL ENVIRONMENT, INCLUDING ITS PEOPLES
Hari Babu & Krishna Udayasankar, Coastal Zone Watch, EQUATIONSEquitable Tourism Options, Bangalore, India

The paper aims to analyze the administration and management of coastal areas
in India, with a view to suggesting alternatives. Indian law focuses on regulation
of industrial and other development on the coast, and is deficient in concern for
the environment or the local peoples. It disregards ground realities of resource
usage patterns of the coastal areas, allowing inappropriate industrialization and
development, and neglects participation of local communities, in issues affecting
their basic human rights. The study and analyses are specific to law, policy, facts
and ground realities in India, but have larger application and ramifications. This
is done through three case studies, examining: 1) Impacts of tourism, which
displaces local communities and affects basic human rights of livelihood and
life, 2) Patterns of housing and land use on the coast, demonstrating the
continual marginalization of economically weaker sections, and 3) Functioning
of law and administration in an estuarine area, demonstrating the environmental
degradation caused by a segregated understanding and administration of coastal
features. In conclusion, the following possibilities are explored: 1) The rationale
for a new system, which allows control and management of coastal resources by
the coastal communities, 2) Methods of identifying various groups of persons
involved, and communities dependent on the coast, 3) Possibilities of systems
based on corresponding rights and responsibilities, linked to the proximity of the
community to the coast, in terms of dependence, and 4) Evolving aspects of a
legal and socio-political system which allows for efficient functioning of this
mechanism of rights and responsibilities.
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POSSIBLE LEGAL CONSTRAINTS TO INTEGRATED COASTAL
ZONE MANAGEMENT IN IRELAND.
Anne Marie O’Hagan & J. Andrew G. Cooper, Coastal Research Group, School
of Environmental Studies, University of Ulster, N. Ireland
Abstract
The success of any coastal zone management policy is dependent on effective
legislation and enforcement. This paper examines some legal constraints on the
implementation of Integrated Coastal Zone Management in Ireland. An
introduction to the existing legal framework is provided and inconsistencies and
ambiguities related to jurisdiction and area of responsibility are highlighted. In
particular, the effect of land ownership and property rights on coastal zone
management are examined with reference to two popular resort beaches. While a
revision of the relevant legislation is desirable, some powers available to
institutions involved in coastal management are currently unused. These are
reviewed and their potential to improve coastal zone management is discussed.
Introduction
Integrated Coastal Zone Management (ICZM) is defined as "a continuous
process with the general aim of implementing sustainable development in
coastal zones and maintaining their diversity. To this end it aims, by more
effective management, to establish and maintain (sustainable) levels of use,
development and activity in coastal zones and eventually to improve the state of
the coastal environment" (EC, 1996). On Ireland's 6500km coastline (5800km
in the Republic of Ireland) (NCEC, 1992), coastal development has largely
proceeded in an ad hoc manner and the coastal zone was first included as a
specific policy area in 1993 in the National Development Plan for Ireland 199499 (GPO, 1993). In 1997 the Department of the Marine and Natural Resources,
the Department of the Environment and Local Government and the Department
for Arts, Heritage, Gaeltacht and the Islands commissioned a draft Coastal Zone
Management Policy for Ireland (BSM, 1997). This defines the coast as " a strip
of land and sea territory of varying width depending on the nature of the
environment and management needs". Clearly the coastal zone cannot be neatly
slotted into existing administrative or planning units. It is inherently a dynamic
system, an area of infinitely variable function and condition. It is this dynamism
that causes problems in legislation for the coastal zone. Administrative
boundaries in the coastal zone are rarely related to natural boundaries and
sectoral activities often transcend administrative boundaries. Since there is no
simple definition of the limits of the coastal zone an integrated and flexible
approach is required when managing it.
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The Irish Situation
Responsibility for the Irish coastal zone has been described as “mosaic” (Kelly,
1994). Three main Government departments are involved. The Department of
the Marine and Natural Resources is responsible for marine-based activities and
seaward planning and has little responsibility for activities above the High
Water Mark. The Department of the Environment and Local Government is
responsible for landward planning and recreational activities. This department
guides local authorities who are, in effect, the implementation authorities for
landward planning. Local authorities generally assume the role of coastal zone
managers although rarely in a formal manner. The Department for Arts,
Heritage, Gaeltacht and the Islands is responsible for nature conservation. It also
has the authority to designate and implement conservation areas such as
National Heritage Areas (NHAs) under national legislation and Special Areas of
Conservation (SACs) and Specially Protected Areas (SPAs) under European
legislation. Responsibility for aspects of the coastal zone are further complicated
by the way in which government departments are divided into more specialised
sub-departments. The Department of the Marine, for example, is divided into
separate sections for aquaculture, coastal protection and environment. While
there are no formal legal mechanisms for vertical or horizontal integration of
these departments and sub-departments, in the majority of cases they try to work
together on large-scale developments.
Tied to this administrative structure is the number of legislative Acts, at both
national and European level, that have a bearing on the coastal zone and
consequently its management. According to Thomson (1994) the legislative
framework in Ireland is characterised by over-complexity, ambiguities and
irregularities. O'Keefe (1990) identified 23 legislative Acts both at national and
European level that had relevance to the coastal zone at that time. The principal
relevant legislation consists of the Foreshore Acts 1933-92, the Local
Government (Planning & Development) Acts 1963-94 and the Harbours Acts
1946-96. Each is outlined below.
Foreshore Acts 1933-92
While the coastal zone is not defined in Irish law, the Foreshore Act 1933
defines the foreshore as "the bed and shore, below the line of high-water of
ordinary or medium tides, of the sea and of every tidal river and tidal estuary
and of every channel, creek and bay of the sea or of any such river or estuary".
The word seashore is defined as "the foreshore and every beach, bank and cliff
contiguous thereto and includes all sand and rocks contiguous to the foreshore".
Unlike common law foreshore, which ends at the line of low water of ordinary
or medium tides, the foreshore as defined by this Act has no seaward limit and
the legal view is that the foreshore as so defined extends out to the 12 mile limit
of the Irish territorial sea (Crosbie, 1994).
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As a general rule the foreshore belongs to the State and its control is vested in
the Department of the Marine and Natural Resources which has the power to
grant foreshore licences and leases. These, however, can only be granted when
deemed to be in the "public interest" (Foreshore Act, Section 2 (1)). This lease
may refer to the foreshore itself or to any buildings or structures thereon. It may
also include any minerals to a maximum depth of 30 feet from the surface of the
foreshore together with a right to exploit those minerals. The Minister has
discretion to give public notice of applications for leases, to invite objections
and representations with respect thereto and/or to hold a public inquiry in regard
to the making of a lease. Section 3 of the same Act, as amended, empowers the
Minister, if it is in the public interest, to grant a licence of State foreshore which
authorises the licensee to "place or erect any articles, things, structures or works
on such foreshore, to remove any beach material from, or disturb any beach
material in, such foreshore, to set and take any minerals in such foreshore to a
maximum depth of 30 feet or to use or occupy such foreshore for any purpose".
As is the case with leases, the Minister has discretion to hold a public local
inquiry before deciding to grant a licence under Section 3. Licences may also be
granted to restrict or prohibit any disturbance or removal of beach material.
Under the guidelines for Foreshore licences and leases it is stated that "any
permission given under the Foreshore Acts would be without prejudice to the
powers of the local planning authority. The applicant should, therefore, consult
with that authority regarding the proposal" (Department of the Marine, 1997).
There is no statutory basis, however, to this.
Section 8 of the Act empowers the Minister to make regulations in respect of the
public use of State foreshore. Here it is stated that "if and whenever the Minister
is of the opinion that the entry of the public on or use by the public of any
particular area of foreshore belonging to the […] State ought in the public
interest to be prohibited, restricted, regulated or controlled, either permanently
or temporarily, the Minister may by order make regulations prohibiting,
restricting, regulating or controlling in such manner, to such extent, and for such
period, limited or unlimited, as the Minister shall think proper the entry of the
public on or use by the public of such an area of foreshore" (Foreshore Act
1933, Section 8(1)). Less control exists over privately owned foreshore
(Scannell, 1995) unless there is an interference with navigation or fishing. Some
1000 Irish sites are outside the control of this Act (Crosbie, 1994) and these sites
could be developed indiscriminately except in cases where other Acts are
directly applicable.
Local Government (Planning & Development) Acts 1963-94
The Local Government Planning and Development Acts 1963-94 and the
Regulations made thereunder also control foreshore development. Section 19(1)
of the 1963 Act requires every local authority to "make a plan indicating the
development objectives for their own area". These are known as Development
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Plans. Section 19(2) provides that a development plan must consist of a written
statement and a plan, which is essentially a map, indicating the development
objectives for the area in question. There is no exhaustive definition of the term
"development objectives" but the term includes objectives for physical,
economic, spatial and social development (Scannell, 1995). This plan must be
reviewed every 5 years. Once the draft development plan and its amended
version have been put on public display to allow objections and representations,
the elected representatives of the Council must adopt the plan by resolution. The
plan then becomes a legally binding document binding the local authority to its
implementation.
Development plans operate as a framework within which planning applications
are made and planning permissions granted or refused. Planning permission is
required for all "development" of land except those areas stipulated in the Acts.
According to the 1963 Act "land includes any structure and any land covered by
water (whether inland or coastal)". Delimitation of seaward boundaries of local
authorities is not standardised throughout the State (Reid, 1986). In general, land
above ordinary high water mark is within the administrative area of the
appropriate County Council while the foreshore is within the administrative area
of the Department of the Marine. The foreshore is, thus, effectively excluded
from the Planning and Development Acts, because, under Section 2 of the 1963
Act, each County Council is appointed the planning authority for its own county.
As the foreshore generally lies outside the administrative area of the County
Council, it is beyond its planning control. Thus, while the Planning and
Development Acts apply to coastal land covered by water, the Acts appoint no
authority for this land. The result is that the Planning and Development Acts do
not operate on the foreshore and the Foreshore Acts effectively control planning
there.
As a result of this, access to the foreshore in Ireland is enjoyed freely if not as a
right (Crosbie, 1994). However, it has also resulted in the foreshore being
excluded from the counties when the Ordnance Survey maps were drawn up.
This is relevant to CZM because case law has determined that the boundary of
the "existing judicial county" is defined by Ordnance Survey maps prepared
pursuant to the Boundary Survey (Ireland) Acts 1854-1859 (Reid, 1986). In law,
therefore, the definitive boundary between the County Council and the
Department of the Marine is the county boundary as marked on the current
Ordnance Survey map. Since many Ordnance Survey maps are up to a century
old, this poses potential constraints for CZM.
Harbours Acts 1946-96
Harbour Authorities created by the Harbours Act 1946 exert jurisdiction over
areas that overlap with both planning authorities and the Department of the
Marine and Natural Resources. Harbour authorities have the power to make byelaws in relation to "docks, quays, works and roadways" (Harbours Act 1946, 2nd
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Schedule, Part III, No. 19). They have no authority in considering a proposed
development within a harbour. Many of Ireland's largest estuaries are under their
statutory jurisdiction. Most of these harbours are in public ownership (Crosbie,
1994). Under the Harbours Act 1946 each county council has considerable input
into the management of any commercial harbour in the county. Proposed
legislation to implement the recommendations made by a Review Group on
Commercial Harbours and Pilotage Policy and Legislation (1992) will provide
for commercial harbours to be managed by port companies rather than harbour
authorities. Ownership will thus change from public to private. For a private
body wishing to carry out a development on the foreshore there are no statutory
guidelines as to how these overlapping jurisdictions relate to each other.
European Legislation
Ireland has the smallest area devoted to nature protection of any European
country and landscape protection policy is poorly developed (Hickie, 1996). The
Wildlife Act 1976 is the only national nature conservation law. The Natural
Heritage Area (NHA) designation is the base of the system for the protection of
Irish natural habitats. All other designations, both national and European overlap
with these, however, they will have no legal standing until the Wildlife Act is
amended. 1,246 NHAs are proposed but only the 10% that are within Nature
Reserves or National Parks have legal backing (Hickie, 1996). Two main
European Directives influence coastal conservation. The Birds Directive
(79/409/EEC) designed to protect wild bird species and their habitats is to be
achieved in Ireland through the designation of Special Protected Areas (SPAs).
From 1985 to 1991 20 SPAs were designated; all were coastal areas and
uninhabited islands and 80% were on State owned land and foreshore (Hickie,
1996). These are enforced through the Conservation of Wild Birds Regulations
(S.I. No. 291 of 1985) which prohibit littering and pollution but not damaging
changes in land use such as drainage. Local authorities are sent details of SPA
designations in their area, but there is no formal interaction with the Planning
and Development Acts. The Department of the Marine, holds informal
consultations with the staff of Dúchas (the National Parks and Wildlife Service)
about new applications for shellfish farms in SPAs (Dúchas, Personal
Communication, 1999).
Under the Habitats Directive (92/43/EEC) designation of Special Areas of
Conservation (SACs) are required for the protection of natural habitats, flora and
fauna, many of them coastal. Details of proposed SACs, and NHAs, are sent to
local authorities, who are asked to forward all planning applications to Dúchas
for comment and recommendation. There is no formal arrangement for this and
there is a problem of integration with other legislative Acts and administrative
agencies. Section 26(1) of the Planning and Development Act 1963 allows a
planning authority to take account of "other matters" which may regulate
development. In theory, NHAs, and all other designations, should be included
here. This Directive was adopted in May 1992 and Member States had two years
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to incorporate it into national law. In Ireland, this process has not yet been
entirely completed although the Natural Habitats Regulations 1997 allowed the
Minister for Arts, Heritage, Gaeltacht and the Islands to propose provisional
SACs. There are approximately 400 proposed SACs (Grist, 1997), all of which
are currently Natural Heritage Areas which have no legal backing.
Blue Flag Beaches
One form of local CZM presently operating is the Blue Flag Beach Scheme,
which is a quality assurance scheme aimed primarily at recreational beaches.
This European wide scheme is administered by the Foundation for
Environmental Education in Europe (FEEE), at a European level, and by An
Taisce (the National Trust for Ireland) in Ireland. Under this scheme blue flags
are awarded to beaches that meet specific criteria related to water quality, visitor
facilities, beach management (including litter control), environmental
information and display facilities. At a site-specific level this scheme is carried
out by the local authority of the area. This beach management is performed
without a foreshore licence even though it is below the High Water Mark. Such
management may, at particular sites, require the erection of structures, such as
bollards, for vehicular control. This is a development below the High Water
Mark and, as such, it should include the involvement of the Department of the
Marine and a foreshore licence.
Methodology
Most research focusing on coastal planning and development in Ireland is at the
national or European level. Few studies have been conducted at a local level.
This research was undertaken as part of a project designed to demonstrate the
potential of ICZM through the sustainable use of beach and dune systems. It is
intended that the management plans produced be incorporated into the Donegal
Development Plan and hence acquire legal status. To investigate the effects of
disparate legislation enforced by a multitude of agencies, two study areas,
Downings and Rossnowlagh, were chosen from the original seven sites. While
both these areas portray different natural characteristics, the effects of legislation
are similar.
Firstly, property ownership information was collected from Land Registry data.
Registration of property in Ireland is compulsory under the Local Registration of
Title (Ireland) Act 1891. While there have been revisions of this Act, it remains
that a lot of pertinent information, while actually out-of-date, is still legally
binding. Each ownership of a property is registered on a folio. There are in
excess of 1.2 million live folios in all (Hogan, 1998). Each folio is divided into
three parts. The first part describes the property and where it is located. The
second part describes the owner and the nature of his/her interest in the property;
that is, whether he/she is a full owner, a tenant or a limited owner. Part three of
the folio describes the burdens that affect that property. Burdens include any
mortgage, right of way, right to fish or a lease. It is the latter information, which
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is crucial in coastal management, that is usually out-of-date. Each folio also
contains a map showing the boundaries of the property. Under the Land
Registration Rules 1972 these boundaries must be taken from the current largest
scale Ordnance Survey map.
The current largest scale Ordnance Survey maps are at 1:2500 scale and date
from 1833 to 1907. This creates particular problems where the property
boundary is the High Water Mark as, naturally, it may have changed in the past
100 years. Up until 1995 the Land Registry's method of map publication was by
means of photocopying from originals (Kirwan, 1998). This not only produced
poor quality maps but, due to the fact that paper is heated during the
photocopying process, the maps produced were distorted. Unofficial enquiries
have found that maps produced in such a way result in on-the-ground errors of
between 1 and 2 metres at 1:1000 scale and between 5 and 10 metres at the
1:2500 scale (Byrne, 1998). This makes a significant difference in the cases of
Rossnowlagh and Downings, where there has been actual coastal erosion and
accretion, respectively. When questioned about the accuracy of such maps for
court purposes, the Assistant Director of the Ordnance Survey in Ireland replied
that their use was "not recommended" (Byrne, 1994) yet this is what is legally
required to satisfy Land Registry mapping requirements.
With respect to the survey accuracy of boundary information, the Government
does not have a monitoring function and does not dictate any requirements
relating to the qualifications of the individual or organisation that submits maps
for property registration purposes (Long, 1980). Where a map is submitted for
such purposes there is no check to ensure that the new boundaries shown on the
map physically exist on the ground. There are no official technical requirements
governing the accuracy of maps for the transfer of land in Ireland (Long, 1980).
Provided newly submitted boundaries do not conflict with boundaries already
mapped - which may in turn be correctly or incorrectly mapped - they will be
recorded on the Land Registry map. Under this system, the legally mapped
position of a right of way, for example, may be incorrect.
The land registry data, along with actual field data, were used to create a
Geographical Information System (GIS) for each study area. High and Low
Water Marks, main roads, access points for both vehicles and pedestrians, study
area boundaries and property boundaries along with natural and man-made
features were mapped using ARC/INFO. This information was then imported
into ArcView and maps were produced. These maps identified clearly where
there are potential legal conflict areas.
Results
Rossnowlagh:
The Rossnowlagh study area consists of 2km long Belalt Strand in south-west
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Co. Donegal. Figure 1 shows the study area including the 90 properties within it
and the High and Low Water Marks legally positioned on the 1907 6" Ordnance
Survey map. This beach is managed as a Blue Flag beach. Under the regulations
of this scheme vehicles must be excluded from at least part of the recreational
beach. It is evident from Figure 1, however, that such a measure is made
difficult due to the fact that three main roads intersect at the beach hence it
becomes a main thoroughfare during busy periods. Surveys found that 38% of
people disliked the presence of cars on the beach (U.U.C unpublished report,
1999). This is a definite management problem in that it increases the risk of
accidents, antisocial behaviour, noise, inconvenience to other beach users, traffic
congestion during the Summer, compaction of the beach sand and possibly
traffic offences. The Road Traffic Acts 1933-94 are enforceable in any "public
place". The expression "public place" means "any street, road, or other place to
which the public have access with vehicles whether as of right or by permission
and whether subject to or free of charge" (Road Traffic Act 1933, Part I, Section
3). As previously stated, the public have both pedestrian and vehicular access to
the foreshore which may not be legally allowed but is enjoyed freely if not as a
right. In essence the fact that these Acts are enforceable on a beach should help
solve this problem, however, this has not been the case, probably due to the lack
of police resources for such problems in the area and the seasonality of beach
use.
Pedestrian access to the beach is another potential management problem. As one
of the most popular beaches in Co. Donegal there is a demand for access to
Belalt Strand. Currently DCC operates a car park from which access to the
beach is obtained, by foot, through the dunes. This research has found that,
while DCC owns the car park, it does not own the strip of dunes running
between the car park and the beach where access is gained. There is no public or
private right of way across this land. Two private rights of way were found to
exist to the north of this entry point, shown in Figure 1 also. The potential exists
to make these into public rights of way. Continuous pedestrian trampling causes
gaps to form in the dune system and consequent damage to dune vegetation. The
unarmoured sections of the beach contain no foredunes or fixed dunes, which
indicate that there is no current dune development or recovery. To encourage
this, any new pedestrian access points should be raised above ground level using
boardwalks or steps. A Section 38 agreement (created under the Local
Government (Planning & Development) Act 1963) applies just north of here,
which allows for phased development of the area. The potential therefore exists
for a legal access route to be incorporated.
This area of coastline is progressively eroding and the position of property
boundaries thus changes. Registration of land takes no account of such effects
even though the legal position of a right of way will have changed as a result of
erosion. The position of the High Water Mark in 1907 is shown in Figure 1
along with its position in 1998. Re-positioning of the HWM was enabled by
analysis of aerial photographs and later by GPS surveying. The shoreline
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showed its maximum retreat between 1951 and 1977 with relatively little change
since then. Property owners during this period of retreat responded to the
problem with rock armouring. The Office of Public Works completed the first
rock armouring, at public expense, in front of the hotel, in 1972. Other property
owners followed suit at various stages. Legally, planning permission is required
for such development along with a foreshore licence from the Department of the
Marine. This, however, has never been sought. Currently circa 52% of the sand
dune shore, is rock armoured and this pattern is directly affected by property
ownership. Owners who have the financial means carry out armouring as they
believe it will be in their future financial interest. Where there is an absentee
landlord or where there is no active management of the area, coastal erosion has
proceeded. This is evident in Figure 1 where erosion is seen to have ceased in
armoured sections while it has continued elsewhere. To ensure this situation
does not continue coastal management in the area must be undertaken in an
integrated manner with all property owners being included in the decisionmaking process.
Downings:
Tra Beg, Downings is situated on the eastern shore of Sheephaven Bay on the
north coast of Co. Donegal. It is bounded by rock headlands that provide a
sheltered environment for water-based activities on an otherwise high energy
coast. Figure 2 shows the study area boundary along with the 40 properties
within it, the High and Low Water Marks from the 1905 6" Ordnance Survey
map and the main access points. The general picture at Downings is one of
expansion of the natural dune system during the early part of this century. The
modification of dunes by tourism and recreation facilities since the 1960s has
ended natural dune forming processes. The one access point for vehicles onto
this beach is not a public right of way. There is a car park to the landward side
of this entry point, which is managed by DCC, but the land itself does not
belong to the Council. The only legal point of pedestrian access is via a set of
steps from the northern part of the beach towards the pier. These are only
passable at low tide. Additional pedestrian access is gained through the Gaelic
Football Club's pitch but this is not a legal right of way.
Like Rossnowlagh, Downings was once a Blue Flag beach but this status was
lost in previous years because of car parking on the beach, jet skis and dumping
of builder's rubble. Water quality and dog fouling pose additional problems.
With respect to builder's rubble, which has been used at Downings as informal
armouring, this is legally considered "litter" and it is an offence to dispose of it
in any "public place" under the 1963 Local Government (Planning &
Development) Act, Part V, Section 52(1)(b). Actions against such offences can
be taken either by the local police or the relevant Local Authority. Dog Fouling
is an offence under the 1997 Litter Act which states that "where faeces has been
deposited by a dog in any place [to which this subsection applies] the person in
charge of the dog shall immediately remove the faeces and shall ensure that it is
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properly disposed of in a suitable sanitary manner". This applies to places such
as public roads, school grounds, sports grounds, playing fields or recreational or
leisure areas and beaches (Litter Act 1997, Part IV, Section 22(1) & (2)
(a)(c)(d)).
The position of Downings lends itself to water-based activities that create
additional management problems. One of these is the use of jet-skis, powerboats
and commercial fishing boats in an area also used by the public for swimming.
The Merchant Shipping (Jet Skis and Fast Power Boats) Regulations 1992
enable a local authority to control any area of foreshore adjoining its functional
area. While this has not been formally undertaken, the beach at Downings has
been divided into zones for particular activities to help overcome these
problems. A proposed car free zone required under Blue Flag regulations is
adjacent to the swimming area while jet-skis are restricted to the pier side of the
beach. Zoning may provide a solution to these problems but as it is not a legally
binding method there are potential litigation problems should an accident occur.
Figure 2 also shows how the High Water Mark has changed between its legally
defined position in 1905 and 1998. Aerial photographs and GPS surveying
allowed its position to be established for 1936, 1954, 1977, 1995 and 1998.
From these it is clear that a large amount of accretion of the natural dune system
has occurred. This land formed through accretion has been claimed by the
adjoining landowners who later converted it into caravan parks and recreation
areas. Such facilities have since been "protected" by embankments, which,
depending on their position in relation to the 1905 High Water Mark, require
either planning permission from the relevant local authority and/or a foreshore
licence from the Department of the Marine and Natural Resources. As can be
seen this High Water Mark has changed which casts doubts over the legal
position of structures built on land formed by accretion. The legal position of
such land is still unknown and will be the subject of future research. Under the
Land Act 1965 the Irish Land Commission has the power to create rights of way
in land formed by accretion (Land Act 1965, Section 20(1)). Although the Land
Commission was dissolved in 1992 its powers are still exercisable by the
Minister for Agriculture. It is essential for successful coastal management that
the legal position of accreted land is established as ownership of land has a
major influence on management. From a litigation point of view it is also
important.
Discussion
It is evident that the current legislative system in Ireland poses constraints on the
implementation of any CZM policy. While only a few relevant Acts have been
cited here it is important to note that virtually all laws that affect land and/or sea
anywhere in Ireland potentially apply to the coastal zone. For this reason
consolidation of relevant legislation into one Coastal Zone Management Act
would be difficult as most of these laws do not only relate to the coast but deal
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with a multitude of other issues. This does not remove the fact that the majority
of the legislation is in need of review and updating. It is inevitable that the
management of a complex environment such as the coast will involve an amount
of legislation but such legislation should be mutually consistent and should
facilitate rather than impede the administrative process.
A major legal constraint is the way in which Acts cannot take into account
changes in the High Water Mark and the effect this has on property rights and
boundaries. In both study areas legal rights of way have changed naturally. As a
coast erodes, the legal right of way may disappear. This will happen in
Rossnowlagh if erosion continues. If this was to happen, there would then be no
legal access point to the beach - something that is required for continued use of
this site. Conversely, in Downings the legal right of way is now located in a
place where it can only be accessed at low tide. Land formed through the
process of accretion has a major bearing in this site also. The legal position of
such land is not yet known but in Downings the adjoining land owners have
assumed it belongs to them. The resulting situation is that this land has been
developed below the legal High Water Mark, possibly illegally, even though
planning application has been obtained from the local authority which has no
jurisdiction below the High Water Mark.
The legal rights of an owner to protect property are unclear. If a property owner
lost 10 metres of land by erosion would he/she have the right to claim it back?
Similarly would he/she have the right to protect the property from future
erosion? The latter question is currently a problem in Rossnowlagh. Because a
property is in private ownership that owner may have the legal right to protect
his property. The Irish Constitution and its legislative Acts do, in general,
protect private property rights. Before there can be successful management of
the coastal zone, these legal “grey” areas have to be known, understood and
solved.
There are several existing legal mechanisms, which could be utilised to facilitate
ICZM until such times as the relevant legislation is updated. These include joint
action by local authorities with private property owners. Property owners have
an important contribution to make and the present lack of integrated legislation
and administration, makes their participation crucial to the success of an ICZM
plan. There is also a need for formal co-operation between existing Government
departments, semi-state bodies and local authorities. This is particularly
necessary in the case of the Department of the Marine and Natural Resources
and local authorities. One possible solution to this land/sea divide problem is
provided by the Local Government (Re-organisation) Act 1985. Under this the
Minister of the Environment has the authority to extend local authority
jurisdiction up to three miles beyond the High Water Mark. The still could not
take shoreline changes into account.
Specific problematic activities on the beach could be controlled and/or
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prohibited by By-laws. The Local Government Act 1994 allows for the creation
of these by any local authority. As a general principle bye-laws should not be
made unless there is a specific problem to be addressed which is not capable of
being satisfactorily addressed under the existing law (Local Government Act
1994 Part VII, Section 37, (2)(b)). Nevertheless Section 37(7) stipulates that the
"local authority has the power to make a bye-law in respect of the foreshore and
of coastal waters adjoining that functional area". Contravention of a by-law
constitutes an offence and a fine of anything up to £1000 (IRL£). Of the sixteen
coastal counties in the Republic of Ireland, seven of them have enacted beach
bye-laws to control specific activities, for example, jet-skiing, litter, driving cars
etc. Donegal has not got bye-laws, because of the "potential legal problems"
(Donegal Co. Council, personal communication, 1999). The provision for
making bye-laws is also included in the Harbours Act 1946-96; the Local
Government (Sanitary Services) Act 1948; the Control of Dogs Act 1986; the
Casual Trading Act 1995, the Control of Horses Act 1996 and the Litter Act
1997.
Under the Local Government (Planning and Development) Act 1963, a local
authority has the compulsory power to create public rights of way (Part V,
Section 48 (1)). Section 38 of the same Act allows a local authority to "enter into
an agreement with any person interested in land in their area for the purpose of
restricting or regulating the development or use of the land, either permanently
or during such period may be specified by the agreement". This is a local scale
development plan allowing for particular areas covered by the agreement to be
used for particular developments, for example, industry, caravan parks etc.
Section 42 of the same Act allows for the creation of a Special Area Amenity
Order by way of an area's natural beauty or its scenic or other amenities. In
theory these should help achieve a desirable balance between development and
conservation but because they can only be created by the Minister for the
Environment they are seldom used. Only one Special Area Amenity Order
exists in Ireland.
Conclusions
The increasing range of pressures exerted on the coastal zone require it to be
managed. From an analysis of the main legislation, it is clear that the
development of integrated management is difficult due to fundamental
discrepancies in these laws. A wide range of activities on the coast of Ireland
need to be controlled in order to achieve sustainable development. Some aspects
of the law are in need of review but in other areas current legislation appears to
be adequate. Legislation enabling these powers is, however, often unknown,
misunderstood or unused. Law revision would ensure current management
practices have legal standing and clarify the obscurities in relation to the
functional area of local authorities and Government Departments. Only a
haphazard programme of management can be achieved at present.
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ABSTRACT

INTERINSTITUTIONAL ARRANGEMENTS FOR INTEGRATED
COASTAL ZONE MANAGEMENT IN BRAZIL: THE STUDY CASES
OF SANTA CATARINA (PORTO BELO WATERSHED) AND RIO DE
JANEIRO STATES (MANGARATIBA ISLAND)
Marcus Polette, Rolando Nunes Córdova And Luiz Fernando Vianna
University of Vale do Itajaí – CTTMar/Oceanography, Brazil

One of the most important aspects of the II Brazilian Coastal Zone National
Management Plan is the participation of the society in this process, especially
with the inclusion of the Coastal Zone Municipal Plan which establishes the
implementation of the coastal zone municipal politics, including responsibilities
and institutional procedures for its execution. This plan should keep straight
relationships between the territorial occupation and land use plans as the master
plan program for example. But one of the challenges for its implementation is
the intra and inter institutional arrangements.
The present paper presents the main relationship between the stakeholders
located in Managaratiba Island (Rio de Janeiro State) and Porto Belo Watershed
basin (Santa Catarina´s State) in order to understand the main relationships of
these stakeholders. The proposed methodology was an interview with the main
stakeholders of the two sites at the Federal, State, Municipal and community
levels. On Mangaratiba island 34 stakeholders were interviewed and in the Porto
Belo watershed basin, 70 stakeholders were interviewed. With the results, a
"stakeholders web" was constructed in order to understand the relationship
between them and in order to solve the main problems in their area.
When the results were compared, it was indicated by the "stakeholder web" that
on Mangaratiba Island and in the Porto Belo watershed basin, attributions to
solve local problems (land use, water pollution, deforestation of the Atlantic
Rainforest and lack environmental education programs) have the fluxes
concentrated specially for the Federal, State and Municipal authorities linked
with the environmental protection agencies. The local stakeholders for example
are not well organized in their own responsibilities in the two study cases , the
fluxes between them are dispersed [on] the web.

Marcus Polette
University of Vale do Itajaí – CTTMar/Oceanography
Rua Uruguai 458 – Itajaí – Santa Catarina 88.302-202 – Brazil
E-mail: ecologia@univali.rct-sc.br
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RECAP: A TOOL FOR EVALUATING CALIFORNIA’S COASTAL
MANAGEMENT PROGRAM
Tania Pollak & Allyson Hitt, California Coastal Commission

Coastal Management in California
The California Coastal Act of 1976 establishes the primary framework for
management of coastal resources in the state. The overall objectives of the
Coastal Act are to:
a) Protect, maintain, and where feasible, enhance and restore the
overall quality of the coastal zone environment and its natural and
artificial resources.
b) Assure orderly, balanced utilization and conservation of coastal
zone resources taking into account the social and economic needs of the
people of the state (Section 30001.5 of the California Public Resource
Code, Division 20. Sections 30500-30600, January, 2000).
The Coastal Act identifies a wide variety of resources which much be protected
while development proceeds in the coastal zone. These resources include public
access and recreational opportunities, sensitive marine and terrestrial habitat,
fisheries, water quality, archeological resources, visual resources, and coastaldependent industry.
Implementation of the Coastal Act policies rests with the statewide California
Coastal Commission (Commission) and with the local cities and counties in the
coastal zone. Under the Coastal Act, each local jurisdiction in the coastal zone
must develop a Local Coastal Plan (LCP). An LCP consists of both land use
policies and zoning ordinances which must meet the objectives of the Coastal
Act. When the Commission certifies an LCP as consistent with the Coastal Act,
the local jurisdiction assumes primary responsibility for management of coastal
resources, and regulates development in the coastal zone, in part, by reviewing
development proposals against the LCP policies and issuing coastal
development permits.
The Commission retains regulatory review of
development in state tidelands and areas subject to the public trust, hears appeals
of certain categories of locally issued permits, and acts on proposed amendments
to an LCP itself. Of the 74 cities and counties in the coastal zone, 46 currently
have fully certified LCPs and are issuing coastal development permits.
The Coastal Act also mandates that the Commission periodically review
certified LCPs to ensure on-going consistency with the Coastal Act policies and
objectives. Section 30519.5 of the Coastal Act states, in part, that “[t]he
commission shall, from time to time, but at least once every five years after
certification, review every certified local coastal program to determine whether
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such program is being effectively implemented in conformity with the policies
of this division” (California Public Resource Code, Division 20. Sections
30500-30600, January 2000).
If the Commission determines that
implementation of an LCP is not complying with the objectives of the Coastal
Act, the Commission may develop and submit recommendations to the local
government on how to better meet those objectives.
Role of Periodic Review in Coastal Management
An LCP is certified based, in part, on the current knowledge of resources and
development trends in that area. Often this information changes over time, and
new issues and concerns may emerge. For example, today, non-point source
pollution has emerged as a major challenge in protecting resources. Although
certified LCPs may have general policies addressing runoff and sedimentation,
non-point source pollution was not directly addressed when the majority of
LCPs were certified in the early and mid 1980s. Our understanding of how
natural resources function also continually improves. For example, our
understanding of how wetlands function and how they are affected by various
activities is much more advanced than ten or twenty years ago. New
information on threatened and endangered species, their habitats, and the
stresses to their survival also is continually improved and refined by the
scientific community. Incorporating this new information into the coastal
regulatory process is crucial if coastal resources are to be protected.
In addition, LCPs can be amended many times after certification. For example,
the Commission certified the LCP for Santa Cruz County in 1983; since then,
the County has submitted 67 amendments for Commission review. Jurisdictions
with relatively recent LCPs may also seek numerous amendments; the City of
Capitola, certified in 1990, has submitted 21 amendments to the Commission.
While each proposed amendment is carefully reviewed for consistency with the
Coastal Act and LCP policies, the full effect on coastal resources from multiple
amendments to one LCP can be difficult to determine during the review for a
specific proposal. Similarly, the effect of development over a five or ten year
period can result in cumulative impacts to resources that are not evident in the
review of individual projects. While an individual project may comply with all
the requirements of the Coastal Act or LCP, the cumulative impacts created by
many different projects over time may significantly affect a resource. For
example, the development of several houses adjacent to a habitat area may not
significantly affect it; however, the level of development permitted over ten
years may have a significant effect on the habitat. Both the Coastal Act and
LCPs require that these cumulative impacts be considered in managing coastal
resources.
These factors all lead to the need for a periodic evaluation of the policies and
implementation of certified LCPs. Since some jurisdictions in the coastal zone
do not yet have certified LCPs, the Commission’s regulatory practices should
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also be evaluated. A periodic review provides an opportunity to step back from
the day-to-day review of individual permits, and assess the effectiveness of the
plans and procedures that govern planning in a region. Through a periodic
review, plans can be updated to incorporate new information, address changed
circumstances, and revise policies and practices as necessary.
The Commission’s Regional Cumulative Assessment Project
Prior to the mid 1990s, the Commission had no defined program to undertake
LCP reviews. In fact, only two of the 46 certified LCPs were formally
evaluated. ReCAP, the Commission’s Regional Cumulative Assessment
Program, was developed in the mid 1990s to establish a more defined program
for LCP review. The ReCAP approach emphasizes evaluating the effectiveness
of coastal management and the cumulative effects from development on a
regional approach, rather than an individual LCP per se. Based on this model, a
periodic review may encompass one certified LCP, multiple certified LCPs, or a
combination of one or more certified LCPs and non-certified areas where the
Commission retains primary regulatory authority. The Commission first used
the ReCAP approach in the Santa Cruz/Monterey Bay region of Central
California; this region includes multiple LCPs and areas still under the
Commission’s jurisdiction. The Commission’s second ReCAP focused in the
Santa Monica Mountains/Malibu region of Southern California; most of this
region currently has no certified LCP, and remains in the Commission’s
jurisdiction. Currently, ReCAP is undertaking an evaluation of the certified
LCP for San Luis Obispo County in Central California. Although this review
focuses on the County’s LCP, policies of individual cities’ LCPs within the
County may be analyzed in conjunction with the County’s policies to ensure
adequate management of key resources. Since development or regulatory
actions taken in one jurisdiction may also lead to resource impacts in an adjacent
jurisdiction, using a regional approach for program evaluation can help ensure
that policies across jurisdictions do not conflict with each other.
Wherever possible, the boundaries identified for a ReCAP review are based on
resource areas. For example, when delineating an area for analysis of shoreline
erosion, ReCAP will include the entire littoral cell(s) of the region, even if it
crosses a political jurisdiction boundary. When assessing the effect of
development on natural habitat, the entire area of the habitat is included in the
assessment area when possible. For example, in the Monterey Bay area, ReCAP
included the entire Elkhorn Slough, even though a portion of the watershed fell
outside the coastal zone boundary. Although most of the Santa Monica
Mountains lie in Los Angeles County, to maintain a resource based approach in
the Santa Monica Mountains ReCAP, the portion of the mountains situated in
Ventura County was also included in this analysis.
Ultimately, the purpose of a ReCAP review is to improve how we manage
coastal resources. After establishing the region to be reviewed, ReCAP begins
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the process of regional issue identification. This process includes not only
identifying priority issues, but also noting general problem areas within issues.
For example, an issue area might be public access, but a problem within that
issue could be lack of parking. Public input is a primary component of isolating
priority issues. From there, ReCAP begins looking at the status of resources “on
the ground” as well as noting permitting trends. This involves collecting
baseline information, identifying key questions necessary for clarification of the
nature of the problems, filling data gaps, and evaluating possible causes of
impacts. The next step is reviewing LCP and Coastal Act policies as they relate
to the selected resource issues. This helps to further define the causes of the
problems within and outside of the coastal management policies. Based on the
ReCAP findings and analysis, staff develops recommendation to address the
problems identified. Recommendations can include changes to specific policies
in an LCP, changes in a local government’s or the Commission’s procedures,
improved interagency coordination, better information management, or nonregulatory incentives. From here, short-term strategies and long-term action
plans are developed, and then finally, ongoing monitoring is necessary to track
indicators and ultimately measure the success of program changes.
Key findings are the middle step between gathering data and information and
ultimately making recommendations to Commission staff and local planners.
Much of the data from the ReCAP analyses led to findings that were within the
levels expected or predicted, but other findings were quite striking. Following
are examples of key findings from both of the ReCAP reports and suggested
recommendations.
Findings from the Malibu/Santa Monica Mountains ReCAP report provide a
clear example of the concerns of cumulative impacts. The cumulative impacts
from development in the Santa Monica Mountains coastal zone were identified
as a major concern in the late 1970’s due in part to the large number of lots that
could potentially be developed and the on-going desire to subdivide lands to
create additional lots. In addition, the region faces significant constraints to
development, due to geologic hazards, sensitive resources, and limited
infrastructure. As one tool to address cumulative impacts, the Commission
began a transfer-of-development (TDC) program in 1978. Under the TDC
program, an applicant is allowed to subdivide a parcel (if all other Coastal Act
policies are met), if the development potential on existing lots was extinguished,
or retired. This lot retirement was required to occur in specific, designated areas
(called donor sites) in the Santa Monica Mountains, and mitigated the
cumulative impacts from creating additional lots. Between 1978 and 1996,
approximately 1,051 lots (approximately 1,673 acres) were retired in the Santa
Monica Mountains through the TDC program. Approximately 700 new lots
were created through approved subdivisions during this same time period. As a
result of ReCAP’s analysis, the Commission is modifying its donor sites.
ReCAP’s analysis concluded that the development potential in some donor sites
had been reduced enough to warrant focusing future lot retirements in the other
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donor sites. In addition, ReCAP’s analysis determined that two wildlife
corridors should be designated as donor sites to better protect the intent of the
corridors. It is only as a result of evaluating the program as a whole that these
needed changes could be identified and developed.
In the Santa Cruz/Monterey ReCAP, which covered portions of Santa Cruz and
Monterey counties, initial findings showed that of 78 projects containing a
permit condition requiring an Offer to Dedicate Public Access (OTD),
approximately 30% did not have one recorded. And of those recorded, some
were done only after an enforcement action to ensure compliance with permit
conditions. OTDs are the Coastal Commission’s primary tool to mitigate
impacts to public access from development. Thus, the impacts from the projects
without recorded OTDs had not been mitigated, resulting in a cumulative loss of
beach access. The recommendations following this report included improving
tracking of projects with easement requirements. In the time since those
recommendations were published, Commission staff is consciously tracking
retirement dates through the public access database. Similar findings were
adopted in the Malibu/Santa Monica Mountains ReCAP report. Staff examined
Inland Trail OTDs from 1978-1996 and found that 49% had not been recorded.
One of the recommendations stemming from these findings included pursuing
development of a Memorandum of Understanding to designate a principal
management agency to directly accept future inland trail easement dedications,
thereby eliminating the need for an OTD. Since that recommendation was
published, discussions with appropriate agencies have started.
In another example from the Santa Cruz/Monterey ReCAP, it was found that
while only an eighth of the ReCAP shoreline area was armored at the time of the
study, over a third, or 27 miles of it had the land use and physical characteristics
which could require armoring in the future. Armoring is significant because not
only does it cover beach area, it also limits sand replenishment, thus decreasing
beach area even further. It was discovered that a number of the shoreline
protective devices had been built under emergency permit conditions. A case in
point is the Live Oak area of Santa Cruz County, where over 40% of armoring
projects from 1983-1993 were approved through the emergency permit process.
Current policies require that a subsequent, regular coastal development permit
be obtained; however, many of the 24 emergency permits issued in the ReCAP
area in this timeframe have no follow-up permit. Thus, full regulatory review
did not occur and impacts from these projects have not been fully assessed or
mitigated. One of the recommendations stemming from these findings was that
a regional shoreline management plan be developed, and again, similarly to the
previous example, it was recommended that a tracking system be created to
ensure better follow-up review of emergency permits.
With regard to shoreline armoring in Malibu/Santa Monica Mountains,
ReCAP’s analysis found similar results: as long as development is approved in
areas with high shoreline erosion and wave hazards, it will likely be armored.
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ReCAP found that roughly 45% of the Malibu/Santa Monica Mountains study
area shoreline was armored. The projections of future buildout of shoreline lots
indicate that up to five miles of additional shoreline, or 15%, could be armored
with hard structures. The remaining unarmored area would consist mostly of
public parks or unthreatened bluff areas. One of the recommendations based on
this information was that the City of Malibu, in its LCP planning, should
prohibit development that would require armoring for those shoreline areas
which do not constitute “infill.” Additionally it was recommended that they
prohibit new subdivisions, including lot splits, which create new lots within high
wave hazard areas.
Implementation of ReCAP’s recommendations continues even after the formal
ReCAP evaluation is completed. Since its completion in 1995, the ReCAP
findings and recommendations continue to be used as a basis for coastal
management in the Santa Cruz/Monterey Bay region. The Commission staff has
revised a number of special conditions used on permits to include concerns
raised by ReCAP. Staff is also coordinating with the local governments in the
region to address other concerns raised by ReCAP, especially the need for
regional planning to address shoreline erosion.
Another important aspect of the continual evolution of ReCAP is changing
technology and capabilities. For instance, for its initial ReCAP, the Commission
did not have GIS resources, while the Santa Monica Mountains ReCAP relied
extensively upon GIS analysis. Currently, with the San Luis Obispo periodic
review, GIS is also playing a crucial role. Another key advance is that the
Commission now has an electronic permit tracking system, which was created
from recommendations from the first ReCAP project. That database was a
critical component of the Santa Monica Mountains ReCAP and will continue to
be for the San Luis Obispo review. As the ReCAP process evolves to take
advantage of technological advances and increases in knowledge and
understanding of coastal resources, ReCAP findings and recommendations will
continue to aid coastal planners in protecting our coast.
The views expressed in this paper are those of the authors and do not necessarily
reflect the views of the Commission.
Tania Pollak
Statewide Land Use Planning Unit
California Coastal Commission
45 Fremont St. Suite 2000
San Francisco, CA 94115
Phone: (415) 904-5270
Fax: (415) 904-5400
Email: tpollak@coastal.ca.gov
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AQUACULTURE STRATEGIC PLANNING IMPLICATIONS
FOR COASTAL MANAGERS
Susan Snow-Cotter, Massachusetts Coastal Zone Management

Introduction
Massachusetts Coastal Zone Management (MCZM) produced an Aquaculture
Strategic Plan (the Plan) for the state’s fledgling aquaculture industry in the fall
of 1995. This Plan was produced in the wake of groundfishery collapses in the
Northeast, rising interest in alternative sources of protein worldwide, and the
immediate need to retain the fishing and fish processing traditions and jobs that
had long been an important sector of the local economy. Coincident with the
increased interest in aquaculture in Massachusetts was the realization that the
regulatory framework, strong traditions of “home rule” (municipal control) and
public concern over aquaculture presented daunting obstacles to the
development of this nascent industry. MCZM, with no direct jurisdiction,
responsibility or expertise with aquaculture was tapped by the Governors Office
to coordinate the development of this Plan, due officially to its mandate of
balancing coastal resource protection with economic use, and unofficially due to
the need for an unbiased agency that did not have a major stake in some of the
larger pending issues.
While MCZM took the lead in developing this Plan (utilizing 309 funds), it has
by design been implemented largely by an interagency group led by a newly
hired Aquaculture Coordinator housed at the Department of Food and
Agriculture (DFA). In the fall of 1999, MCZM and the DFA sponsored a oneday Workshop, which focussed on measuring the implementation of the Plan’s
68 specific recommendations. The results of the Workshop indicate that 80% of
the recommendations are either partially or fully implemented.
This paper will provide a snapshot of the Massachusetts aquaculture industry,
discuss the role of MCZM in plan development and implementation, highlight
some unique coastal management issues relating to intertidal and offshore
aquaculture in Massachusetts, and conclude with a brief discussion of three
innovative projects that have resulted from the strategic planning process.
Industry Characterization
Managed cultivation of shellfish and crustaceans in Massachusetts originated
with the native Americans and was adopted by the early settlers on Cape Cod. It
was not until the 1970’s and 1980’s, however, that efficient and viable hatchery
and grow-out techniques were proven effective on a larger, commercial scale.
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The aquaculture industry in Massachusetts has been roughly split between
inland and marine aquaculture in terms of economic value for the past five years
or more. The inland industry is comprised primarily of a handful of highly
technical recirculating facilities located mainly in the western part of the state.
These facilities produce hybrid striped bass, tilapia, trout, and other finfish. The
marine aquaculture industry in Massachusetts mainly produces quahogs (hard
clams) and oysters, with small quantities of scallops, soft shell (steamer) clams,
and mussels. The marine aquaculture industry is concentrated on Cape Cod and
the islands with some producers on the South and Southeastern coasts. In recent
years, a few experimental offshore aquaculture facilities have come on line
including a sea scallop facility (the first aquaculture facility nationwide in
federal waters) and a mussel rafting project, both of which are located off Cape
Cod. Numerous other experimental and commercial offshore projects have been
proposed and some even permitted, but to date, there is no commercial offshore
aquaculture in Massachusetts.
Aquaculture in Massachusetts is estimated to be about an $8.6 million dollar
industry (Bush and Anderson). It must be noted that assessing the economic
value of the aquaculture in this state has been a major difficulty. Aquaculture
revenues from the marine sector are reported to cities and towns with state wide
totals tallied by the Division of Marine Fisheries (DMF). Industry experts agree
that revenues, particularly from marine culturists, is significantly underreported,
probably for tax reasons. It has been estimated that if actual revenues were
reported, the industry value would increase at least three-fold.
Massachusetts Peculiarities
While Massachusetts does has a long history in aquaculture, there are several
obstacles blocking its widespread acceptance and success. As in most
developed countries, aquaculture faces significant environmental concerns
including water quality degradation (from fecal matter, feeding and antibiotic
treatments associated with finfish culture), impact on existing habitat, impact on
genetic integrity, and the potential spread of disease and/or exotic species. In
addition, due to the heavily developed coastal areas in our state, there are
aesthetic concerns and seemingly insurmountable use conflicts including those
with the wild fishery. The regulations facing an aquaculturist can also be
daunting and historically were not well coordinated between agencies.
In addition to these constraints, Massachusetts has extremely strong traditions of
“home rule” (local control) which in effect, gives municipalities the upper hand
in approving most marine aquaculture facilities in state waters. While home rule
has many advantages, it has served to curtail approval of aquaculture in many
towns due to inexperience and unfamiliarity with this emerging industry. The
lack of funding for municipal shellfish propagation in recent years has also
contributed to municipal opposition to aquaculture. Towns that do not have
sufficient shellfish available in the wild fishery to either commercial or
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recreational diggers are not inclined to essentially privatize intertidal or subtidal
areas for the exclusive use of one aquaculturist. Another issue that has slowed
the growth of shellfish culture is intertidal land ownership. In Massachusetts,
the upland landowner generally owns down to the low water mark with the
intertidal zone only legally accessible by the public for the purposes of “fishing,
fowling and navigation.” A court case in 1984 ruled that aquaculture was not a
natural derivative of fishing, but was more akin to agriculture and as such was
not a protected public right on private land. This ruling has adversely affected
many shellfish aquaculturists who previously had municipal licenses on
intertidal lands that they did not own.
Strategic Planning Process
To address some of these issues, in 1984 then-Governor Weld requested that
MCZM initiate a strategic planning process to investigate the potential for
aquaculture in Massachusetts and determine why the Commonwealth lagged so
far behind some of our neighbors in this industry. MCZM responded by
organizing three working groups: the Regulatory Reform Working Group, the
Environmental Impacts Working Group, and Economic Development Working
Group. These broad based working groups met regularly for six months and
initiated the strategic planning process, which included site visits to aquaculture
facilities, discussions with industry and potential aquaculturists, international
literature reviews, four regional public meetings, and over 40 working groups
meetings. To provide oversight and direction to the Working Groups, an
Aquaculture Steering Committee comprised of representatives from private
industry, environmental groups, academia, government, the Legislature, and the
restaurant trade was formed. The Steering Committee met monthly with the
Chairs of the Working Groups.
In the fall of 1995, MCZM released the Massachusetts Aquaculture White Paper
and Strategic Plan. The Plan has a five-year time frame and includes 68
specific recommendations for the State to implement to overcome existing
constraints and take advantage of opportunities in the aquaculture industry. Of
the 68 recommendations, the following were identified as priorities for action:
initiate regulatory streamlining; establish an interagency Aquaculture
Coordination Team (ACT) to oversee implementation of Strategic Plan and to
guide State aquaculture activities; establish an Aquaculture Coordinator
position at the DFA to serve as the single point of entry for all existing and
prospective aquaculturists; establish a broad based Aquaculture Advisory Group
to advise ACT on issues of concern; direct all aquaculture related bond
expenditures toward priorities identified in the Strategic Plan; and work with
municipal officials, the DMF, and shellfish aquaculturists to improve and
standardize the administration of shellfish licenses to improve the prospects for
obtaining financing for aquaculture ventures.
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Plan Implementation
Since Plan release in late 1985, the DFA has been leading Plan implementation
with assistance from the DMF and MCZM. An Aquaculture Coordinator has
been hired who oversees an Aquaculture Grants program, coordinates the ACT
and the Aquaculture Advisory Group, assists applicants with the regulatory
process, promotes the industry at trade shows and conferences and oversees the
work of three regional aquaculture centers.
In October of 1999, four years into Plan implementation, MCZM and the DFA
sponsored an Aquaculture Strategic Planning Workshop with the goals of
tracking progress of Plan implementation, creating a forum to discuss
aquaculture development and realigning Plan recommendations, if necessary.
After hearing presentations on the status of the industry, participants broke up
into three groups that mirrored the original Strategic Plan Working Groups.
Each Working Group evaluated the status of each of the Plan’s 68
recommendations. This analysis of the implementation status indicated that
80% of the Plan’s 68 recommendations have either been entirely (21%) or
partially (59%) implemented and 20% of the recommendations have not seen
any action. The groups also prioritized the recommendations still needing
implementation work in an effort to assist state agencies in directing staff time
toward these efforts. Finally, each Working Group made a series of new and
different recommendations to add to the Plan. It is envisioned that a Plan update
will be initiated in the coming months to sketch out direction for the next five
years.
Interesting Outcomes
While we can not say that the aquaculture industry in Massachusetts has grown
in leaps and bounds as a result of the Aquaculture Strategic Plan, it is fair to say
that the Plan has been enormously effective in reducing much of the conflict that
was inherent in the industry in the early 1980’s. The regulatory process has also
been streamlined and made more accessible. Coordination between municipal,
state and federal agencies has been strengthened. Funding for aquaculture
technical assistance, promotion and outreach has steadily increased.
Three specific outcomes from the Plan and the resulting coordination between
stakeholders are of particular interest to coastal managers. MCZM (again
utilizing 309 funding) has initiated the development of the Massachusetts Ocean
Resources Information System (MORIS). MORIS will be a GIS based
relational database that will be populated with data and information of interest to
coastal managers and researchers. MORIS is currently being designed and its
first application will be as an aquaculture site screening tool for prospective
aquaculturists. Aquaculturists in Massachusetts have identified to need to have
a central information base which would facilitate the siting process by providing
easy access to the known data and information relating to Massachusetts waters,
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uses, and jurisdictions. MCZM is working with the industry to identify which
siting criteria is of most concern to different types of marine aquaculturists.
With that information, the contractor will search for existing data that meets
each criteria and populate the database. Next year MORIS will be populated
exclusively with water quality data. Although aquaculture siting is the first
application for MORIS, it is envisioned that this database will be used for a
range of coastal management issues. MCZM also plans to make MORIS web
accessible.
The second project of interest, initiated by the state-funded Southeastern
Massachusetts Aquaculture Center (SEAMAC), is the development of marine
aquaculture Best Management Practices. For the past six months, SEAMAC has
been facilitating the development of a code of industry practices with topics
ranging to truck access of intertidal shellfish culture to predator control to
dealing with local officials. This process has benefited from heavy participation
from the industry as well as environmental groups. It is envisioned that the
voluntary adoption by aquaculturists of these BMP’s will go a long way in
easing local concerns about some industry practices.
The final outcome of interest from the Plan is the increase in aquaculture
education in secondary schools throughout Massachusetts. The Plan highlighted
the need for aquaculture education for future aquaculturists, the public and also
as an interdisciplinary tool for learning about science and math. The increase in
aquaculture education has truly been remarkable. A network of aquaculture
educators has been formed and received a multi-million dollar technology grant
from the National Science Foundation. Over twenty schools in Massachusetts
have small recirculating aquaculture projects in their classrooms and a few
others have access to small shellfish hatcheries and growout facilities. The
rising interest in aquaculture education is a positive sign for things to come and
certainly will go a long way in increasing public understanding of this industry.

Susan Snow-Cotter
Massachusetts Coastal Zone Management
100 Cambridge St.
Boston, MA 02043 US
Phone: (617) 626-1202
(617) 626-1240
Email: Susan. Snow-Cotter@state.ma.us
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MEASURING RESULTS FOR NOAA'S HABITAT ACTIVITIES
Peyton Robertson & Dan Farrow,
NOAA, National Ocean Service, Special Projects Office

Performance measurement (measuring actual environmental results as opposed to
programmatic accomplishments) is an increasingly hot topic in coastal resource
management circles. Why? Partly as a result of the Government Performance and
Results Act (GPRA), enacted in 1993. GPRA has been a significant driving force in
the way Federal agencies conduct business, forcing a re-evaluation of program
activities to better define “outcomes” as opposed to “outputs.” The General
Accounting Office characterizes the requirements of GPRA as follows:
(1) GPRA forces federal agencies to focus on their missions and goals, how to
achieve them, and how to improve their structural organizations and business
processes;
(2) agencies must define their missions and desired outcomes, use strategic
planning, involve stakeholders, assess their environments, and align their
activities, core processes, and resources to support mission-related outcomes;
(3) agencies need to measure their performance to ensure that they are meeting
their goals and making informed decisions;
(4) performance measures need to be based on program-related characteristics and
performance data must be sufficiently complete, accurate, and consistent;
(5) agencies must use performance data to improve organizational processes,
identify performance gaps, and set improvement goals; and
(6) GPRA success depends on strong leadership practices that devolve
decisionmaking authority with accountability, create incentives, build
expertise, and integrate management reforms.
Besides GPRA, there has also been increasing pressure from the public to improve
government accountability, demanding that agencies demonstrate actual changes
occurring as a result of environmental management programs.
Following the passage of GPRA, NOAA developed a strategic plan comprised of
seven interrelated strategic goals for environmental assessment, prediction and
stewardship. The goal to “Sustain Healthy Coasts” includes the following vision:
“By 2005, the Nation’s coasts will have more productive and diverse habitats for
fish and wildlife and cleaner coastal waters for recreation and the production of
seafood. Coastal communities will have thriving, sustainable economies based on
well-planned development and healthy coastal ecosystems that depend on them.”
NOAA’s existing performance measures for the SHC strategic plan goal primarily
measure outputs (i.e., number of objects or activities produced) rather than
682

outcomes (the desired result). These measures demonstrate the productivity of
programs, but they do not provide a meaningful indication of NOAA’s progress
toward achieving its stated goals and objectives. Many existing measures are
phrased in terms of:
•
•
•
•

programs approved
reports produced
tools developed
activities conducted

There is an effort underway to improve the way NOAA measures progress for
habitat activities under Sustain Healthy Coasts (SHC), focusing on measurable
outcomes for the objective to “Protect, conserve and restore coastal habitats and
their biodiversity.” A team has been working on refinements to the existing
performance measures and recently conducted two workshops to engage a broader
representation of NOAA in the process. The workshops resulted in several
valuable results:
1.

2.

3.

A set of outcome statements based on “habitat services,” enabling NOAA to
answer the question “what are the ultimate results we are seeking from our
habitat activities?” These outcomes reflect the fact that NOAA is concerned
with habitat for fisheries, biodiversity, the ability of coastal habitats to buffer
against coastal storms, and the importance of healthy coastal habitats for
public use and enjoyment.
A conceptual model for linking program activities to outcome statements. This
“results framework” provides an understanding of how activities and outputs
lead to final outcomes, including intermediate outcomes.
A process for refining the existing performance measures, tailoring them
towards achieving the outcome statements.

In addition, the workshops have raised internal awareness and appreciation for
performance measurement, resulting in a broadened recognition of their value in the
agency. Besides improving performance measures for habitat, this activity is
serving as a model for other strategic planning teams. NOAA is also involving
constituents in the process, seeking feedback on the extent to which performance
measures communicate effectively with coastal stakeholders. There has often been
a disconnect between the use of performance measures to demonstrate
accountability and the use of performance measures to manage for results. The
refinement of NOAA’s habitat performance measures offers the opportunity to
“build it and they will come” – representing not only improvements in reporting, but
driving internal change over time.
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ENVIRONMENTAL ASSESSMENT OF COASTAL
ENVIRONMENTS IN
THE CENTRAL COAST REGION OF WESTERN AUSTRALIA
Julianna Priskin
Department of Geography, The University of Western Australia

Introduction
Correlations between the level of observed degradation on the coast and
attitudes to environmental impact held by coastal recreation groups are the
subject of this research. The aim of the research was to determine whether
there is an association between a decreasing awareness of environmental
issues and increasing level of environmental degradation. The objectives of
the research were to:
1. adopt a methodology to assess the physical conditions of the coast;
2. describe the types and intensity of degradation caused by user groups of
the coast;
3. describe user attitudes to degradation on the coast; and
4. determine associations between visitor attitudes to degradation and
levels observed in the physical environment.
Rationale
Nature tourism is a natural resource based activity with a capacity to initiate
changes to the physical and human environment. Tourism develops because
of its capacity to generate economic growth. However, it is not a clean
industry from a conservation perspective. Coastal environments are more
likely to be exploited for tourism and recreation because of the opportunities
they provide with the combination of the “sun, sand and the sea”. As sandy
beaches are fragile and a dynamic interface between land and the sea, they
are more susceptible to degradation caused by use than many other
environments. The negative impacts of tourism on the coast have been well
documented by Fabbri 1990, Wong 1993, the German Federal Agency for
Nature Conservation, 1997 and Orams 1999. Examples of adverse impact
in the coastal zone as a result of recreation activities include littering,
erosion of dunes, trampling of vegetation, marine pollution, loss of
biodiversity and over development. In sensitive environments such as the
coast, even a small amount of use can lead to degradation, especially if user
activities are not regulated. The impacts are capable of causing significant
changes in the physical environment over time and this may destroy the
value of natural places and lead to a decline in tourism as well as other land
uses.
The Central Coast Region of Western Australia is the subject of this
research. It is a 300 km section of the Western Australian coast with a low
regional population (ca 10,000). The region has abundant resources for
coastal nature-based tourism and recreation which user groups have
exploited. A formal tourism industry is in the process of development in the
region. Visitor facilities are generally poor in the region and much of the
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coast is inaccessible except at small towns. This limits coastal recreation
activities away from the towns to those accessed by four-wheel drive
vehicles. Due to the isolation of the area, user groups have taken advantage
of the clean, open natural environments and over the past two decades have
caused significant changes to the physical environment. The levels of
change is variable in intensity. The State Government of Western Australia
is in the process of opening this region to tourism by constructing a road
along the coast, which would reduce connection time to the area from three
to one hour from a population of 1.3 million in Perth. This change will
inevitably increase use of the area. It will place pressure on coastal land for
development and ultimately contribute to further degradation of the quality
of the environment.
It is imperative that planning and management procedures are implemented
to counteract negative impacts caused by intense use of the coast. This
requires knowledge and understanding of the physical environment, as well
as an understanding of the behaviour of user groups. It should include
baseline knowledge about environmental conditions. Assessment of
environmental susceptivity to change, especially degradation potentially
ensures better decision making and the long-term sustainability of the use of
the coast. Hence, a method is required that identifies fragile areas, and
impacts arising from use of the coast. Common procedures for impact
assessment include techniques such as checklists, matrices and detailed
environmental surveys. There are numerous environmental assessment
procedures available. However few are designed for the coast specifically.
Some techniques such as those developed by Briassoulis, 1992, and
Cendrero and Fischer, 1997 are comprehensive but they require time, funds
and expert knowledge to complete. While this is highly desirable, a
technique is needed that is easy to administer and which also allows
integration with planning and management processes.
Study Area
The Central Coast Region of Western Australia is approximately 200 km
north of Perth (Figure 1). Its coastline has a Mediterranean climate with hot
dry summers and mild wet winters. The climate is benign, and together
with the local coastal geomorphology, provides an ideal setting for a range
of coastal recreation and tourism activities. Very low wave conditions
prevail at the shore for most of the year. The coast has extensive sandy
beaches intermittent with limestone outcrops, cliffs, headlands. The beaches
are narrow, generally less than 25 metres wide and annual wave height may
be as low as 0.25 metres (Hegge, 1994). Dunes on the coast vary in form
from plains of relict foredunes on cuspate forelands to mobile sand sheets
migrating inland across deflation plains and blowouts (Sanderson et al,
1999) The coast is vegetated by a wide variety of heaths and woodlands and
species diversity may be high as 100 species per 100 m2 . As a consequence
the coast has high conservation significance and there are several nature
reserves and national parks.
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Methods
Four sets of techniques were used in this research, including environmental
assessment, impact assessment and the administration of user surveys.
Environmental assessment, including impact identification and user surveys
were completed during several field trips to the study area. Finally all
results were analysed and correlated. These methods are discussed in detail
below.
Assessment of the physical environment
The environmental assessment technique employed the use of a table with a
series of descriptors about the coast, which served as a checklist. This was
developed to provide a framework for describing the physical condition of
the coastline (Table 1). This framework allowed identification of stable and
unstable areas along the coast and the results helped determine areas which
were more susceptible to impacts caused by recreation users. Prior to
administering the method in field, aerial photography the study area was
analysed to identify the broad features of the marine and terrestrial
environment. The whole coast was visited during fieldwork and for each
tourism area, a copy of Table 1 was completed. Results showing areas
susceptible to degradation were mapped for overlay analysis purposes
(Figure 1).
Assessment of user impacts on the physical environment
Environmental impacts of visitors on the coast were assessed from a matrix
based on indicators which was adapted from techniques used by the
Department of Conservation and Land Management (CALM, 1997). These
included the:
1. presence of litter,
2. degree of invasion by weeds (non native W. A. plants);
3. degree of disturbance caused by diseases (eg; dieback);
4. degree of fire disturbance (e.g. caused by ad-hoc campers);
5. erosion of general landscape;
6. exposed ground (e.g. caused by the trampling of vegetation);
7. degree of dune system disturbance;
8. presence of unnecessary tracks (e.g. caused by 4WD vehicles); and
9. presence of ad hoc structures such as squatter shacks in the natural
environment.
Each indicator was assigned a value between 0 and 10 depending on the
seriousness of the problem. The higher the score the greater the perceived
level of degradation. Assessments of the environmental impacts were
completed at sites where tourism and recreation activities are known to
occur. The evaluations were based on visual appearance of the environment
and it relied on the researcher’s ability to judge conditions. Results were
mapped for overlay analysis in a GIS. This allowed analysis between
degraded areas and areas susceptible to such changes.
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Assessment of user perceptions
Visitor surveys were conducted during the summer of 1999 and a total of
363 individuals completed the self-administered survey. A total of 25
questions were asked, including those that indicated user perceptions about
coastal recreation activities and environmental degradation. Stratified
random sampling was used to avoid bias in the population. Results were
analysed using chi-square tests and summary statistics in Microsoft Excel.
Results
Results of the environmental conditions and level of degradation are
summarised in Figure 1. Susceptivity to environmental change varies along
the coast. Although much of the coast is naturally fragile due to active
geomorphic processes working on a regional scale. For example, this area is
a major sediment sink for sediment moving northwest. Hence, it was
difficult to isolate changes in the environment that were caused by natural
processes or by recreational groups. Field observation and assessment of
aerial photographs assisted with the separations. For example, tracks,
camping areas, eroded areas near shacks were a result of human induced
change in the environment.
Considering the low regional population and the relatively low exploitation
of the area by tourism, there has been considerable environmental
degradation. Over 57% of the tourism and recreation resources had
moderate to high levels of environmental degradation. No places were
classed as highly degraded, but none were considered to be pristine. These
results indicate that current nature-based tourism activities in this region are
not sustainable over the long term. Badly degraded areas suffer mainly as a
direct impact of uncontrolled four-wheel driving activities and ad-hoc
structure developments. These have secondary effects which lead to the
proliferation of introduced species and fires. In turn, these have contribute
to the reduction of biodiversity, the quality of the environment and therefore
tourism resources.
Results from the visitor surveys are summarised in Table 2. They indicate
visitors are aware of the negative impacts of their actions. Activities such as
swimming, surfing, bush walking and sightseeing are generally considered
unharmful activities by the majority of respondents. Activities such as
diving, fishing, boating, camping and horse riding are considered
moderately harmful. Four-wheel driving, sand-boarding are considered very
harmful activities to coastal environments. Visitors were also asked general
questions that indicated perceptions about the environment and these also
showed mixed results. For example, 72% of respondents agreed that coastal
environments need special care if used by tourists and 80% held the view
that natural environments are valuable resources. In contrast to this, visitors
had variable perceptions about whether tourism is harmful to the
environment (X2 43.5>9.9 α=0.05, d f = 4). For example 30% of the
respondents agreed that tourism was harmful to the environment, 35%
disagreed and 32% were unsure (Table 3).
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The environmental assessment results were correlated with user perceptions.
There does not appear to be a clear association between understanding of
harmful actions and observed environmental impacts. Visitors were aware
of the impacts of activities. However they were not able to comprehend the
total impact they caused. Hence results to the question about tourism being
a harmful activity to the environment are mixed. Environmental impact
assessment showed that 57% of the tourism resources were moderately to
highly degraded. It is possible if visitors had a real understanding of the
impact of their activities, they would behave in a way that would not cause
negative impacts. For example they would not be camping illegally,
lighting fires randomly and taking four-wheel drive vehicles off designated
tracks.
Discussion and Conclusions
In terms of the indicators selected, the methodology used to complete this
research was developed specifically for the study area. As it was aimed as a
broad framework for assessment it was successful in identifying the
landscape’s natural characteristics. The indicators could be easily changed
to suit other coastal environments and this framework could be used in
many places. Additionally, results obtained from the assessment could be
and have been directly integrated into the planning process, the latter
through Landvision (1999).
Similarly the environmental impact assessment framework was simple and
easy to administer and it would be changed to suit any environment. The
weighting technique was subjective as no measurements were made of the
individual indicators. Measurements are not always necessary, especially
when broad scale assessments are completed as they can require significant
amount of funding and time. As many detailed assessments are made by
experts, results are not always being able to integrate into the planning
process, however measurements are necessary when local scale
developments are considered. This environmental assessment framework
together with the impact assessment formed an important process with the
identification of areas needing implementation of management plans. The
classification used in this study can be directly useful to planners and
managers as it can allow the prioritisation of places that are in urgent need
of management initiatives.
The results showed some association between environmental impact of
tourists and the observed level of degradation. The study showed that
visitors have increasing awareness of the impact of certain activities on the
natural environment although they may not act in a way that would reduce
adverse impact. This implies that there is room for education of visitors to
influence their behaviour. The aim of tourism planning in any environment
should be to reduce the negative impacts and to help maximise the overall
benefits (Orams, 1999). In the coastal zone this can be achieved through
integrated coastal planning and management, the provision of visitor
infrastructure suitable to local conditions and visitor education. It is in the
interest of the tourism industry to minimise environmental degradation.
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Should the resources the industry is dependent on decline, then a decline in
tourism will follow.
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Table 1. Framework for Coastal Environmental Assessment
Physiographic Setting
1. Large embayment
2. Small embayment
3. Cuspate foreland north/south flanking
4. Tombolo
5. Rocky headland and shores
Lagoon
1. Patch reef and seagrass meadow
2. Full seagrass cover
3. Reef pavement
4. Patch reef and sand
5. Sand
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Offshore Reef
1. Island present
2. Broad platform reef with
island
3. Broken reef
4. Occasional reef outcrop
5. Open water (break in reef)
Nearshore
1. Sandy bottom, shallow seabed
2. Sandy bottom, deep seabed
3. Sandy seabed, nearshore zone
up to 50 m wide
4. Sandy seabed nearshore zone
up to 25m wide
5. Reef – pavement reef on
seabed/reef outcropping
nearshore

Table 1. Framework for Coastal Environmental Assessment (cont.)
Beach Type s
(1) Wave dominated flat beach
§
Wave height >2m
§
Wide flat beach
§
Surf zone >50m
§
Clean beach face
§
Multiple line of breakers
§
Bars and troughs
§
Rip currents present
(2) Barred beach
§
Average wave height 1-2m
§
Surf zone over 25m wide
§
Multiple set of breakers
§
Bars tied to coast alternatively with rip
channels along the beach
§
Undulating (rhythmic) shoreline with
embayments shoreward of rips
§
Higher variable depths inshore
§
Clean beachface
(3) Wave dominated steep beach
§
Moderate waves – wave height 0.5-1.5m
§
Clean beach face
§
Single shore break with strong run up
§
Steep to deep water may be present
§
Surf zone 20-50m wide
§
No bars or troughs
§
Small rip currents
§
Clean beach face
(4) Narrow flat beach
§
Small waves, heights less than 0.75m
§
Flat low angled beach face
§
Fine sand
§
Surf zone <20m wide
§
Low bars and shallow troughs may be present
§
Seaweed in lines
§
Debris deposited along the beach
(5) Narrow steep beach
§
Surf zone <10m
§
Coarse sand, shelly beach
§
Steep beach face <7°
§
Seasweed in lines
§
No bars & troughs
§
Ripples apparent in sea bed
§
Debris deposited in lines along beach
(6) Rocky
§
Beach rock
§
Rock platform outcropping at beach
Beach stability
1. Very stable- unchanged in historical period
2. Moderately stable- shoreline fluctuation <0.5
m /year
3. Stable- shoreline fluctuation ± 0.5-1.0m /year
4. Moderately unstable – shoreline fluctuation ±
1.0-2.0 m /year
5. Very unstable – shoreline fluctuation ± >2
m/year
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Dune Types
(1) Low foredune plain
§
Dune height <3m AHD
§
Well vegetated
§
Stable

(2) High foredune plain
§
Dune height >3m AHD
§
Well vegetated
§
Stable

(3) High foredune ridge with
minor blowouts
§
Dune height >5m AHD
§
Blowouts (10m wide & 25m
long)
§
<25-50% bare surface

(4) High foredune ridge with large
active parabolic dunes
§
Dune height >5m AHD
§
Blowouts (>10m wide & 25m
long)
§
50% bare surface
§
very unstable
(5) Mobile sand sheet
§
little or no vegetation cover
§
highly unstable

Dune stability
1. Very stable
2. Moderately stable
3. Stable
4. Moderately unstable
5. Very unstable

Table 2. Perception of harm caused by coastal recreation activities
(results are % of responses)
Activity
1
2
3
4
5
6
n. r.
swimming
fishing
diving
surfing
boating/sailing
sandboarding
4WD driving
bushwalking
sightseeing
horseriding
camping
N=363

1
2
3
4
5
6
n.r.

70.5
31.4
36.6
55.1
46
26.2
11.8
46.3
65.01
17.6
21.2

8.5
16.3
16.3
13.8
15.7
9.9
5.5
22.6
16.5
14.6
11

2.8
15.7
15.7
5.2
14.9
12.9
14
15.4
6.9
18.7
19.8

0.8
11.6
10.5
3.6
11.8
21.2
23.7
7.4
2.8
18.5
25.6

0
6.1
2.5
0.8
5.2
12.4
18.7
2.2
1.4
7.2
11

not harmful
minimum level of harm
minimum to moderate level of harm
moderate to high level of harm
high level of harm
very high level of harm
no response
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0.8
0.8
0
0
1.4
11
22
0.6
1.7
8.3
5.5

16.5
18.2
18.5
21.5
5
6.3
4.1
5.5
5.8
15.2
5.8

Table 3: Visitors opinions towards tourism and the environment
Coasts need special care & protection if used by tourists
Opinion
Total
%
Strongly Agree
207
57.0
Agree
54
14.9
Neutral
51
14.0
Disagree
9
2.5
Strongly Disagree
23
6.3
No response
19
5.2
Total
363 100.0
Tourism is harmful to the environment
Opinion
Total
%
Strongly Agree
50
13.8
Agree
57
15.7
Neutral
118
32.5
Disagree
57
15.7
Strongly Disagree
67
18.5
No response
14
3.9
Total
363 100.0
Natural environments are a valuable resource
Opinion
Total
%
Strongly Agree
247
68.0
Agree
45
12.4
Neutral
35
9.6
Disagree
4
1.1
Strongly Disagree
19
5.2
No response
13
3.6
Total
363 100.0
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OVERVIEW OF TEMPORAL AND SPATIAL SCALING IN COASTAL
SCIENCE: INSIGHTS INTO NATURAL AND ANTHROPOGENIC
PROCESSES.
Terry A. Nelsen, National Oceanic and Atmospheric Administration
An established body of scientific evidence indicates that environmental studies
of local areas require a regional perspective in order to best evaluate the natural
systems we wish to understand. Such studies are not bounded by geography or
the origin (i.e. natural vs anthropogenic) of the processes and changes we wish
to define, nor the discipline (i.e. biological, chemical, physical et cetera) of
interest.
One of the largest-scale examples of regional significance for North America is
the Mississippi River which drains approximately 41% of the continental United
States and thus integrates the influences of nearly half of the United States into a
point source as it enters the Gulf of Mexico. Evidence of this integration
potential first emerged in a study of pollutant Pb measured in the Mississippi
Delta near-shore continental-shelf sediments (Trefry et al., 1985). In brief, the
results indicated a strong positive co-variation between the U.S. consumption of
gasoline-based Pb and pollutant Pb in the Delta’s sediment (Figure 1) thus
providing an initial indication of regional linkage to local observations.
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Figure 1. Correlation between consumption of Pb for U.S. gasoline products and
pollutant Pb in the sediment record near the mouth of the Mississippi River.
Nearly a decade later, in a subsequent study aimed at understanding the
enhancement of nutrients in the northern Gulf of Mexico (Estuaries, V. 17, No.
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4, Dec., 1994) the Mississippi River again played a pivotal role in understanding
the exchange of anthropogenic materials (nutrients) from the continent to the
coastal ocean.
In a complex interaction between river-transported,
continentally-derived nutrients, coastal eutrophication, excess primary
productivity, and water-column conditions, seasonal hypoxia became a
significant feature of the northern Gulf of Mexico coastal ocean. As with
anthropogenic Pb a decade before, the sediments recorded nearly a century of
transition in the community composition and diversity of the benthic biological
record (foraminifera and ostracods). This was subsequently linked to the
fertilizer usage within the Mississippi River basin (Figure 2; Nelsen et al., 1994;
Blackwelder et al., 1996). Such trends are not specific to the United States but
rather are examples of a more global linkage between continents and the coastal
ocean (Nelsen, 1996).

Figure 2. Transition in (A) the community structure of the benthic foraminifera,
(B) the reduction in their specie diversity toward present, (C) and the usage of
commercial fertilizer in the United States.
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Within the session we will provide four examples of how larger-scale influences
can impact local studies. Although each will be for a specific region, the
concepts and methods are adaptable so as to not be site specific but rather be of
a generic applicability. These will include two examples drawn from biological
studies (Hood et al.; Browder), chemical studies (Trefry, metal contamination)
and physical processes including rising sea level (Wanless).
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IDENTIFYING MULTIPLE STRESSORS IN THE COASTAL OCEAN:
THE ROLE OF MICROFAUNA IN DISCRIMINATING BETWEEN
NATURAL AND ANTHROPOGENIC INFLUENCES
Terri Hood1, Carlos Alvarez-Zarikian1, Patricia L. Blackwelder1,2, Terry A.
Nelsen3, Peter K. Swart1, and C. Featherstone3
1

Rosenstiel School of Marine and Atmospheric Science, University of Miami
2
NOVA Southeastern University
3
NOAA/Atlantic Oceanographic and Meteorologic Laboratories

Selected groups of microfauna (benthic foraminifera and ostracods) living in and
on sediments are utilized to assess spatial and temporal changes in conditions in
the coastal environment. Their small size allows characterization of entire
communities over century-long time scales from core samples. Times of
environmental stress are indicated by decreases in abundance and diversity, as
well as by dominance of “survivor” species. Causal relationships are
determined using a number of lines of evidence. These include temporal
correlation with human activities and natural events, as well as comparison with
sedimentological and chemical information from the same core samples. Other
aspects of the microfaunal communities that help to define the nature of the
environmental stressors include species tolerances/preferences (determined from
surface sediment data), information recorded in shell chemistry, and individual
shell morphology. The duration and intensity of events which produce
environmental stress, such as low oxygen (hypoxia) and salinity fluctuation, can
be ascertained using these methods.
In the northern Gulf of Mexico, this approach is used to determine the temporal
evolution of hypoxic conditions caused by fertilizer runoff from the Mississippi
River (Nelsen et al, 1994; Blackwelder et al, 1996; Alvarez-Zarikian et al., this
volume). Recent observations on the Louisiana continental shelf report
increasing incidence and severity of seasonal bottom-water hypoxia (<2 mg/l
O2) (Rabalais et al, 1991). Rising levels of nutrient concentrations in the
Mississippi River, with corresponding increased seaward fluxes (Bratkovich and
Dinnel, 1992) are implicated. Unfortunately, neither data set is of sufficient
duration to chronicle the evolution of hypoxic conditions. The goal of this
study is twofold: first, the identification and discrimination of hypoxia from
other co-occurring stressors using present-day surface sediment microfaunal
communities and indicator species. This data set is then used to interpret
temporal variation of microfaunal communities in a sediment core recovered
from an area of chronic hypoxia, representing the turn of the century to present
(1991) (Figure 2). In the surface sample data set, community diversity and
richness/evenness analyses indicate three regimes: high stress (plume-sediment
dominated), intermediate stress (hypoxia dominated), and low stress (low
sediment accumulation/high oxygen). Species and assemblages characteristic of
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each regime are identified. In the sediment core, hypoxia-tolerant assemblages
increase markedly upcore, while hypoxia-intolerant species decrease or
disappeared completely from the site (Figure 3). Trends and inflection points in
the diversity and dominance indices are observed to temporally correspond to
those of recorded fertilizer application in the United States (Figure 3). The
combined data set suggests that seasonal hypoxia began in the area around 1940,
increasing in frequency/intensity until about 1960. It has subsequently
remained a dominant coastal ocean feature in the northern Gulf of Mexico until
the present.
In Florida Bay, the combination of shallow water and monsoon-type rainfall
creates much greater environmental variability than in the northern Gulf of
Mexico. Natural stressors include hurricanes and droughts. An anthropogenic
stressor under study is variation in delivery of fresh water into the bay due to
water management practices in South Florida over the last 60 years. In the last
decade, seagrass dieoffs, algal blooms, and hypersaline events in Florida Bay
have led to the hypothesis that overall salinity is increasing, with South Florida
water management implicated as a causal factor (McIvor et al, 1994). A
combined surface sediment and core investigation was carried out to address this
hypothesis. Hurricanes are recorded in the cores to a greater or lesser degree,
depending upon the severity and path of the hurricane as well as the exposure at
the core site. They are typically indicated within the cores by disruptions in the
210
Pb and carbon profiles (Nelsen et al, 1994) (Figure 4). Hurricane-induced
sediment movement creates a microfaunal assemblage atypical for the site. For
example, in Oyster Bay, the 1960 sediment interval indicates movement of
continental shelf species into Oyster Bay (Figures 1 and 4). This is consistent
with the direction of last winds for Hurricane Donna at that location.
Discrimination between drought and South Florida water management effects is
more complex. The overall effect of diverting water flow eastwards into the
Atlantic Ocean and lowering water levels to prevent flooding is decreased fresh
water flow into the southern bays. Periods of decreased rainfall have a similar
effect; both can result in increased salinity in bay areas of restricted exchange
with adjacent marine waters.
Comparison of microfaunal community
characteristics with documented historical rainfall in the area shows a strong
coupling between the two at the mid-Florida Bay site, suggesting that salinity in
this area is largely dependent on rainfall. This is in contrast to what is observed
at the Oyster Bay site, which directly receives the majority of Everglades water
flow via Shark River Slough. Here rainfall-microfaunal coupling is not as
obvious; in particular, the microfauna in the post-1970 period exhibit
community changes temporally decoupled from and of greater magnitude than
rainfall changes. Instead, temporal correlation is observed with changes in
South Florida water management policies (Figure 5). Oxygen isotopic analysis
of foraminifer tests and ostracod valves indicate pronounced
drought/evaporative conditions at the site during the “Rainfall Plan” of water
management, even though rainfall was no less than during the previous
“Monthly Allocation Plan” period. Overall microfaunal community trends
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suggest that the “Monthly Allocation Plan” mitigated drought effects at the
Oyster Bay site , while the “Rainfall Plan” exacerbated them.
The current focus of our research group is the identification of ways that the
microfauna can be used as indicators of short-term variability in environmental
conditions within a historical context. For example, has the salinity at a site
become more variable over time? The morphology and shell chemistry of
ostracod valves potentially record site variability. Valves are typically formed
in hours, and thus provide “snapshots” of ambient environmental conditions.
We have determined that the ostracod Cyprideis salebrosa systematically
changes the shape of its sieve-pores in response to salinity, and that valve
populations can be used to estimate mean salinity and, more importantly,
salinity variability (Figure 6). Understanding and predicting salinity variability
in coastal settings is of increasing importance in the context of anthropogenic
activities and associated effects on global climate change.
References
Blackwelder, P., T. Hood, C.A. Zarikian, T.A. Nelsen, and B. McKee (1996)
Benthic foraminifera from the NECOP study area impacted by the Mississippi
River plume and seasonal hypoxia. Quaternary International 31: 19-36.
Bratkovich, A. and S. Dinnel (1992) Lower Mississippi River historical
nitrate flux and Mississippi River outflow buoyancy flux. In: Nutrient
Enhanced Coastal Ocean Productivity: NECOP Workship Proceedings, NOAA
Coastal Ocean Program, pp. 37-42. Texas A&M Sea Grant Publ. Number
TAMU-SG-92-109, College Station, Texas.
Mc Ivor, C.C., J. A. Ley and R.D. Bjork. 1994. Changes in freshwater inflow
from the Everglades to Florida Bay including effects on biota and biotic
processes: A review, p. 117-146. In S.M. Davis and J.C. Ogden (eds.).
Everglades: The ecosystem and its restoration. St. Lucie Press, Delray Beach,
Florida
Nelsen, T.A., P. Blackwelder, T. Hood, B. McKee. N. Romer, C. AlvarezZarikian, and S. Metz (1994) Time-based correlation of biogenic, lithogenic,
and authigenic sediment components with anthropogenic inputs in the Gulf of
Mexico NECOP study area. Estuaries 17: 873-885.
Nelsen, T.A., H.R. Wanless, J.H. Trefry, C.A. Zarikian, T. Hood, P.
Blackwelder, P. Swart, L. Tedesco, W-J. Kang, S. Metz, G. Garte, C.
Featherstone, C. Souch, J.F. Pachut, M. O’Neal, G. Ellis. Linkages between the
South Florida peninsula and coastal zone: A sediment-based history of natural
and anthropogenic influences. In: Porter and Porter (eds), In Press.
Rabalais, N., E. Turner, W. Wiseman, and D. Boesch (1991) A brief
summary of hypoxia on the northern Gulf of Mexico continental shelf: 19851988. In: Tyson, R.V., and T.H. Pearson (eds), Modern and Ancient
Continental Shelf Anoxia, pp. 35-48. Geol. Soc. Spec. Publ. 58, Geol. Soc.,
London.

699

Figure 1: Location map for Florida Bay/Lower Everglades NOAA
Retrospective study (OB = Oyster Bay core, JK = Jimmy Key core).

Figure 2: NOAA/NECOP (Nutrient-Enhanced Coastal Ocean Productivity)
study area, northern Gulf of Mexico (Legend: number of years per 9 that site
experienced hypoxia).
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Figure 3: NECOP core 10, in an area of chronic hypoxia. A) Fertilizer application in the
United States during the 20th century. B) Core 10 Shannon-Weiner (SWDI) and
Simpson (SDI) diversity indices for benthic foraminifera. C) Relative percentages of
hyaline, porcellaneous, and agglutinated benthic foraminifera.
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Figure 4: Hurricane-related signals in the upper portion of the Oyster Bay core (Florida Bay study).
A) 210Pb profile (open circles are intervals associated with hurricanes/tropical storms). B) Organic
carbon content. C) Percent continental shelf benthic foraminifer species.
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Figure 6A) Cyprideis salebrosa sieve-pore shape and salinity (South Florida).

Figure 6B) Valve sieve-pore distributions from a constant low salinity site (dark
circles, Avocado Creek, 0-5 ppt) and a variable salinity site (light circles,
Whitewater Bay, 5-30 ppt).
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THE WATERSHED APPROACH TO MAINTAINING FISHABLE
STOCKS
Joan A. Browder, Southeast Fisheries Science Center , National Marine
Fisheries Service/NOAA

Introduction
Loss or degradation of estuarine habitat may be equal to, or more important
than, fishing pressure in the loss of fishery production. However the problem
and threat is poorly recognized outside of the salmon fishery. In the Gulf of
Mexico roughly 95% of fishery production is estuarine dependent, involving
fishery species that spend all or a part of their life cycle in estuaries. Estuaries
provide essential nursery habitat for many coastal species, including those that
spawn—and are harvested—outside the estuary.
Freshwater inflow is a key factor in establishing the condition of estuarine
nursery grounds. Freshwater inflows bring nutrients, biologically active
dissolved organic compounds, and organic detritus to the estuary. They also
provide a dilution factor that sets estuaries apart from the ocean in terms of
salinity. Salinity is a very important physiological factor that influences
distributions of both plants and animals (e.g., see Kinne, 1971). While estuarine
species are tolerant of a wider range of salinity than are tolerated by oceanic
species, few species are tolerant of the full range of salinity found in estuaries.
Rather, there are assemblages of species associated with each salinity zone.
Salinity is only estuarine variable that is important to species distribution and
abundance. Shoreline configuration, depth, bottom type, and bottom cover also
can be important, particularly to demersal species.
Estuarine production may be a function of the area of overlap of favorable
salinity with favorable shoreline or bottom habitat (Browder and Moore, 1981;
Browder, 1991). The quantity and timing of freshwater inflow determines
whether the spread of salinities across an estuary is broad or narrow and the
rapidity of salinity change over time. Furthermore, the amount of freshwater
inflow determines where the salinity range that is favorable to any given species
is positioned in relation to other aspects of habitat required by that species (e.g.,
shoreline configuration, bottom type). The habitat quality of an estuary must be
dependent upon the spatial matching of the favorable salinity range with
shoreline or bottom features that also are favorable.
When the freshwater flow regime of an estuary is changed by water
management and a shift in isohalines occurs, the area of overlap between
favorable salinity and favorable habitat may be reduced or even eliminated. For
example, an increase in flows may shift the 5-18 ppt salinity range offshore,
away from shoreline features needed by a species association. On the other
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hand, a reduction in freshwater flow may bring the 30-36 ppt salinity range into
tidal creeks, which are inappropriate for the species requiring tidal creek habitat.
Change in freshwater inflow probably is the most underrated cause of loss or
degradation of estuarine habitat. Inflow changes take place in the watershed,
sometimes remote from where the impact is felt. Canal construction, wetland
drainage, dam construction, urbanization, other land development, and forest
clearing are probably the most common causes of change in freshwater inflow.
The quantity and timing of freshwater inflow to estuaries has been altered
throughout the Gulf of Mexico.
The problem of freshwater flow alteration is of particular concern in South
Florida, where drainage and flood control projects include the massive Central
and Southern Florida Project (C&SF Project), constructed by the U.S. Army
Corps of Engineers and operated by the South Florida Water Management
District. The environmental degradation associated with the C&SF Project, now
more than 50 years old, is widely recognized. Currently the Corps and the
District are leading a multi-governmental and multi-agency effort to reconfigure
the system to make it more ecologically friendly. Reestablishment of a more
natural freshwater flow to Florida Bay is one planning objective.
Large parts of Florida Bay can become hypersaline and can stay that way for
several years. These parts of the bay are very sensitive to loss of freshwater
inputs. Hypersaline conditions render this part of the bay poor habitat for many
species. Only a few species are found under extreme hypersaline conditions.
The central part of Florida Bay is the most prone to hypersalinity, but
hypersaline conditions can spread from there to the western and eastern part of
the bay and even extend into the southwestern part of the bay. The species that
are displaced from hypersaline areas cannot necessarily find suitable habitat
somewhere else because bottom characteristics differ from one part of the bay to
another.
Ecological indicators are being used in the effort to redesign the C&SF water
management system. Pink shrimp, Farfantepenaeus duorarum, is being used as
an indicator of the ecological health of Florida Bay. Pink shrimp is an example
of a fishery species that is harvested offshore and yet dependent upon estuaries.
Major nursery grounds for pink shrimp are found in Florida Bay and the
mangrove estuaries of Florida’s southwest coast. The fishery experienced a
serious decline beginning in the 1980s and continuing into the 1990s (Sheridan,
1996; Ehrhardt and Legault, 1999).
Associations of pink shrimp have been found with both habitat and freshwater
inflow. Sheridan (1992) found that pink shrimp densities are greater in seagrass
beds than in mangrove or bare-bottom areas. Robblee (1991) confirmed this
relationship and also found that pink shrimp densities in Florida Bay are greater
near islands or on banks than in basins. Browder (1985) found a statistically
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significant relationship between pink shrimp landings and an index of freshwater
inflow to the coast from the Everglades. Subsequently, Sheridan (1996)
successfully predicted annual pink shrimp landings from the Tortugas using
various freshwater flow indices. Pink shrimp was selected as a biological
indicator species based on this work.
Pink shrimp is an appropriate performance indicator for several reasons. Pink
shrimp is one of the highest valued fisheries in Florida in terms of ex-vessel
value, and most of the landings come from the Tortugas grounds. Pink shrimp
are important in the ecosystem, as well as in the economy, because they are a
major prey for gray snapper and other gamefish species. In addition, they are a
prey of Great White Herons, Little Blue Herons, and other wading birds that
feed on the shallow banks in Florida Bay. Pink shrimp is considered an annual
crop because individuals seldom live more than one year. A long database
exists for observation and analysis of this species. Catch and effort data for this
fishery have been collected by the National Marine Fisheries Service (originally
the Bureau of Commercial Fisheries) since 1960, just a few years after the
fishery started.
New research to support the use of pink shrimp as a biological indicator has
been in progress for several years. Empirical relationships between pink shrimp
catch rates and freshwater input variables have been developed for immediate
use in the restoration effort. Both the empirical performance measure models
and research results will be briefly described.
Performance Measure Models
Two empirical models for pink shrimp performance measures have been
prepared so far: (1) to assess results of restoration efforts, and (2) to select
among design alternatives.
Interpretation of Monitoring Data
As the new configuration for the C&SF Project is implemented, the scientific
community will be monitoring its effects, much like periodic checkups in which
the doctor listens to the heart and takes the pulse of his patient. Performance
measures are the “vital signs” by which scientists periodically determine the
well being of the ecosystem. Tortugas catch rate, or catch per unit of effort, was
the variable selected as the appropriate performance measure for pink shrimp.
Catch rate is viewed as a rough approximation of abundance in fishery species.
In South Florida, one problem with assessing the effect of water management by
means of monitoring performance measures is that most performance measures
can be influenced by rainfall, which varies from one year to the next, as well as
by water management. Therefore, in determining effects, it is important to have
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a means of taking rainfall variation and its effects into account. The approach
used for pink shrimp is an example of one way in which this can be done.
An empirical model was prepared based on a statistical relationship between
pink shrimp catch rates and rainfall determined from the long-term record. The
model was used to predict annual average catch rates for a year beyond the data
used in developing the model. Confidence limits around the prediction were
used to determine whether the difference between the observed value and the
predicted value was significant. Then the difference between the model
prediction and observed average annual catch rates was calculated. The
following ratio is the annual index of performance:
(Predicted – Observed)/ Observed
A number greater than 1 was the target.
A general linear modeling approach was used to develop models relating catch
rates to rainfall for two size classes, recruits (small, < 68-count shrimp) and the
remainder of the catch (large shrimp). Annual average catch rate was calculated
for biological years from July through June. Data for the 31-yr period 1964-65
through 1994-95 were used in the analyses. The independent variables were
monthly total rainfall at Royal Palm Hammock in Everglades National Park for
each of the months of the preceding calendar year (e.g., 1964-65 annual catch
rate was examined in relation to monthly rainfall for each of the months January
through December, 1964). The rainfall data for each year overlaps with the
biological year with which it is matched in the analysis, but lags the start of the
biological year by as much as 6 months. The independent variables were
standardized around the mean for this analysis so that the regression coefficients
would be comparable. Then the months with the lowest regression coefficients
were excluded from the analysis and a new model was prepared. A dummy
variable that distinguished the years 1981-1995 from the earlier years was used
for the small shrimp equation and a dummy variable that distinguished the years
1982-1995 was used for the large shrimp equation. The dummy variables may
approximate a change in fishing habits associated with a change in the market
around the beginning of the 1980s. On the other hand, it may represent some
unknown environmental variable affecting shrimp abundance or catchability.
The resulting models explained 89% (small) and 76% (large) of the variation in
catch rate. The effect of rainfall on catch rate was positive for some months and
negative for others, suggesting that timing of rainfall is important. Predictions
were made for the biological year 1995-1996 and compared to observed average
catch rates for that year. The observed catch rate was within the 95%
confidence range boundaries for the large shrimp but, for small shrimp, was
outside these boundaries in a positive direction. This suggested improvement in
catch rate (~ abundance) greater than that expected on the basis of rainfall alone.
Although none of the planned structural changes in the C&SF system had been
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made by 1995-1996, operational changes may have occurred that improved the
performance of the system relative to pink shrimp. On the other hand, changes
not due to rainfall could be due to variation in some unknown environmental
variable not accounted for by our dummy variable.
Evaluation of Alternative Configurations of the C&SF System
A second empirical model was prepared to evaluate the simulation output of
hydrologic models used to compare alternative proposed configurations of the
system. The new model related Tortugas pink shrimp catch rates of small shrimp
to releases of fresh water into Everglades National Park at its northern boundary,
which is immediately downstream from the leveed Everglades Water
Conservation Areas.
General linear modeling techniques were used to develop the alternative-testing
model. The model used in alternative testing explained 92% of the variation in
average annual catch rate. Total monthly water releases for several months
explained over 57% of variation in catch rate. The rest of the explained variance
was due to other variables. These included large shrimp catch rates the previous
year, average monthly Key West air temperature (as a proxy for water
temperature) for several months. The relationship between catch rate and water
flow was positive for some months and negative for others, suggesting that
timing as well as volume is important.
Pink Shrimp Research
Pink shrimp research in Florida Bay is organized around a computer model that
simulates recruitment from the Bay as the outcome of growth and survival, as
influenced by temperature and salinity.
The research has had two major
components: model simulations and laboratory experiments on growth and
survival.
Simulation Model
The working hypothesis of the simulation modeling effort is as follows. Salinity
patterns differ substantially from one part of the bay to another and from year to
year within any one area. Therefore, the number of recruits produced per unit
area of bay bottom can vary to the extent that growth and survival are influenced
by salinity and temperature. We predicted that substantial site-to-site and yearto-year variation in recruitment from Florida Bay could occur. Temperature as
well as salinity was included in the model because temperature has a known
effect on both growth and survival and also because there might be synergistic
effects of salinity and temperature on growth and survival. We had only limited
data concerning the effects of salinity and temperature on growth and survival
when we developed the model and ran our simulations. We have later acquired
more comprehensive data, but have not yet incorporated it into the model. Our
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initial simulations were limited to a temperature effect on growth and effects of
both temperature and salinity on survival. We projected beyond the range of our
data.
Simulation results confirmed our prediction that potential recruitment could
differ substantially from site to site and year to year. In our first set of
simulations, we predicted potential recruitment for three years from 12 different
parts of the bay. We ran the model using the local temperature and salinity data
specific to each region. Recruitment per unit area of bay bottom differed over a
million-fold from one bay region to another. The difference among bay region
was even more pronounced when their total areas were taken into account.
Consideration of differences in area of favorable bottom habitat among the parts
of the bay further increased the disparity. We concluded that recruitment was
likely to be important from only three parts of the bay—two in particular
seemed appropriate for further study: the western bay and the central bay. Most
interestingly, the year to year variation in potential recruitment from the central
bay was enormous, ranging from less than 10 million weight units harvested in
1994 to almost 70 million weight units harvested in 1995. (It is inappropriate to
express the harvest in terms of pounds or kilograms because it is hypothetical
and not scaled to actual harvests.)
In a later simulation effort, we simulated potential recruitment from the western
and central parts of the bay over a 9-year period (working with a summer cohort
only). The sharp year to year differences in recruitment from the central region
was repeated in the longer simulated time series, as was the more stable
recruitment from the western region.
Growth and Survival Experiments
Since running our simulations, Zoula Zein-Eldin in the Galveston Laboratory of
the National Marine Fisheries Service has conducted experiments on growth and
survival over a range of temperatures and salinities involving more than 1200
young shrimp, each maintained in its own beaker with oxygen and food
supplied. The experiments covered the entire range of salinity and temperature
found in Florida Bay and nearby embayments. These later experiments
confirmed our earlier observation that 30 ppt was the optimum salinity for pink
shrimp survival. We also learned that 30 ppt was the optimum salinity for pink
shrimp growth. The sensitivity of both growth and survival to salinity was
temperature-dependent. Total length also affected survival and growth. New
simulations will be run with the relationships developed from these data.
Search for Confirmation
The earlier work of Browder (1985) and Sheridan (1996), together with our
biological indicator analyses suggest that freshwater inflow to Florida Bay
influences recruitment to the Tortugas fishing grounds. Our simulation model,
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in combination with our laboratory experiments, suggests that salinity in Florida
Bay affects recruitment to the Tortugas fishery. It seems that the probable way
in which fresh water inflow affects pink shrimp recruitment is through its effect
on the salinity regime in Florida Bay. To gain more evidence that this might be
the case, we examined pink shrimp recruitment in relation to observed salinity in
the western and central bay. The time series was very short compared to that we
had for relating recruitment to rainfall and water releases to Everglades National
Park, however we did find a weak, but significant, relationship between monthly
recruitment and time-lagged monthly average salinity in both cases.
Watershed Approach
Other fishery species also are affected by conditions in Florida Bay and other
South Florida estuaries. By becoming involved in the South Florida restoration
effort, fishery scientists are taking a watershed approach to improving fishery
habitat. The South Florida example will hopefully promote sustainable fisheries
and will provide inspiration for further involvement in watershed management
by fishery scientists and managers.
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THE INFLUENCE OF BASIN-SCALE PROCESSES ON SEDIMENT
METAL CONTAMINATION
John H. Trefry, Division of Marine & Environmental Systems
Florida Institute of Technology
Introduction
Contaminated sediments are a continuing hazard to the health of our coastal
environment. The severity of such contamination is, in part, a function of the
magnitude of anthropogenic inputs relative to the basin-wide delivery and
dispersion of sediment. When available, quantitative information for both
sediment and contaminant inputs to a coastal area (i.e., a source term) can help
us to predict the degree of contamination. This predictive capability is improved
and validated with knowledge about the uptake and transport of contaminants by
suspended sediment and subsequent deposition patterns (i.e., a sink term).
Regional-scale information about natural and anthropogenic processes in a
drainage basin and the corresponding depositional environment can help with
choices of future management or monitoring strategies. Sometimes, in the
absence of detailed, up-to-date information on anthropogenic sources and sinks,
retrospective analysis or careful use of limited data can provide the desired
broad perspective on sediment contamination.
This paper discusses use of basin-scale conceptualization to help evaluate,
predict and manage sediment contamination from trace metals. No specific
model for the evaluation process is given here; rather, a variety of concepts,
sample calculations and personal experiences are shared. Such thinking is
certainly not new; however, the process can be continually improved by the
lessons that we learn from new data and examples. A certain degree of
flexibility is inherent in this approach, as no two systems are the same. A
primary theme of this paper is to use source and sink concepts to help formulate
answers to a variety of scientific and management questions.
Three different case studies are presented here to promote discussion. Each
example highlights a somewhat different perspective in the overall
conceptualization process. In the first case study of lower Cook Inlet and
Shelikof Strait, Alaska, reasonably current information for sediments and trace
metals are available for the source and sink terms; thus, a strong predictive
capability is possible. In the second case study of the Mississippi River and
delta, a rich information base exists for sediment transport. However, detailed
data for anthropogenic inputs to the river are more difficult to compile due to the
size, diversity and varied activities of the drainage basin. Thus, the source-sink
concepts are developed in this case using metal values for river suspended
sediment, coupled with retrospective analysis of deltaic sediments. Finally, the
third case study of Manatee Pocket, Florida, considers the more common
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situation of a small drainage basin with little data for either the source or sink
terms. Here, retrospective analysis provides one useful approach to piecing
together a regional picture.
Predicting and Validating Sediment Metal Concentrations in Lower Cook
Inlet and Shelikof Strait, Alaska
Lower Cook Inlet and Shelikof Strait, Alaska, lie down current of the
municipality of Anchorage and offshore oil platforms that have been in
operation in upper Cook Inlet since the early 1960s. Our 1997-99 study was
funded by Minerals Management Service (MMS), U.S. Department of Interior,
to identify the magnitude and historical record of metal and organic
contaminants in area sediments. Such information is needed to make sound
management decisions with regard to future oil and gas development. Data
from our literature reviews, field surveys, laboratory analyses and subsequent
interpretation (Boehm et al., 2000) are used to formulate the basin-scale
perspective.
Approximately 70 x 106 metric tons of sediment per year are transported to
lower Cook Inlet and Shelikof Strait and deposited over an area of about 22,000
km2. The primary sediment source is the Susitna, Knik and Matanuska river
system with a drainage basin of ~59,000 km2. Additional sediment is derived
from the Copper River (total drainage basin = 63,000 km2 with an estimated
contribution of 10-20% from the sediment load of the Copper River to Shelikof
Strait). Natural inputs of trace metals were calculated using the chemical
composition of suspended sediment and flow data for the four main rivers,
upstream of potential anthropogenic inputs (Table 1). This information was
obtained from several sources including the U.S. Geological Survey (USGS),
the National Oceanic and Atmospheric Administration (NOAA) and the U.S.
Environmental Protection Agency. Annual discharges of contaminants were
calculated from compilations in environmental impact statements and data
associated with permits for discharging effluents. Data for anthropogenic inputs
in this study area were more readily compiled because of the smaller number of
significant sources for metal contaminants relative to a drainage basin like that
of the Mississippi River. The resulting summary (Table 1) provides a first-order
comparison of natural versus anthropogenic inputs of metals to the study area.
The source information in Table 1 can be used to predict which metals have the
greatest potential to yield a detectable anthropogenic component in the
sediments of Shelikof Strait. For example, to observe a 1% increase in Pb levels
in area sediments (i.e., to increase natural Pb levels in sediment from 13 to ~13.1
µg/g), 17 metric tons of anthropogenic Pb must be introduced annually.
Estimated inputs of anthropogenic Pb to that area from municipal and industrial
sources are about 2 tons per year. Therefore, the likelihood of finding sediments
contaminated with Pb in lower Cook Inlet and Shelikof Strait is low, assuming
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that the sediment/contaminant load is well mixed and somewhat evenly
dispersed, as discussed below.
Table 1. Inputs of sediment metals to lower Cook Inlet and Shelikof Strait
(details in Boehm et al., 2000).
Metal
Natural Inputs
Anthropogenic
Anthropogenic Inputs
Inputs
Required for a 1% Increase in
Sediment Conc.
(metric tons/y) (metric tons/y)
(metric tons/y)
As

1000

0.5

10

Ba

30,000

1700

300

Cd

150

0.5

1.5

Cr

6000

2

60

Cu

2600

6

26

Hg

10

0.04

0.10

Pb

1700

2

17

Zn

6600

6

66

Present-day inputs of anthropogenically-derived metals also account for <1% of
natural inputs for other metals with the exception of Ba (Table 1). Based on
these results alone, we would predict that sediment in Shelikof Strait is unlikely
to be contaminated with As, Cd, Cr, Cu, Hg or Zn. In the most extreme case,
Ba, the data suggest a 6% increase in natural levels of Ba. However, with
natural Ba levels of 860 ± 50 µg/g, such an increase would be difficult to
identify.
The field and laboratory results from our study can help validate the data in
Table 1. Our results show that sediment deposited in lower Cook Inlet and
Shelikof Strait are well mixed during transport from upper Cook Inlet and
accumulate at rates ranging from 0.1 to 1.3 cm/y. No record of Pb enrichment
above natural levels was found in area sediments over the past 100 years with
sediment Pb concentrations from 14 cores averaging 13 ± 1 µg/g. Results for
other metals in ~100 surface samples and ~150 sub-surface samples show
similar trends of relatively uniform concentrations (±10-20%) and metal/Al or
metal/Fe ratios. No localized hot spots for metals were observed in the study
area. Thus, in lower Cook Inlet and Shelikof Strait, the perspective provided by
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the source data is consistent with field results, showing no detectable levels of
anthropogenic metals in area sediments.
A variety of scientific and management questions may be answered within the
context of the conceptualization discussed above. For example, a key question
during the recent MMS study was, “Have sediments from lower Cook Inlet and
Shelikof Strait been contaminated with metals by area activities during the past
40 years?” In addition to being able to answer “no,” the reason for this answer
can be ascribed to the very high natural sediment load relative to low inputs of
anthropogenic metals. A possible follow-up question is, “What future
monitoring strategies should be established?” First, continued monitoring of
anthropogenic loading to the system (i.e., a source term) via discharge records
seems valuable because we now have a sense of what metal levels the system
can assimilate. Second, long-term monitoring of sediment in lower Cook Inlet
and Shelikof Strait for metals can be significantly reduced in scope with respect
to metals, sites and periodicity. Overall, contaminant inputs now can be tracked
with a better understanding of downstream implications. One possible misuse of
this new information is to say that the large sediment loads of this Alaskan
system can assimilate more contaminant metals. However, such decisions about
regulating or increasing anthropogenic inputs must be based on a variety of
other factors (e.g., the dissolved metal fraction, seasonal aspects, etc.), in
addition to including a reasonable margin for error. As more complex questions
arise, the source-sink concepts provide a valuable framework from which to
build future answers.
Tracking Basin-Scale Inputs of Contaminant Metals to the Mississippi
River and Adjacent Gulf of Mexico
A basin-scale perspective for the Mississippi River system and adjacent areas in
the Gulf of Mexico is more complex than that described above for Cook Inlet
and Shelikof Strait. However, the U.S. Army Corps of Engineers and the USGS
carefully monitor water and sediment flow in the Mississippi River system,
thereby providing a good database for transport. Estimates for inputs of
contaminant metals are more elusive due to the very large number of point and
non-point sources throughout the system. Thus, a somewhat different, but still
useful, approach to obtaining a basin-scale picture can be developed. In this
case, the flow data, when coupled with available chemical concentrations for
river water and suspended sediment, can be used to calculate and track basinwide inputs of contaminants from all sources combined, as described below.
The Mississippi River system drains about 43% of the contiguous United States
(drainage basin = 3.2 x 106 km2) and carries an average of 140 x 106 metric tons
of suspended sediment per year. Thus, sediment transport via the Mississippi
system is only double that described for the Alaskan system; however,
dispersion of Mississippi River sediment is over an area >200,000 km2, ~10
times greater than the depositional area in Alaska. The Gulf of Mexico also has
>2000 oil platforms as potential point sources of metal contamination.
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In terms of an example, the case for Pb is simplified because >95% of the Pb
load of the Mississippi River system is carried by suspended sediment and Pb is
not subject to significant diagenetic remobilization in bottom sediment.
Previous data from National Science Foundation (NSF) and NOAA sponsored
research (Trefry et al., 1985) showed that anthropogenic Pb concentrations in
Gulf of Mexico sediments could be determined from total Pb concentrations by
subtracting the value for natural levels based on the Pb/Al ratios from pre-1850s
sediment [{Anthropogenic Pb in sediment = Total Pb – (Pb/Al)1850 x Total Al}
where natural Pb/Al = 2.5(±0.2) x 10-4 and typical pre-1850s Pb levels were ~20
µg/g]. The expression for determining concentrations of anthropogenic Pb also
can be applied to river suspended sediment. Then, anthropogenic Pb levels for
river particles can be used to calculate river burdens of anthropogenic Pb using
available data for sediment transport.
In lieu of basin-scale data for anthropogenic inputs from various sources, we can
try to identify trends and make interpretations for selected metals based on the
data in Table 2. For example, the 40% reduction in the anthropogenic Pb load
of the Mississippi River noted during the early 1980s (Trefry et al., 1985) has
continued such that estimates for the early 1990s show ~70% decline since the
mid-1970s. This decline still follows a trend matching the decreased use of Pb
as a gasoline additive. A similar decline in transport of anthropogenic Cd also
can be demonstrated with the available data (Table 2).
Table 2. Inputs of Pb and Cd to the Gulf of Mexico from the Mississippi River.
Values for U.S. consumption of Pb in gasoline additives and total Cd are from
the U.S. Bureau of Mines (1972-93).
Years

197475
198283

Anthropogenic
Pb Transported
by Miss. R.

Gasoline Pb
Consumption
in U.S.

Anthropogenic
Cd Transported
by Miss. R.

U.S. Total
Consumption
of Cd

(metric tons/y)

(metric tons/y)

(metric tons/y)

(metric tons/y)

3600

210,000

180

4700

2100

104,000

90

3700

1100

<20,000

40

3300

199092
Collectively, this information provides strong validation of U.S. regulations and
practices that improve sediment quality with respect to these two metals. The
results in Table 2 also reinforce the value of taking the pulse of large systems at
regular intervals. A similar approach to tracking anthropogenic Pb inputs to the
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North Atlantic Ocean has been followed by Boyle et al. (1994). Their results
show a four-fold decrease in Pb levels in surface waters of the North Atlantic
Ocean during the 1980s. Confirmation of best-management practices on a
regional scale is one valuable product of the overall process being discussed
here. However, a variety of other questions can be addressed using the
information that comprises the source-sink database.
The Small Contaminated Basin of Manatee Pocket, Florida
A detailed data set for sediment and contaminant sources or sinks often is not
available for small coastal basins.
Nevertheless, a regional-scale
conceptualization sometimes can be reconstructed through retrospective analysis
of the sedimentary record. For example, detailed source and sink data are not
available for Manatee Pocket, located on the southeastern coast of Florida.
Manatee Pocket spans only ~0.23 km2 and is fed by several small creeks with a
sill at the distal end of the system where it empties into the lower St. Lucie River
and the Indian River Lagoon. This small embayment is a very efficient trap for
incoming sediment. As part of a study funded by the South Florida Water
Management District (Trefry et al., 1992), the depth of fine-grained sediment
was determined for about 60 sites using a simple probe technique. Then,
sediment cores were collected from 12 locations for chemical analysis and agedating.
The total amount of organic-rich, fine-grained sediment in Manatee Pocket was
calculated to be 0.18 x 106 metric tons from detailed maps and sediment depth
information. This deposition occurred during the past 100+ years with an
average deposition rate of about 1500 metric tons per year since 1950, based on
data for excess 210Pb and 137Cs. Sediment metal contamination was found only
in the top layers of sediment deposited since about 1950 (Figure 1).
Concentrations of anthropogenic Pb in these recent sediments averaged about 30
µg/g, yielding a total annual input of ~0.045 metric tons (45 kg) of
anthropogenic Pb. This annual load of anthropogenic Pb is 40 and 24,000 times
less than calculated for Shelikof Strait or the Mississippi delta, respectively.
However, based on concentrations of anthropogenic Pb in the sediment, the
severity of contamination in Manatee Pocket, at 30 µg/g, is considerably greater
than levels for anthropogenic Pb of <1 and ~7 µg/g, for the Alaskan and
Mississippi River systems, respectively. On the positive side, some indication
of lower Pb levels was found in sediments deposited in Manatee Pocket during
the past 20 years, similar to observations made for the Mississippi delta.
Concentrations of Hg (Figure 1), Cd, Cu and Zn in sediments from Manatee
Pocket follow a similar trend to that described for Pb (Trefry et al., 1992).
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Figure 1. Vertical profiles for levels of Pb, Hg and 137Cs in sediments from
Manatee Pocket, Florida.
Retrospective analysis shows that Manatee Pocket has a long history of heavy
loading of organic-rich sediment; however, the incoming sediments have been
burdened with metal contamination only since the 1950s. Some recent signs of
lower metal loading are present. Should Manatee Pocket be dredged? What can
be done to prevent continued inputs of contaminated sediments? How should
future monitoring be carried out? The answers to these questions benefit greatly
from source-sink information. Only the top 30-50 cm of sediment need to be
dredged to remove metal contamination. Dredging to a deeper depth removes
the hydrogen sulfide-rich sediments; with the final decision on depth most likely
to be based on cost. Design of upstream dams and retention ponds can be more
practically formulated with knowledge of the magnitude of annual sediment
inputs derived from the retrospective analysis. Monitoring studies may best
focus on surface sediments at selected sites because sediment inputs are quite
periodic and very much related to storm events. Suspended sediment could be
monitored during storm events. The key point, however, is that we now know
the record of sediment and contaminant metal inputs and removals and can use
this information to guide future decisions.
Overview
The source-sink concept has been a fundamental part of marine geochemistry
and other fields of Earth science for several decades. Knowledge about sources
is essential to controlling future inputs of contaminants. Knowledge about sinks
for contaminants is essential to predicting potential adverse effects to target
organisms. A variety of solutions for obtaining and applying source-sink
information are available. Source data can be mined from discharge permits and
databases for rivers. Source data also can be collected through regular
monitoring of rivers and outfalls. At present, results from field collections and
laboratory analysis are required to develop a useful sink term. In all cases, the
final product, as related to the theme of this paper, is a record of the degree of
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sediment metal contamination on a regional scale over time. Sometimes, the
source data can show that sediments are unlikely to be contaminated.
Sometimes, the sink data can be used to reconstruct source information. The
case studies described here support the value of having source-sink data as a
starting point in providing or predicting answers to a variety of questions related
to both scientific and management issues on a regional scale. They also show
that a variety of different approaches and different data sets can be used to
compare natural with anthropogenic loading.
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ABSTRACT

STORM EVENTS AS INITIATORS OF COASTAL EVOLUTION IN
TIMES OF RISING SEA LEVEL
Harold R. Wanless, Geological Sciences, University of Miami
Lenore P. Tedesco and Bob E. Hall, Department of Geology, Indiana University
Purdue Univeristy
Major storm events are recognized not only to be damaging in their own right,
but also to set into motion significant steps of transgressive coastal evolution.
This is true for sand barrier islands, shallow marine sand and mud banks, coral
reefs, and coastal wetlands. Especially dramatic and illustrative is the historical
evolution of coastal mangrove communities. The dramatic increase in the rate
relative sea level rise that began about 1930 has resulted in about 25 cm of sea
level rise for south Florida to date. This has destabilized the coastal mangrove
communities and resulted in significant transgression: coastal storm erosion (to
100 m) and landward expansion (to 1 km) of the red, black and white mangrove
ecotones. The most serious historical loss to coastal mangroves communities,
however, is the extensive degradation and loss within forest complexes. In each
case, this interior degradation is initiated by a major (category 4 or 5) hurricane,
which severely damages the taller mangrove forests. In areas with a dominantly
mangrove peat substrate, post-storm decay products commonly kill off surviving
mangroves and severely inhibit the eventual recovery of the mangrove
community in the area. Rapid subsidence of the decaying root-peat beneath the
destroyed mangrove forest then lowers the substrate through the intertidal zone
at 2-4 cm/year. Unless the damaged site is very well flushed by tidal waters, the
interior intertidal mangrove community will not recover but evolve into subtidal
ponds and bays. Interior mangrove forests behind Highland Beach, Big Sable
Creek, Gopher Creek, and Oyster Bay are in increasing stages of marine
transgression from this storm initiated loss.
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Dredging and Natural Resource Protection:
Comments from the National Dredging Co-Chairs
The dredging of ports, harbors, and rivers is essential for maintaining navigation
safety and the economic well being of the United States. Dredging and disposal
of dredged material are conducted in or near some of the Nation’s most
environmentally sensitive areas such as coastal wetlands, estuaries and near
shore ocean waters. Maintenance and improvement of navigation projects
generate an estimated 300-400 million cubic yards of dredged material annually.
The placement of this dredged material has often become a contentious problem
involving conflicts among stakeholders and long project delays.
Dredging and dredged material disposal projects are subject to myriad state and
federal laws, affect the commercially important and highly competitive shipping
industry, and have potentially significant environmental impacts. Given these
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factors, it is not surprising that certain dredging and disposal projects have been
embroiled in controversy and prevented from moving forward, a condition
described as “mudlock.” Solutions to “mudlock” are requiring innovative
approaches at the federal, regional, state, and local levels, and a key to resolving
conflicts over dredged material placement often lies in using dredged material in
ways that benefit the environment.
Historically, many regulatory programs that govern dredging have attempted to
balance economic growth and national security with the economic and
environmental value of coastal resources. This is generally done on a case-bycase basis. It has become clear that these objectives are not mutually exclusive.
Early planning for environmental protection can ensure that economic
development can go forward in an effective and timely manner. The challenge
is to develop local, regional, and national mechanisms to facilitate the necessary
planning, coordination, and conflict resolution to get the dredging projects done
– projects which include both the dredging itself as well as the integrated
restoration/beneficial use projects.
Given the complexity of dredging and dredged material disposal issues and the
large number of stakeholders, the National Dredging Team (NDT), made up of
the federal agencies involved in the dredging process, has recognized that the
development of dredged material management plans and the planning and
implementation of projects to beneficially use dredged material must take place
within a process that involves all involved interests. In June 1998, the NDT
issued guidance to assist in the development of dredged material management
plans through the formation of Local Planning Groups. These Local Planning
Groups generally function within the context of the Corps dredged material
management planning process with a goal of developing implementable plans
for placement of dredged material that incorporates environmental
considerations and meets both navigation and environmental restoration and
enhancement objectives. Environmentally beneficial use of dredged material is
often the key to meeting these objectives.
Good planning is essential to the beneficial use of dredged material, but
financial resources are needed to move from planning to successful beneficial
use projects. Funding for beneficial use comes from the financing authorities of
the Corps in partnership with ports, state resource agencies or other non-federal
partners; grants from other federal agencies; state funding; or innovative private
and public financing partnerships. The Corps has the authority and funding to
use dredged material in environmentally beneficial ways from both new work
and maintenance dredging activities. If beneficial use is the least costly
environmentally acceptable disposal option (federal Standard or base plan),
federal navigation project funds can be used to accomplish the beneficial use
project. If the environmental use is not in the base plan, the Corps has the
authority, primarily under Section 204 of the Water Resources Development Act
of 1992, as amended, to cost share on a 75 percent federal and 25 percent non723

federal basis in the incremental costs of using dredged material to protect,
restore and create aquatic habitat. Other federal funding for beneficial use of
dredged material is available under the authorities of the Coastal Wetlands
Planning, Protection and Restoration Act.
The key to using dredged material in environmentally beneficial ways is
leadership. The leadership and vision for these efforts come from different
sources. This session is going to examine case studies that demonstrate multiple
perspectives on dredging issues and solutions and examples of cooperative
advanced planning in action.
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DEVELOPING A STATEWIDE DREDGING POLICY FRAMEWORK
FOR DELAWARE
Jennifer Reid, Delaware Coastal Programs

The Delaware Coastal Programs (DCP) are in the process of developing a
Statewide Dredging Policy Framework in order to address concerns related to
dredging practices and to improve the project review process. Over the past ten
years, the state (along with Pennsylvania and New Jersey) has been reviewing
the Philadelphia District Army Corps of Engineers’ proposal to deepen the
Delaware River Main Channel by five feet. Due to the magnitude of this
project, many inadequacies in the review process have been identified over this
time frame. In addition, there are significant cumulative impacts from smaller,
ongoing projects in the tributaries to the Delaware River and in the Inland Bays
region. This paper will describe the motivation behind the Delaware Dredging
Policy Framework project as well as the process being undertaken and its early
outcomes.
Appropriate dredging in waters of the state of Delaware can be necessary for
maritime traffic into ports, movement of recreational traffic in rivers and bays,
beach replenishment, coastal hazard mitigation, maintaining water intakes, or
removal of contaminated sediment. If accomplished pursuant to established
review criteria, dredging can be an important component in a healthy coastal
economy and environment. If dredging were to cease, there could be
repercussions for local employment or for the regional and/or national economy.
Dredging operations in Delaware waters are conducted by a number of groups
including the U.S. Army Corps of Engineers, the Delaware Department of
Natural Resources and Environmental Control (DNREC), and various private
dredging operations. The majority of the federal projects focus on maintenance
of the heavily used commercial waterways and some beach replenishment
projects along the Atlantic Coast. State-owned dredges concentrate on smaller
navigation channel projects and nourishment of Delaware Bay beaches.
The diversity of dredging activities in state waters creates a wide range of issues
and concerns that need to be addressed. Currently, regulatory agency review of
dredging projects lacks a consistent framework for addressing environmental
and socioeconomic concerns. This approach results in an inefficient and
sometimes ineffective means of processing applications. Specific examples
include:
expenditure of public dollars for duplicative or unnecessary monitoring;
inability to protect against undesirable impacts of dredging projects;
lost opportunities to coordinate state and federal projects for environmental
benefits;
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-

poor understanding of alternatives for beneficial use of dredged material;
and
lack of coherent and readily available information about past dredging
activities, monitoring information, and current projects.

The DCP has assumed leadership of this project because it is responsible for the
networked Federal Consistency certification program. Since it has regular
contact with both federal and state permitting agencies, DCP is already
embedded in the infrastructure necessary to carry out the project. The primary
goal for all Federal Consistency reviews is to ensure that project activities
minimize environmental degradation while maximizing public benefit. The
document that results from this project will support this goal with a decisionmaking policy to ensure that all regulatory authorities (federal, state, and local)
are utilized in a manner which clearly addresses the state’s concerns.
In addition to the policy document, a Geographic Information System (GIS)
based desktop information management system is also being developed to
expedite comprehensive review of projects. The system will facilitate
integration of spatial information to determine cumulative impacts and potential
opportunities for cost savings or environmental benefits from coordinated
efforts.
The Project
The goal of Delaware’s project is to develop and implement a Statewide
Dredging Policy Framework. This framework will do the following:
-

Provide clear guidance and early coordination between regulatory agencies
and applicants;
Evaluate project justification based on economic and environmental
impacts;
Identify data requirements and maximize the use of existing information;
Identify preferred dredging methods and disposal options, including
beneficial uses;
Provide a consistent approach to testing and monitoring activities; and
Provide education and public outreach regarding dredging activities in state
waters.

The ultimate outcome of this project will be a DCP Statewide Dredging Policy
Framework to be adopted as part of the Delaware’s Coastal Management
Program through a Routine Program Change pursuant to 15 CFR 923.84.
The resulting document will have a number of useful applications. It will be
used by DNREC, Division of Water Resources, Wetlands and Subaqueous
Lands branch, to ensure standardized review of 401 Water Quality Certifications
and State Subaqueous Lands Permits. The DCP will use it as the standard to
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review dredging projects for Federal Consistency certification. The material in
the new framework will also be made available to every permit applicant in
order to ensure that they are aware of all state policies and regulations related to
potential dredging projects. By presenting this material in a straightforward and
consolidated format, it is hoped that compliance will increase and that applicants
will be encouraged to consult permitting agencies in the early phases of project
design. These improvements should lead to a greater level of protection for
ecosystems where dredging may ultimately be limited, redesigned, or
eliminated.
The Process
Because issues related to dredging involve a number of differing interests and
various levels of regulatory oversight, the DCP has been developing this
document through a collaborative decision making process. A Working Group
has been convened with members providing background expertise on the various
components of the dredging process and advising DCP on the content of the
policy document. Stakeholders include the U.S. Army Corps of Engineers, Port
of Wilmington, U.S. Fish & Wildlife Service, the five Divisions within DNREC,
National Marine Fisheries Service, coastal landowners, environmental interest
groups, and others. The role of the Working Group is to identify issues related
to dredging in the state, to explore alternative solutions, and to advise the DCP
regarding the content and themes in the dredging policy document.
The consensus-based process was recommended to Delaware in 1997 by
NOAA, Office of Coastal Resources Management, to guide a similar group in
developing a Special Area Management Plan for the Pea Patch Island Heronry
region. In that project some issues were contentious and stakeholder groups had
strong and varying opinions on the subject. However, Pea Patch Island was
somewhat different in that the “end product” was more open-ended, and the goal
was to develop a list of strategies that could be carried out to support the
longevity of the heronry. In the dredging project, the “end product” is much less
open-ended, since there are several key components that must be present in a
complete documentation of the dredging permitting and review process. Thus,
the basic consensus-based process needed to be modified to fit the unique
situation of the project at hand. The six phases used during development of the
Policy Framework are listed below, and the project is currently in Phase V.
Phase I. Issue Identification. After the initial planning stages, DCP Support
Staff convened a Working Group with about 25 members representing the
stakeholder groups involved with dredging in Delaware waters. An open forum
allowed Group members to present any issue of concern related to dredging
processes, project approval, review and monitoring, or other practices. This
allowed for an atmosphere of openness and careful consideration of ideas.
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Phase II. Preliminary Issue Characterization. The Support Staff aided the
Group in developing a detailed description of the issues and information needs.
Existing information was gathered through extensive literature searches, and
information needs were identified. The extensive list of issues developed in
Phase I was narrowed to those that the group felt were under the purview of the
project at hand, related to the project goals, and could be addressed in a
reasonable time frame. Selected issues included economics, maintenance
dredging, alternatives analysis, best management practices, habitat impacts, preand post- dredging testing criteria, and long term dredging and disposal
planning, just to name a few. Larger or more peripheral issues were either
eliminated by consensus or were listed under the “Recommendations for Further
Improvements to the Dredging Process” section.
Phase III. Strategy Development. State and national experts gathered for a oneday strategy workshop. Their goal was to identify alternative approaches to
address each of the issues identified by the Working Group. Workshop
attendance was about sixty people, and three focus groups were formed in order
to address similar issues in small group format. Strategy worksheets were
written by participants, and some of these contained information useful for the
process while others tended to be less helpful. The principal outcomes of the
workshop were two-fold: it allowed for a larger group of stakeholders to be
familiar with the issues and to have input, and it identified additional people
who had resources or information that could assist as document development
progressed.
Phase IV. Strategy Refinement. The Working Group reconvened to evaluate
strategies developed at the Workshop and to select those considered most
feasible. DCP staff begins to refine strategies into policy statements. At this
point, DCP Support Staff developed an outline of the end-product Statewide
Dredging Policy Framework document. This provided focus for participants as
they divided into smaller focus groups to begin drafting document text. As the
document began to take shape, some individuals resurrected earlier issues that
had been eliminated, as they saw their special interests being omitted from the
text. As before, these issues were brought in front of the whole group, and in
most cases, other members reminded the individual that the consensus process
had omitted the topic in question.
Phase V. Policy Development. The policy statements developed in Phase IV
are currently being organized into body text of Framework document. Much of
the text consists of existing regulations that apply to the dredging process and
that have not heretofore been presented in a cohesive manner. This section has
been the most challenging, due to the dynamics involved with 25 individuals
drafting policy text. One good solution was to break into even smaller, topicspecific meetings of 3-4 people to develop policy statements or to consolidate
existing information. In the end, DCP staff drafted the bulk of the document
text, but Working Group members accepted the opportunity to review sections
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as they were developed.
Phase VI. Testing and Refinement. The resulting policy framework will be
tested by using it in the review of several Federal Consistency permit
applications for dredging projects. The refined policy document will be adopted
as part of DCP regulations.
Preliminary Outcomes
At some stages of this work, it has seemed that “process” have overwhelmed to
ability to deliver the “product.” Meetings, letters, and repeated review of small
sections of text all contribute to a feeling that enlisting 25 people to write a
policy document was a tenuous choice. However, about six years prior, an
internal effort had been attempted to develop a similar type of policy
compendium. Several participants in the earlier effort felt that its lack of
success was due to the narrow range of background experience that was
represented on the project team. Additionally, New Jersey published their
Management and Regulation of Dredging Activities and Dredged Material in
October 1997. This document was developed by a Task Force of twenty-four
individuals from various programs within New Jersey Department of
Environmental Protection. In speaking with several observers New Jersey’s
process, Delaware staff were advised to ensure that outside agencies
(particularly the EPA and Army Corps of Engineers) participate throughout the
process rather than simply as external reviewers at the end. Additionally, due to
significant interest in dredging from environmental groups in the state, several
representatives from major non-governmental organizations were invited to
participate in the Working Group.
Another challenge with the subject of dredging in Delaware is the fact that the
state owns two dredges with which the DNREC, Division of Soil & Water
Conservation (DSWC) undertakes public navigation and beach nourishment
projects. This policy dates to a 1970 legislation wherein the General Assembly
charged the DSWC with maintaining navigation channels in five creeks in the
Inland Bays region of southern Delaware. The state dredging program has
received annual appropriations to continue the mission of maintaining the state’s
beaches and waterways. However, there is strong opposition to the state-funded
dredging program and a well-cultivated belief that state projects receive less
scrutiny than privately contracted projects. In truth, DSWC projects receive at
least the same level of review as any other project, in order to protect the
integrity of the Department; but the burden of proof is on the Department to
counter this accusation.
Many individuals opposing the state dredge program saw the Working Group
process as a forum to air their concerns. However, in truth, neither the DCP nor
the DSWC have the authority to alter the appropriations to the state program, as
all appropriations decisions are in the hands of the General Assembly. The
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Support Staff spent a significant amount of time addressing concerns regarding
this perceived “conflict of interest.” The solution in this situation has been
agreement to include a recommendation in the Appendix section addressing the
issue of state-owned dredges.
Thus far, this consensus-based process has proven to be a solid choice, since
dredging issues are often controversial and stakeholders hold strong opinions
and interests. The open nature of the Issue Identification phase helped to foster
an atmosphere of open communication of concerns at the outset of the project.
As the Issue Characterization phase continued and the peripheral issues had to
be eliminated, some conflict was predicted. However, since this was done by
the entire group, the process took on a tone of democracy, and individuals
whose issues were “tabled” understood the reasoning behind the decisions.
By Phase IV, the group agreed to work from a document outline designed
around the three main chapters of Administrative (policy), Operations
(engineering), and Environmental Evaluation (scientific) information and
regulations. At the outset of the process, many participants felt that additional
regulations would need to be developed to strengthen what they perceived to be
a lax regulatory environment. However, as existing regulations and policies that
applied to dredging projects were compiled, many were surprised that most
topics of concern were already covered.
Dredging can become a contentious issue in Delaware, where unclear permitting
guidelines frustrate applicants; landowners are angered by nearby spoil disposal;
and environmentalists are concerned about habitat impacts and water quality
issues. The DCP feels that the collaborative decision-making process has
involved the key stakeholders and has facilitated discussion and issue
identification. This more open policy development process should yield a
document that is respected by the regulated community and can be easily
integrated into the activities of the DNREC permitting departments.

Jennifer Reid
NOAA CSC Fellow
Delaware Coastal Programs
DNREC
89 Kings Highway
Dover, DE 19901
Phone: (302) 739-3451
Fax: (302) 739-2048
Email: jereid@state.de.us

730

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

PENNSYLVANIA’S USE OF INTERSTATE CONSISTENCY TO
CONDITION A FEDERAL DREDGING ACTIVITY IN
CONNEAUT HARBOR, OHIO
Shamus Malone, Pennsylvania Coastal Zone Management Program

In the late 1970's and early 1980's the Pennsylvania Coastal Zone Management
Program (PA CZMP) became aware of the increasingly negative affect of the
Conneaut Harbor structure on the shoreline and bluff stability along western
portions of PA’s Lake Erie shoreline. A network of control point monuments
were setup along the entire Lake Erie shoreline to monitor and determine the
rate of bluff recession. This system of control point monuments is still used
today and is very successful in determining the rates of bluff recession. Early
analysis of the control point data showed a very high recession rate along the
shoreline and bluffs in the western Erie County adjacent to the OhioPennsylvania border.
Since the early 1970’s numerous cottage sites in this area were lost to bluff
recession. PA CZMP staff were aware of this phenomenon and also suspected
certain causes of the erosion. The primary suspect or cause was the harbor
structure at Conneaut, Ohio; more specifically, the last construction phase in
1968 of the eastern near shore arm extension of the Conneaut Harbor structure
approximately 1.5 miles west of the Ohio/PA boarder. This last phase of
construction by the Army Corps of Engineers (ACOE) all but closed the harbor
to the passthrough movement of littoral sediments. This harbor extends one
mile into Lake Erie and acts as a formidable block of all beach nourishing
littoral sediments moving from the west to the east. Combined with rising lake
levels the harbor structure had and continues to have a devastating affect on
shoreline stability. With no sediment moving through or around the harbor
structure, the sediment starved wave action destroyed what beaches were left
after higher lake levels undercut the high coastal bluffs causing bluff collapse
and rapid bluff recession.
It is estimated that the first three miles of bluff shoreline east of Conneaut is
supplying all the sediment (approximately 10,000 cu yd./annually) for the long
shore transport of the littoral system. Numerous ACOE studies were conducted
since 1968 in an attempt to address this negative erosional affect of the harbor
structure. A Section 111 Study was conducted in 1983 and concluded that the
harbor structure was the major cause of the erosion of the down drift beaches
and bluffs. The findings also indicated that the only economically feasible
alternative to address the erosion problem was land acquisition. However, since
there are no guidelines on nonstructural solutions, such as land acquisition, in
Section 111 studies, the study was terminated. This meant that even though the
ACOE knew the harbor structure caused erosion damage it was not authorized to
remedy the problem.
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The funnel shaped harbor has an estimated 500,000 cubic yards of sand, gravel
and other coarse-grained sediments trapped along the western shoreline outside
the western shorearm of the harbor structure. An additional 350,000 cubic yards
of sand are trapped inside the harbor due to wash-over and passage through a
small circulation break in the western shorearm. These sediments trapped inside
the harbor form a 55-acre sand shoal that is growing by 6,000 cubic yards
annually.
The PA CZMP staff was always looking for ways to address this issue in order
to stop the continual loss a valuable coastal property in the western shoreline
area of the Lake Erie Coastal Zone. During the development of the Ohio CZM
program, PA CZMP staff initiated dialogue with Ohio CZM staff about this
issue and on possible solutions. PA CZMP seized an opportunity early in 1999
when the ACOE advertised their intention to conduct maintenance dredging of
both the commercial and municipal channels. The proposed plan called for open
lake disposal of 60,000 cubic yards of fine-grained silts and clays from the
commercial channel and 40,000 cubic yards of coarse-grained sediments from
the municipal channel. Since the PA CZMP requires federal activities to be
consistent with the policies of the state CZM program, PA CZMP notified the
ACOE that a consistency statement would be required before the project could
proceed. At this time it was hoped that the Ohio CZM program would also
pursue denial of consistency based on the historic and anticipated damages
caused to the Ohio shoreline by not returning the dredged material back to the
shoreline east of the harbor structure. Unfortunately Ohio chose to issue a
consistency certification based solely on the ACOE obtaining all necessary state
(401-water quality certification) and federal permits and not on their program
policies.
The ACOE reviewed the policies of the PA CZMP and issued a consistency
statement stating that their project was consistent with the policies of the PA’s
CZMP. After reviewing the details of the project proposal, PA CZMP
concluded that the open lake disposal of the coarse-grained sediments from the
municipal channel was inconsistent with the dredging and coastal hazards
policies of PA’s approved CZMP. The PA CZMP based their consistency
stance on the fact that the Conneaut harbor structure had historically caused
shoreline and bluff damage in PA since the late 1960’s. This damage is due to
the interception and trapping of beach nourishing littoral sediments moving east
along the shoreline form Ohio. Past ACOE maintenance dredging activities in
Conneaut harbor resulted in the open lake disposal of coarse-grained sediments
that rightfully belonged in the littoral system moving east along the shoreline
and onto PA beaches. Without the littoral sediments the beaches drastically
narrowed or disappeared and lake wave energies contracted the unconsolidated
glacial sediments that make up the high coastal bluffs. The bluffs were
undermined and collapsed into the lake resulting in bluff recession and extensive
property loss.
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Contact was made with the Buffalo District ACOE to inform them of our
decision to see if plan modifications could occur in lieu of a formal consistency
denial by PA. The ACOE first response was that this was an activity in a
neighboring state and therefore outside PA’s consistency jurisdiction. Further
complicating the issue was the ACOE programmatic restriction to choose the
least cost alternative. Open lake disposal was definitely cheaper than placing
the sediments along the shoreline east of the harbor. After negotiations, which
also involved the Washington DC legal and administrative staffs of NOAA and
the ACOE, the Buffalo District acknowledged PA’s interstate consistency rights
and chose to modify their project to include the conditions of the PA CZMP. By
broadening the scope of the contract, the ACOE interviewed additional
contractors and was able to secure a bid to complete the project and place the
40,000 cubic yards of coarse-grained sediments from the municipal channel
along the shoreline east of the harbor at the same cost as open lake disposal.
The Corps' project redesign reflects the appropriate use of dredged material, and
helps resolve PA's concerns for shoreline and bluff stability. PA CZMP
therefore issued a consistency concurrence finding the dredging activity
consistent with the policies of the PA CZMP under the condition that the
dredged coarse-grained sediments be placed along the shoreline.
During the public review period of this consistency decision, as required by
section 306(d)(14) of the Federal Coastal Zone Management Act, PA CZMP
received congressional, legislative, county and municipal support. This support
was for PA CZMP’s efforts to lessen the shoreline erosion caused by beach
starvation effects of Conneaut harbor. This support may be needed now as PA
CZMP pursues the additional 300,000+ cubic yards of trapped sediments
remaining inside the harbor. The PA CZMP feels this sediment belongs back in
the littoral drift and is pursuing funding under Section 1135 of Water Resource
Development Act of 1986. This grant program is for any ACOE project
modification for the improvement of the environment. PA CZMP initiated
contact with the ACOE and other agencies and formed a work group that has an
interest in this project. This work group of agencies and groups includes the
Ohio CZM, Ohio DNR, Ohio Geological Survey, the Conneaut Harbor Port
Authority and the Bessemer and Lake Erie Railroad (land owner east of
Conneaut harbor). This grant program is to restore degraded ecosystems as a
result of an existing ACOE project. A draft Preliminary Restoration Plan has
been prepared, reviewed and submitted for grant approval. Even though the
entire work group supports the plan, the sponsoring agency is the Conneaut Port
Authority. Since this grant requires a 25% non-federal match and the projected
project cost is estimated to be $3,400,000, the work group will be actively
searching for sources of non-federal funds to complete the project.
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HABITAT RESTORATION PROGRAMS WITHIN THE ARMY CORPS
OF ENGINEERS
Patrick Cagney, Seattle District Corps of Engineers

Starting in the early 90s, the Seattle District has focused much of its restoration
efforts in estuarine environments. This seemed a logical fit since many of the
Corps construction related projects such as dredging of navigation channels and
constructing jetties and marinas occurred in these areas. It also made sense from
an ecological perspective since estuaries have been one of the most impacted
habitat types in all of Puget Sound. Since the influx of western civilization in
Puget Sound, estuaries were the first places to be developed. They were the low
flat areas where water access was the easiest. Cities like Seattle, Everett, and
Tacoma grew by dredging mudflats and marsh habitats and back filling to create
commercial land. By 1980 over 70% of all estuaries had been lost (Bortleson et
al. 1980). Much of this loss was due to diking to create farmable lands,
dredging, and filling (Thom 1990). The importance of estuaries for many
salmon species can not be overstated. It is there where salmon change their
physiology from fresh water and transition to salt water. It is also in estuaries
where salmon smolts rear (some up to 6 months) prior to ocean migration. The
Corps has not forgone restoration efforts on rivers, nor is the importance of
riverine habitats unappreciated. The Seattle District has a few restoration
projects on creeks and rivers but, at this time, most of our restoration efforts
have occurred in salt water
It was in two of these estuaries where the Corps and other partners such as the
Ports of Everett and Seattle, the U.S. Fish and Wildlife Service (USFWS) and
Region 10 of the Environmental Protection Agency (EPA) developed their
earliest restoration projects. One of these was in Port Gardner, near the city of
Everett called Jetty Island, at the mouth of the Snohomish River. In 1992, clean
dredge material was placed in the subtidal area on the leeward side of the island
to bring it up to intertidal elevations. This area was intended to develop as
mudflats and fringing marsh. Monitoring over the years has shown this to be the
case and these sites have been well used by juvenile salmon. This project was
an example of the beneficial reuse of dredge material.
Starting in 1994, in Seattle’s Duwamish River estuary, the Corps in cooperation
with the Port of Seattle, EPA, and USFWS, received money from Coastal
America to establish three small estuarine demonstration projects. The intention
was to showcase different restoration techniques that could be used in a heavily
industrialized estuary.
Since those early projects, the Corps of Engineers has come a long way in how it
approaches habitat restoration. The Corp of Engineers is probably not the first
agency that comes to mind when considering habitat restoration. But Congress
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did provide the Corps this mission as far as back 1986, as part of the Water
Resources Development Act (WRDA) (Public Law 99-662). Section 1135 of
the Act allowed the Corps to modify project structures or change the operation
of its water resource projects as long as it is determined that these changes are
feasible, cost effective, and will improve the quality of the environment in the
public interest. This original authorization restricted the Corps to make
improvements only in areas where it could be demonstrated that a Corps project
had an impact on the environment. In subsequent years, Congress has
broadened the Corps authorities. Section 306 of the 1990 WRDA specifically
authorizes the Secretary of the Army to include environmental protection as one
of the primary missions of the Corps. In 1992, WRDA section 204 allowed for
the beneficial reuse of dredged material for habitat improvements much like the
Jetty Island project. In 1996, section 206 of WRDA established a program
called Aquatic Resource Restoration that allows the Corps to conduct restoration
activities anywhere in the aquatic environment. Another program under the
Corps Continuing Authorities Program (CAP) is called “Planning Assistance to
the States.” While this particular program does not allow for the actual
construction of restoration it is a broad authority that allows different aspects of
restoration to be studied. Finally, under the Civil Works program, the General
Investigation (GI) authority can be used to conduct restoration activities. These
studies are specifically authorized by Congress and are titled Ecosystem
Restoration studies. They also have the potential of doing restoration on a very
large, scale such as at the watershed or river basin level.
From a national perspective, the Corps has spent a considerable amount of time
considering how it should approach habitat restoration. They have developed a
policy that focuses on ecosystem restoration. For these purposes, an ecosystem
has usually been defined as “a viable unit of community and interactive habitat”
(ER 1165-2-501). Single species restoration projects are no longer encouraged;
restoration that considers plant and animal populations in the larger context is
now the norm. The purpose of ecosystem restoration is to attempt to return an
area or ecosystem to a close approximation of its condition prior to disturbance.
The goal is to emulate a natural, functioning, self-regulating system. Also,
Corps activities in ecosystem restoration concentrate on engineering and other
technical solutions to water and related land resources problems. This normally
means that changes in sedimentation and hydraulic processes are given primary
consideration. Priorities for restoration are sometimes also tied to where the
Corps has had some impact in the past in altering the natural system.
Corps participation in a restoration study or project has certain requirements.
The first requirement is that the restoration activity have a local sponsor. This
can be a local or state agency, a Tribe or a non-government organization. Corp
restoration programs are not like grants; that is, funds are not dispersed through
an application process. All Corps restoration activities are cost shared and
federal monies usually cannot be used to provide the cost share. Depending on
the program, the local cost share ranges between 25% and 35% for construction.
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The Corps does not actually purchase property for restoration; it is the
responsibility of the local sponsor to provide all land easements and rights of
way. The local sponsor is credited with the value of the land upon which the
project takes place. This credit is applied to the local cost share. The Seattle
District has done a few projects where very little money has been exchanged due
to the property value of the restoration site equaling the local cost share for
construction. The final constraint is that the local sponsors are responsible for
the operation and maintenance of the project upon completion. Since the Corps’
approach to restoration is to try to restore naturally functioning systems as much
as possible, the Seattle District has been successful in designing and
implementing low maintenance projects.
To initiate most restoration studies under the Continuing Authorities Program
(CAP), only a letter is needed from the local sponsor stating their interest and
that they understand their obligations under the program including the cost
sharing aspects. This then allows the Corps to proceed with a reconnaissance
type study that briefly details the goals and purpose of the restoration action. If
the project is approved then the next phase called feasibility begins. It is during
this phase of the study where studies are performed to evaluate the project (i.e.
topographic surveys, evaluation of existing conditions). This is also when a
35% level of design is developed, a real-estate appraisal is performed, an
environmental assessment under the National Environmental Policy Act (NEPA)
is completed and Endangered Species Act coordination is started and a more
detailed cost estimate is developed. A feasibility report containing all of this is
also sent to the Division office for approval. This usually takes 6 to 8 months.
If successful, this is followed by a brief plans and specification period when the
design is finalized, quantities of material needed for construction are estimated,
permits are obtained, the real-estate is certified and the local sponsor signs the
cost sharing agreement. Up until this point no local money is expended. When
the cost share agreement for the project is developed all project responsibilities
and project costs are clearly detailed. If the local sponsor does not like the
project design or other aspects of the project such as maintenance
responsibilities they are under no obligation to sign and there is no cost to them.
After completion of plans and specs, the project then goes to construction. The
entire study process can take from 1 to 2 years to complete. This process may
seem time consuming but there are provisions in the programs to either speed it
up or in some cases to bypass many of the steps. If the total project is less than
$400,000, after the reconnaissance report is completed the project can proceed
directly to the plans and specification phase. The Seattle District has gone from
initiation to construction in less than a year doing this. More often the case with
restoration projects though is that there are property acquisition problems and
this can delay the projects as much as a lengthy study process.
Ecosystem Restoration under the General Investigation is a similar process.
There are some differences though, because of the scale of the projects, the time
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line is usually longer, more studies are usually needed, cost sharing for specific
study phases is different and usually a NEPA Environmental Impact Statement
is prepared. Both the CAP program and the GI have provisions for the local
sponsor to provide some in kind services in lieu of cash payment for study costs.
These programs may seem complicated but they do work. The Seattle District is
in the process or has completed restoration under all of the programs that have
been described. The following is a brief description of some of the more
significant projects:
·

The largest Ecosystem GI currently being conducted by the Seattle District
is in the Green River Basin, from Seattle’s Elliot Bay to above Howard
Hanson Dam. Over 55 projects have been identified for potential
restoration in this 485 square mile basin. All of the projects will benefit
multiple species of salmon and have advantages for wildlife as well. The
focus of this study has been to restore the habitat forming processes that
allow the river to create beneficial salmon habitat. Where these processes
are no longer able to function normally, surrogate habitat types are being
placed in areas where they were historically present. Restoration
techniques such as the placement of gravel and large woody debris are
being evaluated. Off-channel habitat and estuarine sloughs are just a few
of the examples of project types. The estimated cost of this project, if
constructed is on the order of $40 million. King County is the local
sponsor.

·

The Stillaguamish GI is another example of the Ecosystem Restoration
Program. Located 30 miles north of Everett, the focus here is on the lower
mainstem of the river and juvenile salmon-rearing habitat. Historically,
much of the Stillaguamish estuary was diked off for agricultural
production. The study intends to restore some of the estuary that had been
lost. Former oxbows and channels are proposed for reconnection to the
river. The estimated construction cost will be between $6 to $8 million.
Snohomish County is the local sponsor.

·

The Turning Basin 1135 project. This project is located at the third turning
basin in Seattle’s Duwamish River. Several restoration efforts have
occurred in this area over the past few years including the above-mentioned
Coastal America project. This particular project is currently in construction.
It is daylighting about 2200 linear feet of Hamm Creek that currently goes
sub-surface in a storm water pipe. A new streambed will be constructed, a
riparian buffer will be planted on the banks and woody debris will be
placed in the new channel. Over three acres of wetlands will be created
including a one-acre estuarine marsh adjacent to the Duwamish River
where the new creek will outlet. Coho, cutthroat and steelhead currently
use the stream. Over sixty thousand cubic yards of former dredge material
will be removed. Construction costs are estimated at $2 million. King
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County, in cooperation with the Elliot Bay Natural Resource Damage
Assessment group, is the local sponsor.
·

Deepwater Slough 1135 project. This project is located in the South Fork
of the Skagit River and is currently under construction. The purposes of
the project are to breach levees and allow tidal inundation over 200 acres of
emergent wetlands. New tidal channels are expected to form in the restored
marsh area. This is an important juvenile chum and chinook rearing area.
Over 8,000 linear feet of new levee will be built and 10,000 feet of existing
levee will be augmented so that breaches can be excavated in the existing
levee system. A new bridge will be constructed to remove fish blockages
from the Deepwater Slough. In addition, with the cooperation of the Army,
enhancement of over 400 acres of tidal marsh was facilitated on the
adjacent Mill Town Island where the abandoned farm still had existing
levees. The Army detonated the old levees in three places to allow better
inundation and sheet flow. Estimated construction cost is $1.8 million
dollars. The local sponsor is Washington Department of Fish and Wildlife.

·

Puget Creek 1135 project. This is good example of the abbreviated 1135
process. This project was designed, permitted and constructed in less that a
year. The project involved removal of 5,000 cubic yards of fill in an area
next to Kellogg Island in the Duwamish estuary. The old mouth of Puget
Creek was reestablished and about one acre of emergent tidal marsh was
created. Riparian planting surrounds the marsh on the uplands. Total
project cost was about $200,000 and the project was completed February,
1999. The local sponsor was the Port of Seattle.

·

Porter levee 1135. This project was constructed in August 1999 and it is
another example of the abbreviated 1135 process where the project was
completed in under a year. This project removed a portion of a training
levee on the upper Green River and reconnected a slough that had been cut
off from the river. A new mouth was constructed at the entrance to the
Green River and woody debris was placed in the slough to improve the
habitat for juvenile fish such as coho, chinook and chum salmon. The total
project cost was about $235,000 and the local sponsor was King County.

·

Goldsborough Dam 206 project. This project is currently in the feasibility
phase. It is located near the southern portion of Hood Canal near the town
of Shelton. The purpose of the project is to remove a dam on Goldsborough
Creek that blocks fish passage to 14 miles of good spawning habitat. The
project price is $4,000,000 and the local sponsor is Washington
Department of Fish and Wildlife in cooperation with Simpson Timber
Company, the dam operator and landowner.

·

Union Slough 206 project. This project is in the reconnaissance phase. It
is located in the Snohomish River Estuary near the town of Everett. The
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intent of the project is to breach a sea dike in several places and restore the
historic tidal regime to over forty acres of emergent marsh. The local
sponsor is the city of Everett and the projected cost is about $1,500,000.
·

A nearshore salmon migration study is currently being conducted under the
Planning Assistance to the States program for the Marine Division of the
Washington Department of Transportation. The study will examine the
effects of ferry terminals on near-shore outmigrant juvenile salmon. Using
techniques such as dual beam hydroacoustics and videography, juvenile
salmon behavior will be monitored to see if the ferry terminals have an
influence on migration patterns. Battelle Marine Science laboratory is
conducting the study for the Seattle District. The study cost is $100,000.

It should be noted that this is a partial list of proposed, current or recently
constructed projects. Although the Seattle District and their local sponsors are
prominently identified in this list what has been omitted for brevity are many of
the partners that also participate in these projects. Federal agencies such as the
U.S. Fish and Wildlife Service as well as National Marine Fisheries Service
have played a prominent role. Also import are the local Tribes who have
assisted in these projects such as the Tulalip, Stillaguamish, Muckleshoot, and
Suquamish Tribes and the Skagit System Cooperative to name a few. Many of
the projects were planted by volunteer groups and non-government
organizations such as People for Puget Sound, and IMAPAL foundation, and the
Student Conservation Association.
In the next several years much time and expense will be spent on restoring
salmon runs in Puget Sound. The Seattle District would like to be part of this
effort. Corps restoration programs have demonstrated that they are a capable
method of bringing federal dollars to assist a regional problem.

Patrick Cagney
Seattle District Corps of Engineers
Attn: ERS
P.O. Box 3755
Seattle, WA 98124
Phone: (206) 764-6577
Fax: (206) 764-4470
Email: patrick.t.cagney@usace.army.mil
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COLUMBIA RIVER CHANNEL IMPROVEMENT STUDY:
ADDRESSING ENVIRONMENTAL CONCERNS AND
INCORPORATING ENVIRONMENTAL RESTORATION INTO A
MAJOR NAVIGATION IMPROVEMENT PROJECT
Laura L. Hicks, U.S. Army Engineer District, Portland

This integrated feasibility report and Environmental Impact Statement (EIS)
documents the results of a feasibility study for proposed improvements to the
authorized Columbia and lower Willamette Rivers navigation channel in Oregon
and Washington. The channel is currently authorized at a 40-foot depth and
generally a 600-foot width. The study area for improvements covers 11.6 miles
of the Willamette River below Portland, Oregon and 103.5 miles of the
Columbia River, from river mile 3 to 106.5, below Vancouver, Washington.
The study was authorized by a resolution of the U.S. House of Representatives,
Committee on Public Works and Transportation, adopted August 3, 1989. The
feasibility study was initiated in 1994 and is co-sponsored by the U.S. Army
Corps of Engineers and seven lower Columbia River ports: Astoria, St. Helens,
and Portland in Oregon and Longview, Kalama, Woodland, and Vancouver in
Washington. The Port of Portland serves as the overall coordinator for the
sponsoring ports. The U.S. Environmental Protection Agency (EPA), Region 10
in Seattle, Washington, is a cooperating agency for this report.
The purposes of the study are to improve the deep-draft transport of goods on
the authorized navigation channel and to provide ecosystem restoration for fish
and wildlife habitats. The need for navigation improvements has been driven by
the steady growth in waterborne commerce and the use of larger, more efficient
vessels to transport bulk commodities. With the increased use of deep-draft
vessels, limitations posed by the existing channel dimensions now occur with
greater frequency. By improving navigation, the opportunity to realize greater
benefits would result from reducing transportation costs by allowing deep-draft
vessels to carry more tonnage, and by reducing vessel delays.
The report also includes documentation in support of EPA designation of new
ocean disposal sites for maintenance of the Mouth of the Columbia River
project, the existing Columbia and Lower Willamette River navigation channel,
and construction/maintenance of proposed channel improvements.
Planning constraints recognized that channel improvement alternatives were
limited to a maximum of 3 feet of deepening by the study’s authorizing
legislation. Also, it was directed that the Dredged Material Management Plan
(1998) would serve as the no action alternative for the study. This plan
evaluated the most efficient way to maintain the currently authorized 40-foot
navigation channel in the future.
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Proposed Action and Alternatives Proposed Action and Alternatives
Alternatives for improving deep-draft navigation, as well as any dredging and
disposal actions needed for construction and maintenance, were formulated and
evaluated on the basis of technical, economic, social, and environmental criteria.
A range of alternatives was considered. Besides the no action alternative, a nonstructural alternative to upgrade the existing river stage forecasting system,
LoadMax, to improve navigation was evaluated. During the course of this study
many improvements have been made to the LoadMax alternative by the
National Weather Service Northwest River Forecast Center as well as advances
in website access to real-time river level data. LoadMax improvements alone
will only serve in marginal increases in safety and minimum vessel drafts. They
will not serve as an alternative to deepening the channel from the perspective of
the deep draft navigation users and therefore are not an acceptable alternative to
deepening the channel to 43 feet. Future upgrades, including the addition of
bathymetric information, are being planned. It is estimated that future
improvements to the river stage forecast system would be implemented as part
of the day-to-day operations under the with- or without a new project. Also, as a
result of public comments for reducing the environmental impacts associated
with dredging, regional port concepts were formulated to locate deep-draft
facilities closer to the mouth of the Columbia River. These concepts, however,
were dropped from further consideration because of the high costs associated
with construction, transportation, port facility, environmental impacts, and lack
of support by the non-Federal sponsors.
Three structural channel deepening alternatives were considered that alter the
channel’s configuration and/or authorized depth to 41, 42, or 43 feet to improve
deep-draft vessel transport. These alternatives would be similar and require
dredging and disposal alternatives for construction and maintenance. The
construction of the 41-, 42-, and 43-foot channels requires dredging 6, 12, and
20 million cubic yards (mcy) of sandy material from the channel, respectively.
The depth and width of the dredge cut would vary with location.
Construction of the 43-foot channel would also require the removal of 220,000
cubic yards of hard basalt rock and 450,000 cubic yards of cemented sand,
gravel and boulders at four areas in the Columbia River and two in the
Willamette River. Basalt is present at two areas at Columbia River Mile (CRM)
87 and Willamette River Miles (WRM) 3 to 7. A softer, consolidated rock
occurs at CRMs 63 to 67, CRM 105 and WRMs 10 to 11. An area with an
unknown type of rock (probably basalt) is located at CRM 98. There is a high
likelihood that rock in the basalt areas was fractured during the construction of
the currently authorized 40-foot channel. Mechanical methods such as a large
clamshell dredge would be tried to see if the rock could be removed.
Underwater blasting would need to be done in areas where mechanical methods
are unsuccessful. Excavated rock will be placed in upland disposal sites.
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The amount of in-water disposal for the 43-foot channel alternative would be
less than for the existing authorized 40-foot channel. Most of the shift would be
from in-water to upland disposal sites. Existing channel maintenance inwater
disposal would total an estimated 80 mcy over the next 50 years. Projected
inwater disposal for maintenance of the proposed 43-foot channel is 54 mcy
over the 50-year project life.
The amount of dredged material estimated for ocean disposal for the 43-foot
channel alternative is estimated at 7 mcy from construction and a total of 9 mcy
for maintenance over 20 years. This would be in addition to the existing
average annual ocean disposal of 4.5 mcy from the Mouth of the Columbia
River project.
Specific environmental and engineering criteria were developed for screening
the upland disposal sites. The mix of disposal sites would primarily distinguish
the disposal alternatives rather than the availability of dredges (hopper, pipeline,
or clamshell). The proposed disposal plan represents a composite of the least
cost and sponsor preferred alternative evaluated in the draft report. The proposed
disposal alternative would use a total of 29 upland disposal sites, with a total
land area of 1,681 acres. Material placement would range from 30 to 45 feet
high. Fourteen of these sites, totaling 1,025 acres, are included in the no action
alternative, of the remaining 15 sites only 4 upland sites and the Lonestar Gravel
Pit have never been used for dredged material disposal in the past (227 acres).
Twelve of the remaining 15 sites are upstream of Longview, in a reach of the
river that would typically be maintained using in-water disposal. The current
land uses at the 15 sites not included in the no action alternative are: 4
agricultural sites, 9 industrial sites; and 2 would be defined as other land use.
The proposed disposal alternative would result in the direct loss of 200 acres of
agricultural lands, 67 acres of riparian habitat, and 20 acres of wetland habitat.
Wildlife mitigation actions are recommended to offset these habitat losses.
Sediment in the Columbia River navigation channel is primarily sand with a low
percent of organic content. This sediment would be suitable, based on EPA and
Corps criteria, for unconfined in-water and upland disposal. The material
currently dredged for maintenance of the Willamette channel has also been
found suitable for unconfined in-water disposal. However, some material in the
Willamette River has been found to be potentially unsuitable for in-water
disposal unless further biological tests are conducted.
The local sponsors for the proposed project have requested that dredging the
Willamette River be delayed in order to allow coordination with the ODEQ
investigation and remediation planning for the Portland Harbor. This will delay
construction of the Willamette River portion to insure that final implementation
decisions incorporate both the investigation results and remediation plan. Any
deepening of the Willamette River channel will consider the remediation plan.
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Dredging of the Willamette River channel will require full compliance with all
laws including the Clean Water Act, Endangered Species Act, and the National
Environmental Policy Act. In addition, ODEQ will be asked to certify
compliance with water quality standards for the Oregon portion of the project
separately from certification of the Willamette River portion. Certification of
the Willamette River portion will not occur until after the ODEQ remediation
plan has been completed. The economic evaluation included an incremental
analysis of the Willamette River. The Willamette River is economically
justified as a stand alone portion, and improving the Columbia River is
economically justified without including the Willamette River.
Deepening the channel to 43-feet was found to maximize net benefits. The 43foot alternative with the least cost disposal plan is the plan the maximizes net
benefits. The total economic cost (October 1998 price level) for the proposed
action, not including the environmental restoration component, is $189,504,000.
The benefits of improving the navigation channel would result from a potential
ten percent reduction in ocean transportation costs for benefiting commodities.
The estimated first cost of the national economic development (NED) plan (not
including environmental restoration) is $189,504,000. (October 1998 price
level). This plan includes deepening the navigation channel to 43 feet and an
environmental restoration component. The NED initial implementation cost of
channel deepening is $176,992,000, and the cost of the ecosystem restoration
component is $4,899,000. Total average annual charges of both components of
the NED plan as based on a discount rate of 6.875 percent and a 50-year period
of economic analysis are estimated at $17,400,000. Average annual economic
benefits of the channel deepening component are estimated at $34,419,000. The
resulting navigation improvement benefit-to-cost ratio is 2 to 1. The net benefits
of the navigation component amount to $17,019,000. An environmental
restoration component resulting from a series of workshops with Federal and
State resource agencies and the public is also recommended for implementation.
Its scope consists of restoring the hydraulic connection between the Columbia
River and Shillapoo Lake and of fisheries habitat restoration measures. These
elements, which have an initial construction cost of $4,899,000, are included in
both the NED and recommended plans.
The estimated first cost of the recommended locally preferred plan is
$188,319,000 (October 1998 price level). This locally preferred plan includes
the same construction footprint for channel deepening and environmental
restoration but differs for the NED plan in the selection of disposal sites. The
locally preferred alternative utilizes three port preferred disposal sites, including
two port owned sites. The total project cost of the locally preferred plan is
$171,982,000 ($188,319,000 – $16,337,000 (Utility removal and berthing
areas))
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For cost sharing purposed the locally preferred plan, in October 1998 dollars
inflated tot he midpoint of construction is $195,930,000. Sixty-four percent of
$195,930,000 will be cost shared by the Federal government ($125,482,000),
and thirty-six percent will be funded by the project sponsors ($70,448,000).
Utility removals will be paid by the utility owners.
Changes in the Proposed Action From Draft EIS to Final EIS Changes in the
Proposed Action From Draft EIS to Final EIS
Actions which were described in the Draft EIS which have been revised in the
Final EIS include: phasing new dredging of the Willamette River channel
pending the outcome of the State of Oregon’s Portland Harbor Sediment
Management Plan; modifying disposal site locations to further minimize
wetland impacts; substantially revising the size and location of proposed ocean
disposal sites; elimination of the Miller-Pillar inwater disposal and pile dikes
from the environmental restoration proposal, and revised economic commodity
projections for container ships.
Summary of Impacts Summary of Impacts
The channel deepening alternatives result in incrementally greater physical
impacts with increasing depth. Maintenance dredging would shift dramatically
from in-water to upland disposal. Dredging a deeper channel would lead to very
slight increases in estuarine salinity under low river flow conditions. Estuarine
circulation would essentially be unchanged. Overall sediment budget or
sedimentation patterns would not change to any perceptible degree. Water
quality impacts would increase in the short term from dredging a deeper
channel. Long term water quality impacts may actually decrease as less material
would be disposed of in in-water locations. Shoreline erosion from currents,
wind waves, and ship wake is expected to remain near current levels.
Three salinity workshops were held with state and federal resource agencies to
determine the effects of channel deepening on salinity and estuarine organisms.
It was concluded at the workshops that no significant biological impact would
result from salinity changes predicted for the proposed channel deepening.
Biological impacts from dredging a deeper channel would include impacting
more benthic habitat. However, most of this habitat is at depths greater than 35
feet and is not considered highly productive. In general, reducing the amount of
in-water disposal would result in less impact to aquatic organisms. Increased use
of upland disposal would result in additional impacts to wildlife habitat. A
mitigation plan is proposed to offset any habitat losses.
Increased ocean disposal of dredged material would result in increased impacts
to marine organisms while decreasing impacts to estuarine organisms. Based on
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studies evaluating the effects of current ocean disposal practices, and the site
review and evaluation process conducted by the agency and fishing industry
Ocean Disposal Working Group, these impacts are not expected to be
significant.
Twenty-two federally listed threatened and endangered wildlife, plant and
invertebrate species may occur in the study area. The proposed channel
improvement project is not expected to adversely impact most of these species.
For Columbian white-tailed deer, however, conservation measures (seeding of
grasses and forbs to provide forage) were recommended on four upland disposal
sites to offset impacts to this species.
For the Columbia River, there are currently 12 listed and one proposed for
listing salmonid species under the Endangered Species Act. Listed stocks
include the Snake River fall and spring/summer runs of chinook, Snake River
run of sockeye, and the upper and lower Columbia and Snake River runs of
steelhead, upper and lower Columbia and upper Willamette runs of chinook,
chum below Bonneville Dam, and the mid-Columbia and upper Willamette runs
of steelhead. The proposed species is coastal cut-throat troat. Deepening the
navigation channel would not be expected to have greater impacts to these
salmonids than the existing maintenance dredging program.
The deepening alternatives would result in minor impacts to aesthetics,
recreation, and land use. Using more upland disposal would modify aesthetic
values from primarily a rural farm condition to mounds of bare sand. Recreation
impacts would result from increased upland disposal, adversely affecting
activities such as wildlife viewing. Land use at new disposal sites would change
from agricultural/open space to dredged material disposal. No cultural resources
would be impacted by dredging or disposal actions.
Based upon the evaluation of the criteria contained in 40 CFR Parts 220 through
228, the Corps and EPA have determined that the ocean dredged material
disposal sites proposed in the DEIS (North Site, South Site, and Site E) and the
Deep Water Site are suitable for designation and use as disposal sites for ocean
dumping of dredged material when disposal and site management is performed
in accordance with the management and monitoring plan which as been
developed under 40 CFR 228.9 and use restrictions that will be specified as part
of designation. The Corps and EPA have further determined that material
dredged from the MCR, Columbia River channel and channel deepening (if
authorized) projects meet the criteria for dredged material dumping. The North
Site and South Site proposed in the DEIS are no longer under consideration for
designation and use by the federal government. Site E and the Deep Water Site
are proposed for designation by EPA through formal rulemaking, adopting the
appropriate sections of this EIS and appendices to support that action. These
two new ocean dredged material disposal sites will be used and managed in
association with the existing North Jetty Site located adjacent to Site E but in
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jurisdictional Inland Waters rather than Ocean Waters. The four Columbia
River ocean dredged material disposal sites originally designated by EPA in
1986 will be de-designated as part of the rulemaking package for the new sites.
The sites selected by the Corps under their Section 103 authority in 1993 and
1997 will expire at the end of their authorized life or will be terminated once
EPA’s formal rulemaking is completed.

Laura L. Hicks, Project Manager
CENWP-PM-FP
U.S. Army Engineer District, Portland
P.O. Box 2946
Portland, OR 97208-2946
Phone: (503) 808-4705
Email: Laura.L.Hicks@nwp01.usace.army.mil
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THE BENEFICIAL USE OF DREDGED MATERIAL FOR WETLAND
CREATION ON CLEAR CREEK
A Demonstration Project of the Galveston Bay Estuary Program
Edward Seidensticker, USDA/Natural Resources Conservation Service
William B. Baker, Jr., Houston Lighting & Power, Company

Executive Summary
Approximately 16 acres of intertidal wetlands were constructed along Clear Creek
using dredged material from Houston Lighting & Power Company’s (HL&P)
Webster Electric Generating Station in Webster, Texas. Funding for the project was
provided by the Galveston Bay Estuary Program ($145,000) and HL&P ($62,000).
The project was a partnership of a host of entities, including the Galveston Bay
Estuary Program, HL&P, the Natural Resource Conservation Service, U.S. Fish &
Wildlife Service, Waste Reduction Services and Padgett Shoreline, Inc. A 2600 ft.
containment levee with two water control structures was constructed during the Fall
of 1997 to retain approximately 40,000 cubic yards of dredged material. The U.S.
Army Corps of Engineers permit requirements reduced the overall size of the project
by three acres and increased project costs. The intake canal of the Webster Station
was dredged during December 1997, resulting in approximately 52,000 cubic yards
of dredged material being pumped to the project site. Seeding the area with smooth
cordgrass, (Spartina alterniflora) was accomplished in late February 24, 1998. In
March, the outside portion of the levee was planted with smooth cordgrass
transplants on one-foot centers and brush fence construction initiated. By July
1998, the site exceeded the objective of one smooth cordgrass plant per square
meter. Smooth cordgrass currently dominates a significant portion of the site,
providing habitat for a variety of marine and avian species. Utilizing dredged
material for wetland construction is a cost-effective way to manage dredged material
while expanding valuable wetland habitats.
Project Description
The primary objective of the Clear Creek Beneficial Uses of Dredge Material
Demonstration Project was to create approximately 16 acres of functioning intertidal
wetland using dredged material from the intake channel of HL&P's Webster Electric
Generating Station on Clear Creek.
HL&P agreed to provide dredged material for this demonstration project from their
intake canal. A 2,600 foot long containment levee was to be constructed along Clear
Creek on the outer perimeter of Placement Area an as shown in Figure 2.
Approximately 2, 100 ft. of the proposed levee was to be built in a tidal flat where
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water depths average approximately two feet. Original plans called for the levee to
have a top width of ten ft. with 3:1 side slopes as shown in Figure 3. One gallon pots
of smooth cordgrass were to be transplanted on 1 ft. intervals on the outside of the
levee as an erosion control measure. A brush fence to protected the levee from
wave action was also prescribed. Two water control structures were installed (one
at each end of the containment levee) to facilitate dewatering of the placement area
as shown in Figure 3. The placement area required seeding with smooth cordgrass
after sediment consolidation.
The placement area was sized to accommodate an estimated 20,000 cubic yards of
dredged material from the plant's intake canal. Dredged material would consist of
slurry of two parts water and one part in-place dredged material by volume. The
placement site was approximately 20 acres for dewatering and 16 acres for dredge
material placement.
Project Costs
Total original proposed cost of the project was approximately $195,000. The
Galveston Bay Estuary Program was to provide $145,000 for wetland design and
construction and HL&P was to contribute $50,000 for dredging. HL&P also agreed
to contribute in-kind efforts which included intake canal depth profiles, civil
engineering surveys of the project area, permit acquisitions, associated project
engineering drawings as required, and contractor oversight.
Data Representativeness and Comparability
Estimates of the aerial extent of the wetland were based on the planimetering of an
aerial photograph obtained from the U.S. Department of Agriculture Farm Services
Agency. Estimates of vegetation density in the created wetland were based on
random samples from the created wetland. The primary factor limiting the
representativeness of the data, was the short time frame in which the data were
collected. Ideally, measurements would have been made following several growing
seasons. However, due to funding limitations, such long-term monitoring could no
be guaranteed. Comparability of the data under this project was assured because
standard planimetering techniques were used for area determinations, and standard
vegetation measurement methods were employed to determine vegetation densities.
Project Discussion
The Demonstration of Beneficial Uses of Dredged Material to Restore Wetlands on
Clear Creek was a success based on the final approved project objectives. Partners
from many agencies, industries and environmental interest groups combined to
illustrate the potential for wetland restoration in coastal estuaries.
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Permitting issues arose because of the Army Corps of Engineers flood control
planning Clear Creek. The first planned restoration acreage had to be reduced from
approximately 18-acres to 12-acres to obtain 404 permit approval. Changes in the
actual project layout were then required which caused sediment consolidation
problems for the construction of the levee. In this case, very soft sediments were
encountered by the drag-line machinery which slowed levee construction and
almost caused the drag-line to be lost from shrinkage.
Once these construction issues were overcome, dredging commenced. It was soon
discovered that to build the levee, some of the sediments in the project area had
been used for construction. This required a larger amount of dredge material to fill
the containment area than was originally calculated. Because of this, a larger than
anticipated portion of open-water was created within the project area that was too
deep for the cordgrass to grow in. However, following completion of the entire
project, many birds and fish were seen to be occupying this open-water, thus,
providing some substantiation to the idea that open-water was needed in the
wetland. It should be noted that the open-water within the wetland was protected
by the levee and, thus, was stilled providing a better habitat than that outside the
levee which was subject to wave action by passing watercraft.
Sampling for cordgrass density explicitly did not measure open-water acreage within
the levee. The final cordgrass density measured in July, 1998 were over 40 plants per
square meter. Thus as a side-note, the open-water area could be 40 times larger than
the growing area and the project objectives of one plant per square meter would still
have been met.
Finally, it should be noted that a small area of low land immediately adjacent to the
restored wetland has also appeared to be enhanced from visual observation. It
should come as no surprise that adjacent ecological land values can be enhanced
when a wetland is created as was done by this project. Further study is warranted
in this case.
Project Conclusion
The following conclusions can be drawn from the Demonstration of Beneficial Uses
of Dredged Material to Restore Wetlands on Clear Creek.
•

The utilization of dredged material for constructing intertidal wetlands enhances
marine and avian populations as determined qualitatively through visual
inspection.

•

Similar projects should be implemented to address significant wetland losses
in coastal estuaries and consequently beneficially utilize dredged material.

•

The following are lessons learned from this project:
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•

Regulatory burdens that impede wetland habitat enhancement in coastal waters
still exist in the area of obtaining permits. This may be overcome to a degree if
regulatory agencies are advised of any planned activity well before a complete
work plan has been completed.

•

Seeding consolidated dredged material with prepared smooth cordgrass seed
during the appropriate time of the year can result in significant plant growth
and reproduction with a dramatic reduction in labor required for the hand
planting of cordgrass.

•

Contingency plans are needed whenever heavy earthmoving activities are
being done. This includes schedule changes due to equipment availability and
breakdown, and others due to weather.

• Partnering can be very useful when undertaking projects of this nature.
Working with local industries to achieve results that benefit the environment
on a win-win basis is to be especially sought out.

Edward Seidensticker
USDA/Natural Resources Conservation Service
7705 West Bay Road
Baytown, TX 77520
Phone: (281)383-4286
Fax: (281)383-4286
Email: eseidensticker@tx.nrcs.usda.gov
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Waterfront Revitalization Reusing Brownfields
Kenneth Walker
National Oceanic & Atmospheric Administration

Brownfields are abandoned, idled or underutilized industrial and commercial
properties where expansion or redevelopment is complicated by real or perceived
contamination. There are an estimated 450,000 brownfields in the United States,
not including a small percentage of the most contaminated sites handled under
the Superfund program (GAO). Many brownfields are located in coastal
communities, as historically, industry located along the shore for access to the
water for transportation, power and cooling. This is especially true in the “rust
belt,”or the older industrial areas in the Northeast and Great Lakes regions. As
regional economies have changed from heavy manufacturing to more diverse,
service-oriented economies, many industries have abandoned and left behind
waterfront sites where redevelopment is complicated by contamination.
Although these sites are often found in central cities close to population centers
and are serviced by public transportation and infrastructure, developers and new
industry usually choose to build on greenfields at the urban fringe, exacerbating
suburban sprawl and the loss of natural resources.
The Coastal Zone Management Act (CZMA) of 1972 encourages coastal states
to develop comprehensive coastal management programs to address a variety of
coastal issues, including protection and restoration of coastal resources,
revitalization of urban waterfronts and enhancement of public access for
recreational purposes. For many years, state coastal management programs, in
partnership with the National Oceanic and Atmospheric Administration (NOAA),
have supported local waterfront revitalization efforts that include the reuse of
brownfields. Typically, CZMA funds have been used to support planning for
reuse, engineering and site designs, and feasibility or relocation studies.
Although these grants are relatively small (usually less than $30,000), in many
cases these funds have served as seed money to leverage additional public and
private investment.
The clean up and redevelopment of brownfields in coastal communities presents
opportunities to revitalize urban waterfronts, enhance public access to the coast,
and restore coastal resources. This paper will examine how a partnership
between private industry and federal, state, and local governments resulted in
the clean up and reuse of a brownfield site along the Detroit River in Wyandotte,
Michigan. Despite environmental contamination resulting from over a century of
industrial activity, the 84 acre BASF Corporation site has been successfully
redeveloped as a waterfront park and public golf course.
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The City of Wyandotte is situated along the Detroit River just north of Lake Erie.
For the past century, the majority of Wyandotte’s waterfront has been occupied
by heavy industry, severely limiting the public’s access to and enjoyment of the
Detroit River. In 1980, BASF began phasing out operations at the obsolete
plants at the South Works site. As BASF consolidated its operations at the
North Works site in Wyandotte, it became evident the Corporation did not need
the 84 acre South Works riverfront site. According to Peter McInerney, former
Wyandotte Community Development Director, “the waterfront was taken by
industry in the 1800s, but now that industry was receding and the water quality
was improving, the concept of reclaiming the waterfront areas for public access
made a great deal of sense.” (Pepper 1997).
Although the site presented tremendous redevelopment opportunities, the soil
and groundwater on the site were contaminated from over a 100 years of chemical
manufacturing. In 1980, the State of Michigan filed suit against BASF for alleged
groundwater contamination, primarily due to mercury, polynuclear aromatics and
chlorinated hydrocarbons. The Michigan Department of Environmental Quality
ordered BASF to encase the site with a clay cap and prohibited future site
development. The prospect that BASF’s prime waterfront location might be
fenced off and never redeveloped stunned Wyandotte officials, who were in the
process of launching a city-wide revitalization campaign and considered
redevelopment of the riverfront to be an integral component (Pepper 1997).
City officials urged the State to consider alternative plans that would allow
reasonable reuse of the BASF site. After six years of testing and negotiating, the
State issued its first consent agreement for long term remedial action that did not
require encapsulation. The consent order required BASF to implement a longterm plan to prevent contaminated groundwater from discharging into the Detroit
river. This solution allowed the contaminated soils to be left in place and thus
paved the way for future development.
BASF Corporation agreed to lease the site to the City for $1 dollar a year for the
public’s recreational use and contributed $2 million towards the development of a
public park at the northern end of the site. In 1992, the city and BASF held a
series of public workshops to determine how the remaining two-thirds of the site
should be used. The workshops were attended by a broad range of
stakeholders, and early in the process, a golf course emerged as a popular
proposal.
The Michigan Coastal Management Program provided the City of Wyandotte
with approximately $30,000 in CZMA funding to develop a design plan and
engineering specifications for recreational use of the northern end of the BASF
site. Although modest, the CZMA planning funds served as a catalyst to
leverage additional state and local funds. The City of Wyandotte contributed
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$4.5 million and the State contributed $1.5 million from the Michigan Recreational
Bond Fund.
Today, the redeveloped property includes a public park with a riverfront walkway
and observation decks, picnic area, jogging trail and a rowing club, as well as the
public golf course. User fees will allow the golf course to be self supporting and
pay for maintenance of the public park. The cost of building the park was $3.9
million. The nine-hole par 36 golf course cost approximately $5.2 million in public
funds- supported primarily from Wyandotte’s tax increment finance district and
the issuance of tax increment bonds.
This case study provides an example of cooperation and coordination between
the private sector and local, state and federal governments which resulted in the
clean up and redevelopment of a waterfront into an recreational amenity for the
community. The synergy of this partnership, including open communication and
a commitment of all the players, has been recognized as the key element of this
successful project. Although many industries have simply closed their doors
and walked away from contaminated sites, BASF worked closely with other
partners until a workable solution was developed. In the process, the City
doubled the amount of waterfront accessible to the public and created a catalyst
for revitalization of the surrounding neighborhood. The Michigan Coastal
Management Program, in partnership with the National Oceanic and Atmospheric
Administration (NOAA), provided financial support to further the national goals
of revitalizing urban waterfronts and enhancing public access to the coast.
Citations:
Pepper, Edith M., Lessons from the Field: Unlocking Economic Potential with an
Environmental Key. Northeast Midwest Institute 1997.
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ABSTRACT

REVITALIZING URBAN COASTS AND WATERFRONTS – MILL
POND VILLAGE, ASTORIA OREGON
Catherine Brown, Chief Operating Officer, ShoreBank Pacific
Kathleen Sayce, Bank Scientist, ShoreBank Pacific

ShoreBank Pacific Companies have a mission to support the development of
conservation business. With a commercial, FDIC-insured bank - ShoreBank
Pacific (SBP), and a non-profit, high risk lender - ShoreBank Enterprise Pacific
(SEP), we can take a comprehensive approach to markets. Brownfield
developments bring with them a host of problems, making them inherently
riskier for redevelopment than the urbanization of open lands. When potential
sites are well located, and other partners are supportive of the project, then the
Bank works to find ways to do this. Redevelopment is important for several
reasons: it can slow urban sprawl; increase building density in areas where
infrastructure is already in place; and revitalize communities, neighborhoods and
waterfronts.
Mill Pond Village in Astoria OR is an example of an isolated, formerly
contaminated site on the waterfront next to the main commercial district of a
small coastal town. No developer would accept the risk and potential cost of
cleaning up such a site, nor could the community. City of Astoria led the project
through its commitment to a gateway master plan vision, which included
resolving brownfield issues, the primary block to redevelopment. SEP helped
the city manage risk. This is a story of partners. Without the city, the bank
could not have supported a developer or other entity working alone. Without
Oregon Department of Environmental Quality, the city could not have afforded
the cost of clean up.
SEP bridged the risk for City of Astoria with Bank of Astoria, but neither loan
ever had to close. SEP also helped the city manage title issues, political issues,
and insurance and liability management issues. When the developer came in,
SBP provided financing for more conventional phases of redevelopment.

Catherine Brown & Kathleen Sayce
ShoreBank Pacific
P O Box 400
Ilwaco WA 98624
Phone: 360-642-1166
Fax: 360-642-3780
cab@sbpac.com
kas@sbpac.com
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ABSTRACT

MAKING A BROWNFIELD GREEN (AS IN PROFITABLE)
Art DeMuro, President, Venerable Properties, Inc., Portland, Oregon

The Clatsop Lumber Mill was founded on the banks of the Columbia River in
Astoria, Oregon western America’s oldest settlement. Nearly a century of
environmental abuse left this 16-acre property a “bombsite” at Astoria’s front
door and offered the Department of Environmental Quality (DEQ) a critical
opportunity for brownfield salvation in Oregon. This paper describes the final
stages in the redevelopment of the brownfield site after the City of Astoria and
DEQ completed the clean up.
Ultimately, the private developer in search of profit must convert a brownfield
site into a successful redevelopment that can be sold to end users for homes,
work or play. If properly executed, the combination of planning, construction
and marketing will create the attractive new face for a site with an unattractive
history.
Venerable Properties acquired this site and began the Mill Pond Village
development in 1999. The development process included Prospective Purchaser
Agreement implementation, site planning in concert with municipal goals,
composition of environmental and architectural guidelines, construction of
infrastructure and model homes, market research and sales to lot buyers and
builders.
Currently, Venerable has completed nearly all of the DEQ-required remediation
measures—soil capping, weir installation, pond bank stabilization and
groundwater monitoring. Construction of the infrastructure for Stage One is
complete. Additionally, five of the 16 residential lots and the sole Stage One
commercial lot have been sold.

Art DeMuro
President
Venerable Properties, Inc.
322 NW 5th Ave, Suite 301
Portland, OR 97209-3828
Phone: (503) 224-2446
Fax: (503) 244-2311

756

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

SPEARHEADING ELLIOTT BAY REGIONAL RESTORATION
Timothy J. Clancy, NOAA Restoration Center Northwest
Introduction
Over the past century and a half, urban development and associated activities
have dramatically changed the character of the Elliott Bay and Duwamish River
shorelines. Changes have included water and sediment pollution and physical
habitat destruction and modification. The Elliott Bay/Duwamish Restoration
Program is implementing an integrated, urban baywide restoration program.
The Need for Restoration
Prior to development, Elliott Bay supported 600 acres of estuarine habitat and
the lower Duwamish shoreline supported nearly 4,000 acres of wetland habitat.
Wetlands were drained and filled to create land for agriculture, commerce and
urban development. Diversion of tributaries reduced the river’s drainage basin
and flow by over 70%. Dredging to create the Duwamish Waterway, replaced
nine meandering miles of river with a straight, deep, four-mile-long channel.
The effects of eliminating natural shoreline habitat were compounded by the
filling of marshes and mudflats, creation of steep bulkhead and riprap banks,
removal of vegetation, and construction of buildings and pavement. It is
estimated that these actions eliminated about 98% of the lower Duwamish
River’s wetlands. It is presumed the loss of intertidal habitat along Elliott Bay
and the lower Duwamish River has had an adverse impact on fish and wildlife
resources.
Pollution of sediment and the water column associated with urban development
has also affected fish and other aquatic life in Elliott Bay and the Duwamish
River. Studies have identified polychlorinated bi-phenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), phthalates, and other synthetic organic
chemicals in sediments. Toxic metals such as mercury, copper, cadmium, silver,
arsenic, zinc, and tin have also been identified. Areas of contaminated sediment
tend to be located at or near areas of existing or historic industrial activity or at
historic areas of untreated sewage discharges.
The Elliott Bay/Duwamish Restoration Program
The Elliott Bay/Duwamish Restoration Program (EB/DRP) is an intergovernmental program established under a 1991 Consent Decree to help
remediate contaminated sediment and restore natural habitat associated with
combined sewer overflows and storm drains. The program involves both
sediment remediation and habitat development projects (Figure 1).
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The parties to the consent decree are the U.S. Department of Commerce’s
National Oceanic and Atmospheric Administration (NOAA), U.S. Department
of the Interior (acting through the U.S. Fish and Wildlife Service), Washington
State Department of Ecology, Muckleshoot Indian Tribe, Suquamish Tribe, City
of Seattle and King County Department of Natural Resources (formerly
METRO).
The parties make up the Panel, which has the authority to establish procedures,
determine project funding, gather data, plan and approve projects, establish
source control goals, establish standards and manage projects. The Panel is
assisted by two technical working groups, a public participation committee, and
a budget committee.
Sediment Remediation
The Sediment Remediation Technical Work Group has been systematically
evaluating the program area to identify sediment remediation opportunities
through a structured process that includes public input. Remediation is
conducted in accordance with Washington State Sediment Management
Standards. Four projects have been selected:
1. Pier 53/55 Cap and Natural Recovery Area
This project was completed in 1992 when 22,000 cubic yards of clean sand was
placed over 4.5 acres of chemically contaminated bottom sediments offshore of
Piers 53,54 and 55 in downtown Seattle. The site is on property owned by the
Washington State Department of Natural Resources and is at the location of a
former deep water sewer outfall. The project consists of a 3-foot-thick cap
covering 2.9 acres offshore and an experimental 1-foot-thick enhanced natural
recovery area covering 1.6 acres nearshore. Monitoring (10-year program)
indicates the cap is stable and not eroding, contaminants are not migrating from
underlying sediments, and the benthic community is approaching the pre-cap
composition.
2. Norfolk Combined Sewer Overflow (CSO).
The Norfolk CSO project was completed in 1999 and entailed dredging up to 9
feet in PCB “hotspots” and from 3-6 feet in other less contaminated areas of the
site. 1,900 cubic yards of sediment with PCB concentrations greater than 45
ppm (dry weight) and 3,290 cubic yards of sediment with PCB concentrations
less than 45 ppm were dredged and disposed of upland. 6,700 cubic yards of
clean sandy backfill were placed, bringing the cleanup area back to pre-dredge
elevations. A five-year monitoring program has been implemented.
3. Duwamish Pump Station CSO/Diagonal Storm Drain.
The Duwamish/Diagonal project is at the site assessment and alternatives
evaluation stage.
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4. Central Waterfront Cleanup
The Central Waterfront project required a major recontamination study
completed in 1995 and future projects will be determined late in the year 2000.
Habitat Development
The Habitat Development Technical Working Group has identified restoration
opportunities through a structured, public, screening process. Three Geographic
Focus Areas in the program area were chosen for habitat development projects.
Panel-supported habitat acquisition has also occurred in the middle portion of
the Green River watershed. Six projects have been identified:
1. Elliott Bay Nearshore Habitat Enhancement
Completed in February 1998, the project placed oyster shell, quarry spalls, pea
gravel and rock in the otherwise featureless intertidal and subtidal environment
of Duwamish Head on property owned by the Washington Department of
Natural Resources. Epibenthic monitoring indicates the substrate has provided
enhanced habitat for a variety of important juvenile organisms.
2. Seaboard Lumber
Currently under construction, this habitat project is located on the site of the
former Seaboard Lumber Mill. The project design removed and encapsulated
contaminated upland soil, removed pre-existing upland and in-water structures,
and created 1.8 acres of intertidal marsh excavated from elevation +11.2’ to +6’
MLLW, and planted intertidal marsh and riparian vegetation.
3. Hamm Creek
Currently under construction, the Hamm Creek project will provide 2,300 feet of
new stream channel, fish passable culverts, two acres of freshwater wetland, and
a one-acre intertidal estuarine marsh with a fish friendly connection to the
Duwamish River.
4. Turning Basin Number 3.
This project (in permitting phase) will provide significant gains in intertidal and
subtidal mudflats through prohibition of moorage, removal of upland and inwater structures, and recontouring and revegetating filled uplands to provide an
enhanced intertidal estuarine wetland through the creation of intertidal
“benches” at various target elevations.
5. North Wind’s Weir
This project (in permitting phase) will construct a 1.03 acre intertidal basin
excavated from an elevation of +6 to 15’ MLLW. Project goals include the
improvement of riparian conditions, shoreline stabilization, and providing new
off-river intertidal habitat for juvenile salmonids at a critical portion of the
Duwamish River.
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6. Porter Levee
This project was completed by the U.S. Army Corps of Engineers on a 30-acre
parcel of property purchased by the Panel in 1999. The project restored the
Green River’s connection to 8 acres of isolated side channel and 13 acres of
riparian wetland by excavating a notch in the Porter Levee. The side channel
was further enhanced by the addition of snags and other habitat features. The
entire site was replanted with native wetland and riparian vegetation.
Difficulties Encountered / Lessons Learned
Numerous obstacles have been faced and overcome by the Elliott
Bay/Duwamish Restoration Program in the process of achieving restoration.
•

Consensus Management
The Consent Decree intended the decision making process to be based, if
possible, on consensus. While this approach provides equal input of the
seven parties, with input from the public, it can induce delays in the
decision making process while all viewpoints are reviewed and analyzed.

•

Limits on Planning and Design Funding
The Consent Decree limited the amount of planning and design expenses to
maximize funds for project implementation. However, the amount of
planning and design necessary to implement habitat development and
sediment remediation projects has proven to be more expensive than
originally envisioned. This was especially true for sediment remediation
projects when state laws changed requiring more extensive cleanup plan
documentation. Amending the Consent Decree to shift funds to planning
and design was a lengthy process.

•

Real Estate Acquisition
Natural resource agencies compete with developers for limited and
expensive commercial property available along the Duwamish River
industrial corridor and Seattle waterfront.

•

Disposal of Contaminated Sediment
Limited disposal options and high disposal costs for contaminated sediment
reduces the amount of site clean-up possible when funding is limited.

•

Permitting Requirements
Beneficial restoration projects require federal, state, and local permits like
any other commercial development activity. This is a lengthy and
expensive process. Examples of required permits include:
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Federal
Section 10 of the Rivers and Harbors Act of 1899/Section 404 of the Clean
Water Act [includes National Environmental Policy Act (NEPA) and State
Environmental Policy Act (SEPA)]
State
Hydraulic Project Approval (Washington State Department of fish and
Wildlife).
Water Quality Certification (Washington Department of Ecology).
Authorization for use of state-owned aquatic land (Washington State
Department of Natural Resources).
Local
Master use/building/grading/drainage/shoreline permits.
•

Sediment Remediation Documentation
Conducting the studies and site sampling necessary to prepare documents
required by the Washington State Department of Ecology to conduct
sediment remediation activities is a lengthy and expensive process.

•

Other Federal Requirements
Endangered Species Act:
Compliance with the Endangered Species Act adds additional
documentation and time to project implementation due to interagency
consultation requirements. Chinook salmon - National Marine Fisheries
Service (1999). Bull Trout - U.S. Fish and Wildlife Service (1999).
Essential Fish Habitat:
Compliance with the Magnuson-Stevens Act as amended and reauthorized
by the Sustainable Fisheries Act adds additional documentation and time to
project implementation due to Essential Fish Habitat consultation
requirements with the National Marine Fisheries Service.
Conclusion

Restoring lost or injured natural resources in an industrialized, urbanized, and
degraded environment can be frustrating due to limited opportunity, high cost,
consensus decision making, and numerous federal, state and local requirements
for implementation. However, significant progress is being made by the natural
resource trustees comprising the Elliott/Bay Duwamish Restoration Program in
restoring the ecosystems of Elliott Bay and the lower Duwamish River.
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POTENTIAL BEACH NOURISHMENT SITES IN CALIFORNIA:
WHERE SHOULD THE SAND GO?
Melanie A. Coyne, NOAA Coastal Management Fellow

Introduction
Beach loss along much of the California coast has become a significant problem
over the past decades. This problem will be exacerbated in future years by
increased development pressures on existing beach resources and decreased
supplies of natural sediment to and along the coast. As an intermediate step to
developing a long-term coastal sediment management plan, the state has
identified beach nourishment as a potentially successful tool for enhancing
beach areas. Successful use of this tool in California has been impeded by an
inability to prioritize proposed beach nourishment sites using objective,
technically-based criteria. This problem is compounded by a lack of complete
and up-to-date information on existing beach and nearshore resources.
Beach nourishment started in California in the early 1900s, when sand was first
placed on beaches to mitigate erosion caused by the creation of Santa Barbara
Harbor and as a by-product of the excavation of Newport Harbor. Since then,
most of California’s beach nourishment efforts have been by-products of
excavation and harbor maintenance dredging projects; the placement of sand on
the beach has been secondary to the primary purpose of enhancing navigation.
Nourishment projects that occur in this manner are termed “opportunistic,” as
the existence of the project is governed by the availability of sand, not by the
need to control beach erosion.
In most opportunistic cases, the sand is placed on the downcoast beach nearest
the sediment source, regardless of whether or not disposal at that site will best
serve the sediment needs of the area. In order for limited sand resources and
very limited beach restoration funds to be administered most effectively, with
sand going where it is most needed rather than where it is most convenient or
politically expedient, potential beach nourishment sites throughout the state
must be identified based on technical, rather than political or financial, criteria.
The ultimate goal of coastal sediment management efforts in California is a selfsustaining coastal sediment system that enhances recreational and coastal
protection opportunities and environmental resources.
Model Development
The development of a technical review model for identifying potential beach
nourishment sites is an application-driven, rather than a data-driven, process.
The identification of criteria on which to base the model began with research
into the history of California beach nourishment in an effort to identify the
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causes of shoreline change and institutional responses to those changes. While
an extensive chronological history of nourishment events was easily compiled,
supplemental information about the causes of beach loss or results from postnourishment monitoring was much more difficult to find, thus limiting any
conclusions that could be made in support of selecting particular criteria for the
model. Other research led to the compilation of a preliminary list of technical
criteria, which was supplemented by other factors that affect beach nourishment,
such as environmental constraints, limitations on using public funds for beach
nourishment, and logistical constraints on constructing projects. This work
resulted in a first-round list of approximately 200 criteria.
The list of preliminary criteria was whittled down through discussions with a
technical advisory committee composed of government experts, professional
practitioners and university researchers. In its final form, the technical review
model consists of 13 main criteria divided into 4 filters; each criterion is based
upon a series of data types.
Model Criteria
The review model is a dynamic filtering system with unweighted criteria. There
are 4 main filters in the model: technical, environmental, access and logistical.
Table 1. Model Criteria
Filter Layer
Criterion
Technical
Extant and narrowed beach
Erosion potential
Compartmentalization
Proximity to sediment sinks
Proximity to sediment sources
Nearshore slope and subsidence
Environmental
Proximity to Marine Protected Areas
Proximity to Environmentally Sensitive Areas
Access
Beach ownership
Availability of public access
Availability of public facilities
Logistical
Construction access
Seasonal constraints
Other
Sediment budget
Beach nourishment history
Backshore development
Wave climate
Watershed and littoral cell boundary
Beach erosion history
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Priority
1
1
1
1
1
3
2
2
1
1
3
3
2

Technical
The first filter layer focuses on the technical criteria (Table 1) that are used to
determine how a particular site serves the sediment needs of its littoral cell. The
technical criteria will first establish the existence of a beach, and its beach width
history, using current and historical beach width information. The actual versus
potential rate of sediment transport will be used as a proxy for the erosion
potential at a site. In addition, shoreline orientation and seasonal fluctuations in
incoming wave direction will be considered when evaluating the position of a
beach within a littoral cell. The existing natural and artificial
compartmentalization of the beach (through the existence of rocky headlands,
groins, etc.) is an important feature in considering potential beach nourishment
sites, as studies have shown that compartmentalization is a key factor in the
durability of nourished beaches. The proximity of a target beach to sediment
sinks and sources can also be significant in determining the role of a beach
within its littoral cell. Finally, the slope of the nearshore and localized
subsidence rates will be considered. The beaches that pass through the first filter
will be those sites that are technically suited to beach nourishment, given the
uncertainties in the input data; as such, these criteria have the highest priority
within the model. While this layer alone would satisfy the initial intent of the
project, other filters and criteria are included to provide a more focused list of
viable nourishment sites.
Environmental
Analysis of issues encountered in the environmental review of beach
nourishment projects in California from the past 20 years as well as discussions
with environmental specialists resulted in the classification of environmental
criteria. These criteria fall into two general categories: Marine
Managed/Protected Areas and areas of Environmental Sensitivity. Marine
Managed or Protected Areas are officially designated at the federal, state or
local level with restrictions on allowable activities within the boundaries of the
areas. These restrictions can include offshore sand dredging and the disposal of
sand on the beach. Environmentally sensitive areas may or may not overlap with
Marine Managed Areas. These are primarily habitat areas that must be
considered when planning a beach nourishment project; they are both offshore,
at potential borrow sites, and onshore, at potential disposal sites. Examples
include nesting and feeding grounds for protected bird species, offshore and
nearshore kelp and sea grass beds, and hard bottom reef communities. While
beach nourishment and offshore dredging are expressly forbidden in some
Marine Managed Areas, these activities likely will be constrained, either
physically or temporally, rather than prohibited altogether in areas of
environmental sensitivity. For this reason, a second-order priority is assigned to
these criteria within the model.
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Access
In order for state funds to be spent on beach nourishment, sufficient beach
access must exist at the target site and the beach must be publicly owned.
Sufficient beach access has been defined by the Department of Boating and
Waterways as an existing public access point at least every one-half mile within
and adjacent to the potential beach nourishment site. Sites where facilities exist
to sustain large numbers of people, through available parking or restroom
facilities, etc., might also take precedence over sites that are less well equipped.
Logistical
The final core filter level is logistical. These criteria include construction access,
which considers vehicular access to the beach and availability of a construction
staging area at the site, and seasonal constraints, which incorporate variability in
wave climate, sediment transport and habitat usage. This level is low priority in
the model and in terms of data acquisition, because these criteria will not affect
which sites are chosen so much as when and how projects are constructed.
Other
The other considerations (Table 1) would be useful to know as supplementary
information, but are not likely to affect the identification of a potential beach
nourishment site because they are common across the scale of evaluation.
Model Execution
The first step in the execution of the model was the determination of the method
to be employed. A Geographic Information System (GIS) was the logical choice
for the environment in which the model will be executed, given the spatial and
database analysis capabilities of GIS. A project of this type requires the
integration of disparate data types from different sources; in addition, data that
are incorporated into the GIS can be updated and replaced as new information is
developed. Potential users at the state government level will be trained in the use
of the model, for which a customized graphical user interface will be developed.
While the model is designed for application along the entire coast of California,
a pilot study area was selected to test the applicability of the chosen criteria and
filters. The geographic basis of analysis is the littoral cell. Of the state’s 27
major littoral cells, the San Pedro cell in Orange County was selected as the
pilot site because the county and the Army Corps of Engineers were in the
process of finalizing an extensive coastal study at the time of the model
development. While initial data acquisition was focused in this area, the model
framework was designed to ensure a standardized review throughout the state.
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The most important consideration in prioritizing the criteria for data acquisition
and development is that the criteria yield an unbiased and significant result. The
values in the “Priority” column of Table 1 reflect the importance of each of the
13 main criteria. An initial assessment of existing data revealed that data to
address the first-priority criteria, when available, do not exist in digital form.
Most of the data generation efforts are focused primarily on the digitization of
hard copy data. The identification of potential beach nourishment sites in
California is the primary goal of this project; however, this is just one of the
many benefits that will be derived from this project. A list of data gaps that
prevent the successful execution of the model tops the list of benefits, as this list
will provide a basis for much-needed resource inventory studies. This is
followed closely by the creation of an informal Coastal California GIS atlas. In
addition, the model will not only illuminate viable beach nourishment sites
based on all of the criteria, but also the model will highlight those areas where
improvements can be made, such as increased beach access and parking. Use of
the model results at the state and local level will allow coastal managers to better
allocate limited financial and sediment resources towards the end goal of
healthy, self-sustaining beaches throughout the state of California.

Melanie A. Coyne
NOAA Coastal Management Fellow
45 Fremont St. Suite 2000
San Francisco CA 94105-2219 USA
Phone: (415) 904-5298
Fax: (415) 904-5400
Email: mcoyne@coastal.ca.gov
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COASTAL LANDSLIDING ON PUGET SOUND
Hugh Shipman, Washington Department of Ecology
Coastal landsliding is a significant and pervasive natural hazard along the
shorelines of Puget Sound. The steep bluffs that surround Puget Sound face
intense development pressure due to their views, waterfront access, and
proximity to major metropolitan centers, yet these same bluffs are at serious and
continuing risk of coastal landslides.
During the winter of 1996-1997, heavy rainfalls triggered two major episodes of
shallow landslides and debris avalanches in a broad portion of the Puget
Lowland. During the winter of 1998-1999, elevated regional groundwater
contributed to the reactivation of several large, ancient landslides, including one
that required abandonment of over 30 homes and another that closed U.S.
Highway 101 for several months. In this paper, we use the events of these two
wet winters to illustrate the nature of landslide hazards in the Puget Lowland.

A. Shallow landslide

B. Large slump

C. Mid-slope bench landslides

D. Deep-seated rotational landslide

Figure 1. Common landslide types along Puget Sound shorelines.
Puget Sound's shoreline includes at least 660 miles of unstable bluffs [Thorsen,
1989]. These bluffs represent centuries of erosion by waves and streams.
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Although slides can occur on almost any steep slope, most landslides in this
region occur in a widespread geologic setting that places permeable glacial
outwash sediments in contact with underlying impermeable fine-grained clays
and silts, creating a zone of elevated pore water pressures and potential
instability. A vast majority of landslides in this area occur in response to heavy
rains or elevated groundwater levels.
Winter of 1996-1997
The winter of 1996-1997 exemplified the effect of extremely heavy precipitation
on the initiation of shallow landslides and debris avalanches. The previous
winter of 1995-1996 was wet and numerous landslides occurred throughout the
Pacific Northwest [Harp and others, 1996]. Rain was again intense in late 1996,
leading up to the events of the week between Christmas and New Years.
Another round of heavy rains resulted in a second series of landslides midMarch, 1997. A majority of landslides along the shoreline were debris
avalanches, shallow failures that primarily affected a thin veneer of weathered
soil and vegetation (Figure 1A).
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Figure 2. Precipitation records for SeaTac airport south of Seattle for
December, 1996 and January, 1997. Lower curve indicates daily precipitation
while upper curve shows a 7-day running total that may better predict soil
saturation and landsliding.
Four meteorological factors combined in late December, 1996 to trigger the
huge numbers of slides that began New Year's Eve and continued for several
days. These were: record setting 15-month precipitation, snowstorms, freezing
rain (less significant for slides than for other elements of the disaster), and
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heavy rainfall [U.S. Army Corps of Engineers, 1997]. Total precipitation for the
week ending January 2 exceeded 7 inches (Figure 2). In addition, much of the
precipitation early in the week fell as snow and its rapid melting contributed to
soil saturation and slides after the 31st.
Among the hardest hit areas during this event was Seattle, where hundreds of
slides occurred. Most were shallow debris avalanches along the steep slopes of
Puget Sound and Lake Washington, although deeper slides on mid-slope
benches (Figure 1C and Figure 3) were also common. The slides occurred in the
same general areas as slides in previous wet years, including those of 1972 and
1986.

Figure 3. Houses destroyed along Perkins Lane on Seattle's Magnolia Bluff,
following 1996-1997 winter. This area is characterized by a distinct mid-slope
bench (see Figure 1C).
The railroad grade between Seattle and Everett, which was built along the beach
at the toe of the bluffs in the late 1890s, was impacted by as many as 130
landslides, temporarily shutting down rail operations. The most notable slide
occurred on January 15, when a very large landslide occurred in Woodway,
south of Edmonds, pushing a train into the Sound. This slide occurred in an area
where the tracks were relocated waterward in the 1950s to avoid repeated
landslides. In addition to being an important freight corridor, this line is used by
AMTRAK and will soon be used for regional commuter rail service, raising
important public safety issues.
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The most tragic landslide of the 1996-97 winter occurred on January 19th when a
debris avalanche killed a family of four in their home in the Rolling Bay
community on Bainbridge Island. Ironically, a nearby house had been destroyed
the previous year by a slide and another was damaged by a slide in March, 1997.
This location illustrates well the potential risk to structures located at the foot of
steep slopes - a common circumstance throughout the Sound where beach
communities were built on artificial fill below coastal bluffs.
Winter of 1998-1999
The winter of 1998-1999 did not experience the heavy rains seen two years
earlier and few shallow landslides were reported. Overall wet conditions for
several years, however, led to elevated groundwater levels which are believed
responsible for the reactivation of numerous very large, deep-seated landslides
throughout the Puget Lowland. Such slides are rarely life-threatening, unless
they trigger secondary shallow slides, but may involve large areas and existing
developments. Many of these slides occur on benched slopes such as those
characterized by Figures 1C and 1D.
U.S. Highway 101, along the western shore of Hood Canal north of Lilliwaup,
experienced two major landslides (Mileposts 122 and 126) during the winter,
both in locations of previous sliding. The slides destroyed several homes and
forced extended closures of the highway which serves as a critical transportation
corridor. Major efforts are underway to stabilize these landslides with intensive
drainage, regrading of the slopes, and structural improvements.

Figure 4. Toe bulge of large landslide on northern Hood Canal that reactivated
during early 1999. Beach surface has been elevated several feet, underlying
glacial clays have been exposed in an arcuate band across the beach (foreground
and left distance), and ponding of water has occurred on the upper beach (right
distance).
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Perhaps the most significant landslide of the winter was the reactivation of an
ancient feature along the shore north of Olympia, within the Carlyon Beach
community. Residents of over 30 homes were required to abandon their houses
when a large landslide began moving in February. The slide extended
approximately 3000 feet along the shore and several hundred feet inland in a
relatively gently sloped area not previously identified as a large landslide.
Deep-seated landslides also occurred in 1999 at Thorndyke Bay and
Termination Point (Figure 4) on Hood Canal, at Sunrise Beach in Thurston
County, on the east side of Bainbridge Island, and north of Kingston. All of
these slides occurred in developed areas or in areas where development had
recently been proposed. Movement is often only a few feet - sufficient to
damage roads, structures, and utilities - but not enough to result in large scale
landscape changes. Many of these slides would be difficult to recognize from
the air and the evidence for recurrent movement is rapidly lost - due either to
vegetation or, ironically, to reconstruction and new development. Where the
failure surface of a landslide is near sea-level, rotational movement typically
results in the formation of a toe bulge (Figure 4) that may significantly alter the
appearance of the beach.
Discussion
The winters of 1996-1997 and of 1998-1999 illustrate two fairly different
landslide hazards common on Puget Sound. The heavy rains of the first winter
caused hundreds of shallow landslides that did tens of millions of dollars in
damages to structures built on or immediately adjacent to steep slopes. These
slides are rapid and catastrophic. Structures at the bottom of slopes are
particularly vulnerable. The winter of 1998-1999 resulted in few shallow
landslides, but witnessed the reactivation of numerous large, deep-seated
landslides. Movement was often slow and relatively small, but was more than
sufficient to destroy or seriously damage homes and public roads.
Most landslides occurred in areas previously identified as unstable. Shallow
landslides tend to occur on steep slopes, damaging homes built with too little
setback from either the top or the bottom of the slope. Areas prone to deepseated landsliding may be more difficult to identify, particularly where slopes
are gradual and heavily vegetated. Effectively regulating new development on
these slides may be difficult when there is little evidence for recent movement or
where site-specific engineering analyses are to narrowly focused to recognize
the presence of a much larger slide feature. Large, catastrophic slides such as
at Woodway are relatively rare, but their location and timing is particularly
difficult to predict and they would be enormously destructive were they to occur
in a developed area.
Landslide prone areas are mapped along Puget Sound's shoreline in the
Washington Coastal Zone Atlas [Washington Department of Ecology, 1978772

1980]. These maps are commonly referred to in local ordinances and are
valuable tools for both consultants and the general public (Figure 5). They have
been out of print for many years and the Department of Ecology is currently
pursuing republishing the maps on the internet.

Figure 5. Slope stability map from Washington Coastal Zone Atlas [1980]. The
landslide shown in Figure 3 is located near the label 'Fourmile Rock'. (Legend:
U - Unstable, I - Intermediate, S- Stable, Urs - Unstable Recent Slide).
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ABSTRACT

VISUALIZATION OF DEVELOPMENT ALONG COASTAL BLUFFS
David Hart, Coastal GIS Specialist, University of Wisconsin-Madison LICGF
Tracy Miller ,Visualization Specialist, University of Wisconsin-Madison LICGF

Bluff erosion and coastal flooding pose threats to residents and public facilities
along the Lake Michigan coast of Wisconsin. These threats are more
pronounced in periods of high lake levels, especially when storms occur.
Considerable work has been invested in updating information on development
patterns, bluff stability factors, and recession rates for the Lake Michigan coast.
These projects provide useful information to better understand shore erosion and
its risks. However, most of the products from these studies remain in technical
reports that are difficult access for non-technical stakeholder to access. This
presentation examines the development of computer-based tools to visualize and
simulate development along coastal bluffs in three dimensions. Visualization
tools based on site-specific geospatial data can effectively communicate the
risks and hazards associated with coastal development and the long term
implications of planning decisions. The potential audience for such visualization
tools includes local planning and zoning boards, emergency management staff,
local elected officials, coastal landowners, real estate professionals, financial
institutions, and insurers.
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EL NIÑO VERSUS LA NIÑA ALONG THE OREGON COAST
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Introduction
Analyses have been completed of the El Niño and La Niña processes that are
important to erosion along the coast, including a detailed documentation of the
wave conditions and mean water levels (Komar et al., 1999a; Komar et al., in
review). Storms experienced along the Oregon coast during the last two
winters were truly exceptional. On one occasion during the El Niño winter of
1997-98 the deep-water significant wave height reached 10 meters. This
approximates the then projected elevation of the 100-year storm event based on
the previous 15 years data. During the La Niña winter of 1998-99 the deepwater significant wave height reached this elevation on four occasions. A
deep-water significant wave height of 14 meters was reached during one of
these storms. Such extreme conditions resulted in erosion all along the Oregon
coast and significant erosion at several 'hot spots'. These observations have
important implications to the application of models that can be used to predict
extreme runup and foredune retreat as a basis for establishing oceanfront
construction setbacks.
Short Term Events
Along dune-backed shorelines of the Oregon coast extreme wave and water
levels associated with storm events is the primary factor affecting shoreline
stability (Figure 1). Tides, storm surges, barometric pressure effects,
temperature effects, and baroclinic currents all affect mean water level (Figure
2). Superimposed upon these longer term elevations in mean water level are
short-term variations associated with the passage of waves and expressed at the
shoreline as runup. Extreme water surface elevations achieved during storms
result from the simultaneous occurrence of individual maxima within this range
of forcing events. In terms of flooding, or wave overtopping , it is the
magnitude of the storm water level that is of particular interest. In terms of
erosion, or wave undercutting, storm duration and direction as well as
magnitude need to be considered.
The response of the foredune system to storm wave attack is its rapid retreat
landward: Sand is transferred from onshore to offshore. Rip currents are often
an important element of nearshore circulation during these storms. By
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Figure 1. Factors affecting shoreline stability along dune-backed shorelines of
the Oregon coast. The focus on this work is on short-term events.

Figure 2. Illustration of factors affecting total water level and hence the
potential for wave overtopping and undercutting along dune-backed shorelines.
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focusing wave attack, they accentuate erosion locally. When wave and water
levels drop following the storm the foredune system gradually advances
seaward: Sand is transferred from offshore to onshore, thus completing what is
typically referred to as the storm/post-storm recovery cycle.
In terms of storminess the Oregon coast exhibits a marked seasonality. In
summer, regional atmospheric circulation is dominated by the North Pacific
High. This brings fair weather, north-north westerly winds, and low waves. In
winter, regional atmospheric circulation is dominated by the Aleutian Low, a
series of low pressure centers that pass over the North Pacific at intervals of
several days to a week or two. These winter storms bring heavy rains, strong
south to southwesterly winds, and high waves. Because winds and waves tend
to arrive from the southwest during the winter and from the northwest during
the summer, Oregon coast littoral cells generally exhibit a seasonal reversal in
the direction of longshore as well as cross-shore transport. Net transport tends
to be offshore and to the north in winter: onshore and to the south during the
summer.
Recently, considerable attention has been given to interannual variations in
storminess or so-called ENSO events, a continuum of atmospheric and oceanic
conditions in which El Niño and La Niña can be viewed as opposite extremes
(Komar, 1986; Peterson, et al., 1990; Komar,1998; Komar et al., 1999a; Komar
et al., in review). The El Niño end of the continuum is characterized by a
decrease in the Trade Winds in the Pacific Ocean and in turn equatorial
upwelling. During a La Niña Trade Winds and in turn upwelling are
increased. There are also important differences between El Niño and La Niña
in terms of processes that control flooding and erosion along the Oregon coast.
During an El Niño sea level 'waves' originating at the equator plus the more
local effects of warmer offshore water and strong northward-flowing currents
produce an extended period of elevated mean water levels along the Oregon
coast. When the 1997-98 El Niño reached its maximum development, the
monthly mean water level was raised by 70cm (Figure 3: Komar et al., 1999a;
Komar et al., in review). Comparable increases in mean water level were also
observed during the 1982-83 El Niño (Komar, 1986). Water levels were
elevated, albeit briefly, by the occurrence of storm surge during extreme La
Niña storms. However, in contrast to El Niño, monthly mean water levels were
close to normal during the 1998-99 La Niña.
During an El Niño storm tracks are diverted south and, as a result, fewer than
normal storms reach the Oregon coast. This is not the case during a La Niña,
where storm tracks cross directly over the Oregon coast and there is an increase
in the frequency and intensity of storms. These differences are reflected in the
monthly mean significant wave heights observed during the 1997-98 El Niño
and 1998-99 La Niña, which show that wave heights were about 1m lower
during the El Niño than the La Niña (Figure 4).
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Figure 3. Monthly mean water levels determined by averaging the measured
tides in Yaquina Bay on the Oregon Coast. Monthly means for the 1982-83 and
1997-98 El Niños are contrasted with the 1998-99 La Niña and with the 33-year
average (from Komar et al., in review).
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Figure 4. Monthly averaged significant wave heights from daily measurements
of waves by NDBC and CDIP offshore buoys (from Komar et al., in review).
Although wave heights are generally lower during an El Niño than a La Niña ,
they are higher than normal during both El Niño and La Niña. Of the two
major storms that occurred along the Oregon coast during 1997-98 El Niño, the
highest waves occurred during the November 19-20, 1997 event. Deep-water
significant wave height reached 10m during this storm (Figure 5). This
approximates the projected 100-year wave height based on the buoy data
spanning the 15 years prior to the occurrence of the 1997-98 El Niño (Komar et
al., 1999b). (Wave heights were lower during the January 17-18, 1998 event.
However, owing to the elevated mean water levels noted above, higher total
water levels were reached during this event.) During the 1997-98 La Niña the
deep-water significant wave height reached or exceeded 10m on four
occasions. The March 2-4, 1999 event was truly exceptional. Deep-water
significant wave height reached 14m during this storm (Figure 6).
By generating a more southwesterly approach of storm waves, the southward
displacement of storm tracks that occurs during an El Niño affects erosion along
the Oregon coast in another important way. During both the 1982-83 and 199798 El Niño sand shifted from the southern ends of littoral cells,
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Figure 5. Analyses of the November 19-20, 1997 storm in terms of the
measured tide level (ET), the deep-water significant wave height (Hs), the
calculated wave runup (R2%), and the total water level (R2% + ET). Elevations are
in NGVD29m (from Komar et al., in review).

Figure 6. Analyses of the March 2--4, 1999 storm in terms of the measured tide
level (ET), the deep-water significant wave height (Hs), the calculated wave
runup (R2%), and the total water level (R2% + ET). Elevations are in NGVD29m
(from Komar et al., in review).
where extreme beach erosion occurred, to the northern ends where the beach
actually accreted in some instances. Tidal inlets all along the coast were also
deflected northward and the north sides of these inlets were eroded during the
El Niños. This localization, or the occurrence of so-called "hot spots", is a
characteristic pattern of erosion during an El Niño (Komar, 1986; Komar,
1998; Komar et al., 1999a; Komar et al., in review). It stands in contrast to
erosion observed during the 1998-1999 La Niña, which was more coast wide
(Komar et al., 1999a; Komar et al., in review).

781

Very recently it has been recognized that in addition to ENSO events there are
other interannual, interdecadal, and even longer variations in storminess
affecting flooding and erosion along the Oregon coast. For example, so-called
PDO events are characterized by a shift between warm-dry and cool-wet
climatic phases over a period of 20 to 30 years (JISAO/SMA, 1999). It appears
that the warm-dry phase favors the occurrence of El Niño conditions.
Conversely, the cool-wet phase favors the occurrence of La Niña conditions.
What is particularly important is the suggestion that a phase change from
warm--dry to cool-wet conditions may have occurred in the mid-1990's.
Because the cool-wet phase favors the occurrence of La Niña conditions and
La Niña conditions are associated with an increase in the frequency and
intensity of storms in the Pacific Northwest, the Oregon coast may be expected
to experience an increase in flooding and erosion. Further, an analysis of
spatial and temporal variations in the wave climate of the North Pacific
suggests that the heights of storm waves have progressively increased during
the last three decades (Allan and Komar, 2000; Allan and Komar, in review).
Along the Oregon coast the annual average increase in winter significant wave
height is about 3cm.
Implications to Potential for Overtopping and Undercutting. Komar et al.,
(1999b) summarize extreme wave and water level statistics. Water levels are
based on an analysis of 24 year data set obtained from the Yaquina Bay tide
gauge. They range from 2.2 to 2.6m NGVD29 for 5 to 100 year return
intervals respectively (Table 1). Significant wave heights are based on an
analysis of a data set from the CDIP Bandon buoy spanning the years 1981-96. They range from 7.3 to 9.3m for 5 to 100 year return intervals respectively
(Table 1). A more recent analysis of wave height statistics has been conducted
(J. Allan, personal communication). This analysis is based on data collected
from the NDBC Newport buoy between 1975 and 1999. Unlike the earlier
CDIP data set, this data set includes the 1997-98 El Niño and 1998-99 La Niña
events. The results of this analysis yield significant wave heights that range
from 11.9 to 15.8m for 5 to 100 year return intervals respectively (Table 1).
This information provides the basis for assessing the implications of El Niño
and La Niña , as well as differences between the two, to the potential for
flooding and erosion along the Oregon coast. Three sets of event scenarios are
identified in Table 2, with each scenario representing a different water level and
wave height combination. Scenario #1A and #1B are both a '5 year/5 year'
water level/wave height combination.
Assuming independent event
probabilities, both represent a 25 year event. The difference between the two is
that the value for the wave height in Scenario #1A is from the earlier 'normal'
analysis and the value for the wave height in Scenario #1B is from the later 'El
Niño - La Niña' analysis. This distinction also applies to Scenario #3A and #3B,
except that both are a '50 year/50 year' water level/wave height combination and
correspondingly represent a 2500 year event. In contrast to the others, Scenario
#2A and #2B represent differences between El Niño and
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La Niña events respectively. Both are 125 year events, however, reflecting
differences in the relative importance of mean water levels and storm wave
heights between an El Niño and a La Niña, Scenario #2A is a '25 year/5 year'
water level/wave height combination and Scenario #2B is a '5 year/25 year'
water level/wave height combination.
Using a relationship given in Ruggiero et al., (1996) to calculate wave runup,
the difference in the storm total water level achieved under Scenario #1A
versus Scenario #1B is 1m, or about 20% greater during El Niño-La Niña than
normal conditions (4.6m versus 5.6m respectively). A comparable difference
exists between Scenario #3A versus Scenario #3B (5.5m versus 6.6m
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respectively). Expressing this another way, the storm total water level
achieved during a normal 2500 year event is comparable to that achieved
during a 25 year El Niño-La Niña event! Although less marked, Table 2 also
shows that there are differences between an El Niño and a La Niña in terms of
the storm total water level. Specifically, the storm total water level achieved
under Scenario #2A is 0.4m less than Scenario #2B (5.8m versus 6.2m
respectively), or the La Niña reaches an elevation roughly 5 to 10% higher than
the El Niño. Thus, in terms of potential overtopping the La Niña represents a
somewhat greater concern than El Niño.
A simple geometric model described by Komar et al. (1999b) is used to project
the potential extent to which foredunes are undercut by wave runup during
extreme storm events. This model translates the existing beach/dune form
landward in response to elevated storm water levels according to the following
relationship:
E

m a x

=

(WL - Hj) + _BL
tanß

(Formula 1)

where Emax is the maximum potential extent of foredune retreat; WL is the
storm total water level; Hj is the elevation of the beach/dune junction; _BL is
vertical shift in the beach profile that can result from the presence of a rip
current - here set equal to 0; and tanß the beach slope.
The results of this analysis indicate that potential foredune retreat is over twice
as great under Scenario #1B as it is under Scenario #1A (68m versus 32m
respectively). Although not quite as great when comparing Scenario #3A with
Scenario #3B, El Niño-La Niña conditions result in potential foredune retreat
that is still more than half again as much as normal conditions (62m versus
99m respectively). As was the case with the storm total water level, the
potential foredune retreat associated with a normal 2500 year event is
comparable to that associated with a 25 year El Niño-La Niña event! When
compared to each other potential foredune retreat is 12 m, or about 10 to 20%
less, for El Niño than it is for La Niña conditions (74m versus 86m
respectively).
It is important to note that the simple geometric model is not time dependent:
The model assumes that the extreme storm event is of unlimited duration.
Numerical simulations using the U.S. Army Corps of Engineers SBEACH
model suggest that much if not most of the profile change induced by storms
occurs rapidly. However, time periods as long as one month may be needed to
develop the fully eroded profile predicted by the geometric model (W.
McDougal, personal communication). This suggests that estimates of the
extent of foredune retreat obtained from the simple geometric model are best
viewed as possible maxima (Komar et al., 1999b). It also raises another issue
with respect to differences in potential undercutting during El Niño versus the
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La Niña conditions. Because elevated mean water levels exist for an extended
period of time during an El Niño, it may make up for in duration what it
perhaps lacks in intensity and frequency when compared to La Niña.
Conclusions
In terms of the El Niño versus La Niña processes that control flooding and
erosion along the Oregon coast, the following differences were noted above.
• Mean water levels are raised during an El Niño. During the 1982-83
and 1997--98 the amount of increase was 60 to 70cm. During a La Niña
mean water levels were for the most part close to normal.
• Wave heights are higher during a La Niña. During the 1998-99 La Niña
monthly-average wave heights were about 1m higher than they were
during the 1997-98 El Niño. During both El Niño and La Niña wave
heights are higher than normal years.
• During an El Niño storms track south of the Oregon coast. During a La
Niña storms track directly across the Oregon coast. As a result, patterns
of erosion observed along the Oregon coast differ during El Niño and La
Niña. During an El Niño erosion tends to be concentrated at 'hot spots'
located north of headlands and inlet mouths. Erosion is more coastwide
during a La Niña.
In terms of the application of models that can be used to predict potential
overtopping and undercutting, these observations have at least two important
implications.
• Water level and wave height statistics need to based on data sets that
include the 1997-98 El Niño and 1998-99 La Niña. This point is
particularly relevant considering very recent work which suggests an
increase in the frequency and intensity of storminess along the Oregon
coast (JISAO/SMA, 1999; Allan and Komar, 2000; Allan and Komar,
in review).
• Combinations of water level and wave height statistics used to establish
extreme total water levels need to encompass the potential differences
between El Niño and La Niña conditions.
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USE OF COMPUTER-BASED EROSION MODELING IN THE SITING
OF MULTI-FAMILY DWELLINGS ALONG
THE ALABAMA GULF COAST
Carl Ferraro, Coastal Programs, Alabama Department of Environmental
Management
Scott Douglass, Department of Civil Engineering, University of South Alabama

To protect the Gulf of Mexico beach and dune system of Alabama, beachfront
condominiums are being set farther back from the water than the coastal
construction control line. This is an example of both a unique regulatory
approach that is based on sound science for resource management and of a
successful storm-damage mitigation strategy for beachfront development.
In October 1994, the Alabama Department of Environmental Management
(ADEM) adopted regulations which required that a site-specific analysis be
included with any application for a permit to construct a motel, hotel,
condominium or other multi-unit residential development on properties fronting
the Gulf of Mexico (ADEM Admin. Code 335-8-2-.08). The analysis was
required to address the flood hazard and erosion potential at proposed project
sites.
Based on this new requirement, the ADEM funded a study by the University of
South Alabama to determine which erosion model(s) were most appropriate for
use along the Gulf coast of Alabama (Douglass and Sanchez, 1996). Most of
the existing models for estimating storm-induced dune erosion were considered
and three were evaluated in detail: the EDUNE model (Kriebel, 1994), the
SBEACH model (Larson and Kraus, 1989), and what was referred to as
"Hallermeier and Rhodes" method (Hallermeier and Rhodes, 1988). The study
also included an evaluation of dune profile data from before and after the 1979
landfall of Hurricane Frederic. These data were used to compare the results
obtained from the different dune erosion models to the actual erosion which took
place during Hurricane Frederic.
Based on this study, two models were adopted by the ADEM for use in its
evaluation of permit applications. In areas where dune elevation is high enough
that storm surge is not expected to overwash the dunes, the EDUNE computer
based model is preferred based on its ability to accurately hindcast dune erosion
during Frederic. The model is applied for a specific input storm (cosine-squared
surge shape with +10 ft. peak and 12 hour duration, H=15 ft.) The selection of
this “design-storm” for the purposes of the regulatory decisions was based on
considerations of risk level. This level of storm probably corresponds to a storm
with a recurrence interval between 10- and 50-years. In terms of local
experience, it is a storm with impacts and characteristics between those of
Hurricanes Opal (1995) and Frederic. In areas where dune elevation is low
788

enough that overwash is expected, a modified form of “Hallermeier and
Rhodes” method (with a 1:50 slope up from pre-storm +3 foot beach contour,
based on the Frederic behavior) is preferred.
Beginning in 1995, ADEM began utilizing the models to evaluate permit
applications for multi-unit residential sites. In almost all cases, the EDUNE
model was utilized. In order to develop the contour data for the model, 2
elevation profiles were taken along north-south lines ¼ of the property width
from the east and west borders. This information was then input into the model
and post-storm erosional profiles were generated for each profile. The location
of the multi-unit dwelling and the ADEM construction control line were then
superimposed onto the profiles to determine if the predicted line of erosion from
the storm would intrude landward of the seaward edge of the proposed structure.
If the predicted line of erosion did not intrude landward of the seaward edge of
the multi-unit structure, then it was assumed that the structure would not have a
negative impact on the beaches and dunes during a storm or hurricane of model
strength. If the landward limit of erosion predicted by the model did intrude
landward of the seaward edge of the multi-unit structure, then it was assumed
that the structure would have an impact on the beaches and dunes during a storm
of that strength. The philosophy here is that the dune provides a natural
reservoir of sand for the beach system during storms and if a structure stops that
reservoir from eroding it starves and damages the beach system there and on
adjacent properties.
Initially, in order to compensate for this impact, the placement of mitigation
sand seaward of the structure and/or the construction control line was required.
The volume of the dune enhancement sand required was determined by utilizing
the post storm eroded profiles to calculating the volume of sand predicted that
would be eroded landward of the seaward edge of the multi-unit structure if the
structure was not there. The developer of the site was then required to place
this volume of sand seaward of the structure and/or the construction control line
as mitigation for the impact of the building. Additionally, in order to ensure
that this volume of sand was maintained even after storms, some developers
were required to execute a deed restriction which required annual dune
monitoring and the replacement of sand if monitoring revealed that the amount
of sand in the dune system seaward of the construction control line dropped
below a certain volume. At least five multi-unit developments were permitted
with these requirements.
However, based on observations made following Hurricane Opal, it was
determined that requiring the placement of mitigation sand based on the eroded
profiles was inadequate to mitigate for the impact these structures had on the
beach and dune system. Based on these observations, the ADEM developed a
different approach in utilizing the data provided by the dune-erosion model.
Starting in 1997, developers wishing to construct a new multi-unit development
on Gulf-fronting properties were required to locate all multi-unit structures and
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any retaining walls, bulkheads or similar structure completely landward of the
inland limit of erosion predicted by the dune-erosion model. All structures
located seaward of the predicted inland limit of erosion were required to be pilesupported or constructed in such a manner that they would not act as retaining
walls, bulkheads or similar structure during a storm. Under this new "move
back" approach, six multi-unit structures were required to be constructed 10 to
60 feet farther landward than originally proposed by the developers. At two
other sites, the predicted line of erosion was only five feet landward of the
seaward edge of the multi-unit structures. These sites were not required to
relocate the structures. However, they were required to add a significant volume
of sand to the area between the edge of their seaward structures and the
construction control line. Additionally, one site was located between two
existing multi-unit developments. The inland limit of erosion predicted by the
model at this site was landward of seaward edge of the proposed multi-unit
structure and the two existing structures. However, given the fact that siting the
proposed structure landward of the two adjacent structures would provide little
benefit to the beach and dune system, it was decided to allow the proposed
structure to be built in line with the adjacent structures. This was slightly
landward of the developer’s original proposal. Additionally, the placement of
mitigation sand was required and the monitoring and maintenance requirements
were also imposed.
During September 1998, Hurricane Georges struck the Gulf Coast. This
provided the ADEM with the first opportunity to gather data on the effectiveness
of this new approach. Observations were made at all of the sites permitted
under the new "move back" approach, with transect data collection collected at
several sites. This observation and data collection confirmed that utilizing
EDUNE to site the structures was effective. The majority of the multi-unit
structures permitted since the "move back" approach was adopted were
landward of the erosion caused by the Hurricane Georges and none of these sites
suffered serious storm surge-induced damage. Additionally some sites suffered
severe erosion only a few feet seaward of the building. In some cases, if the
developer had been allowed to construct the structure where originally proposed,
a large portion, if not all, of the structure would have been undermined during
the storm and would probably suffered severe or catastrophic damage.

Carl Ferraro
ADEM Coastal Programs
4171 Commanders Drive
Daphne, AL 36615
Voice: (334) 432-6533
Fax: (334) 432-6598
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UNDERSTANDING THE VULNERABILITY
TO COASTAL HAZARDS
J. Michael Hemsley, National Data Buoy Center

Abstract
With nearly half the U.S. population living in the coastal zone, it is imperative that
we understand the risks associated with our decision to live there and reduce those
risks whenever possible. The National Weather Service (NWS) has set goals to
improve all its forecast products, with some particularly specific goals for the coastal
zone. These include a 30 percent improvement in the accuracy of wind and wave
forecasts, extending forecasts from 36 hours to 7 days, and reducing over-warned
coastline from 45 to 30 miles, all by 2005. These will be accomplished through
improved models fed more and better data from satellites, volunteer observing
ships, and marine platforms such as those of the National Data Buoy Center
(NDBC).
This paper will provide a brief introduction to NDBC and describe the data collected
from its stations. More important, though, the paper will provide information on
how to obtain those data in real time for use in planning for and conducting
emergency and recovery operations. The latest data are available both through the
NDBC Web site and via phone (Dial-A-Buoy). Dial-A-Buoy can also provide the
marine forecast. Historical data may be accessed by several means, which will also
be described in the paper.
Having data on present conditions allow emergency managers to assess the
potential for damage, stockpile materials and supplies before the storm, and plan the
response after the storm. Historical data help planners develop their contingency
plans.
Accessing Data on Current Conditions
NDBC is an organization within the NWS of the National Oceanic and Atmospheric
Administration (NOAA). NDBC came into existence in the late 1960’s as a part of
the U.S. Coast Guard, in an effort to create one program for gathering meteorological
data from platforms at sea. In 1970, NDBC and its buoy development and operation
program were transferred to NOAA, and its headquarters were moved to the John
C. Stennis Space Center in southern Mississippi. NDBC operates its program with
a staff of Government civilians, U.S. Coast Guardsmen, and a Technical Services
Contractor.
NDBC currently operates more than 120 stations offshore or along the coasts of the
United States. These are nearly equally divided between buoy stations and Coastal791

Marine Automated Network (C-MAN) stations. Both current and historic locations
of NDBC stations are shown on the Web site www.ndbc.noaa.gov.
Four types of buoys are operationally deployed, three discus and one boat shaped.
The oldest style of buoy is the 12-m discus buoy. Only one 12-m is still
operationally deployed, in the Bering Sea. It is scheduled to be replaced by a boatshaped buoy this summer. Six 10-m discus buoys are operationally deployed, three
in the Gulf of Mexico and three in Southern California. They are used in the Gulf to
provide the buoyancy required to support extra chain in the upper mooring to
improve mooring survival in encounters with fish trawls or long lines. The three 10m buoys in Southern California were selected for the deployment of Acoustic
Doppler Current Profilers (ADCP) in support of an effort for the Minerals
Management Service. Installation of the ADCPs on these buoys allows for them to
be serviced at sea. The remaining buoy stations are either 3-m discus buoys, used
in relatively nearshore areas, or 6-m boat-shaped buoys called NOMADs, a term
given them by the U.S. Navy when they were developed, and which stands for
Naval Oceanographic and Meteorological Automatic Device.C-MAN stations are
fixed platforms located at or near the shore. They are installed at lighthouses, on
piers, at U.S. Coast Guard stations, on the beach, and on offshore platforms. Some
are easy to access, while others are sometimes more difficult to reach than buoys.
The data collected at all of NDBC’s stations include: wind speed, direction, and
gust; atmospheric pressure; and air temperature. From buoys and some C-MAN
stations, nondirectional wave data, to include height, period, and energy spectra,
are collected. Directional wave data are collected from a number of buoy stations,
and continuous winds (six separate 10-minute averages of wind speed and direction)
are collected at many stations. Other data sets that are often collected from NDBC
stations include: ocean current data, both point and profile; relative humidity; solar
radiation; and rainfall, although these data may not be released as routinely as the
other data are.
All data are collected and transmitted at least hourly, and sometimes more
frequently, through the Geostationary Operational Environmental Satellite (GOES)
and a ground station at Wallops Island, VA, to the NWS Telecommunications
Gateway (NWSTG) in Silver Spring, MD. At the NWSTG, the data undergo routine,
automatic quality-control checks before being routed to forecasters via the Global
Telecommunications System (GTS). Typically, the data are in the hands of the
forecasters within 20 minutes of their collection by the station.
Both the raw and the quality-checked data are received at NDBC, where they are put
on NDBC’s Web page for near-real time access by users other than NWS
forecasters. They are also subjected to additional scrutiny to identify subtle errors
that were not discovered at the NWSTG or to restore good data that were
improperly removed during the automatic process. This helps ensure that, when the
data reach the archives, they are as complete as possible and correct.
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As the NDBC network has grown, the data from its stations have become more
important to those who need them during emergencies. With the advent of the
World Wide Web and the establishment of NDBC’s Web site, the data have become
even more available to users outside the NWS. “Hits” on the Web site have
steadily grown as the site has become better known, with an average of nearly one
million “hits” monthly and many more during hurricanes and other significant
storms. Before near-real time data were available on the Web site, its popularity was
considerably less significant. It is the availability of these real-time data that makes
the Web site of value to those who are involved with mitigating the vulnerability of
the coasts to natural hazards, particularly storms.
When a storm is approaching a coast, it is important to predict where that storm will
hit, especially powerful, tight storms such as hurricanes. By accessing current data,
the emergency manager can make determinations about the potential for damage,
decide whether or where to stockpile materials and supplies before the storm, and
plan the response after the storm. Those data are available on the NDBC Web site,
www.ndbc.noaa.gov, as well as via a computer-generated voice on a dial-up system
called “Dial-A-Buoy.” By calling 228-688-1948, the latest data from any station can
be accessed by entering a station address or a latitude and longitude. When a
position location is given, data from the nearest station are provided.
Historical Data
Historical data help planners develop their contingency plans. Historical data from
NDBC are also available on its Web site. The coastal planner or manager must also
be aware of the other extensive data sets available for use in determining what areas
of coastline have been particularly vulnerable to damage in storms. Some of these
data will come from discussions with faculty members at local or regional
universities. Investigations may have been performed, for example, on sediment
cores taken in the coastal zone. These cores can indicate when significant storms
have occurred throughout history, making it possible to evaluate the probability of
return occurrences. Considerable data are available from the NOAA data centers,
the National Oceanographic Data Center, National Climatic Data Center, and
National Geophysical Data Center, whose Web sites are www.nodc.noaa.gov,
www.ncdc.noaa.gov, and www.ngdc.noaa.gov, respectively.
One source of information on what long time series have been gathered in the
coastal area is a report funded by the National Science Foundation and prepared by
the Woods Hole Oceanographic Institution, Woods Hole Oceanographic Institution
Technical Report WHOI-93-49, “Long Time Series Measurements in the Coastal
Ocean: A Workshop,” by C.L Vincent, T.C.Royer, and K.H. Brink. The report is
short, but its Appendix of existing federally managed, long time series efforts is
invaluable.
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Conclusion
Everyone involved in coastal zone management is eventually involved in attempting
to mitigate coastal hazards. The hazards may be natural or caused by humans.
Natural hazards, especially storms, are still difficult to predict, although models and
prediction techniques are becoming better all the time. It is possible to understand
them better and therefore be able to make the best possible decisions concerning
actions to be taken to mitigate their effect. Knowing what data are available is
important. Real-time data help the emergency planner or coastal zone manager make
the best decision as the storm is approaching. Historical data allow those same
people to anticipate what might happen to their portion of coastline through a study
of its history. It is important to be informed of the data that are available.

J. Michael Hemsley, PE
Chief, Systems Engineering Division
National Data Buoy Center
Stennis Space Center, Mississippi 39529
Phone: 228-688-2490
Fax: 228-688-3153
Email: mhemsley@ndbc.noaa.gov
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DISTRIBUTION OF LIDAR DATA VIA THE INTERNET
Michael Hearne, Technology Planning and Management Corp., Coastal Remote
Sensing Program, NOAA Coastal Services Center
Andrew Meredith, Technology Planning and Management Corp., Coastal
Remote Sensing Program, NOAA Coastal Services Center
Abstract
There are a large number of remotely sensed data sets in the public domain, but
few of them are readily available or usable by the coastal resource management
community. One of the goals of the NOAA Coastal Services Center is to take
these data, remove the burden of data processing from the user, and create a
more useful end product.
LIDAR (LIght Detection and Ranging) is a technology that creates a promising,
but difficult to use, data set. The Center has a vast quantity of high-resolution
topographic LIDAR data for many of the beaches within the 48 contiguous U.S.
states. To distribute this data to as many people with differing technological
capabilities as possible, we developed the LIDAR DAta Retrieval Tool
(LDART). LDART utilizes various web technologies that allow users to select
data from specific areas and to define the final output product. The user can
specify geographic projections, datums, and file formats. By providing this
LIDAR data via the Internet, the Center aims to help coastal resource managers
make environmentally sound, scientifically defensible policy decisions.
What is LIDAR?
Light Detection and Ranging (LIDAR) is a remote sensing technology that is
used, among other applications, to collect topographic data. The LIDAR data
distributed by the Center is collected through a partnership with NASA and the
United States Geological Survey (USGS). The Center, NASA, and USGS
scientists are using the data to document topographic changes along shorelines.
These data are collected with an aircraft-mounted laser system known as the
Airborne Topographic Mapper (ATM). The ATM collects 3,000 to 5,000 spot
elevations per second as the aircraft travels over the beach at approximately 60
meters per second (135 miles per hour). Using the ATM, an onboard inertial
navigation system, and global positioning system (GPS) satellite receivers,
researchers have been able to survey beach elevations to a vertical accuracy of +
20 centimeters. (Meredith et. al., 1998)
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What is LDART and Why Was It Created?
LDART is a World Wide Web based data selection tool requiring only a
standard browser, such as Netscape® or Internet Explorer®. The system
provides a facility to extract LIDAR data from the Center database for a specific
geographic area, as a user-definable product. The user can then download the
data product via the File Transfer Protocol (FTP).
LIDAR data is received by the Center from NASA on CD-ROM, after mission
post-processing that produces precise latitude, longitude, and elevation (x, y and
z) values for each laser ranging measurement. The total data set is now 176 CDROMs, containing over one billion elevation measurements, or more than 44
Gigabytes of raw x, y, z data. Given the richness of these data, and the
increasing demand for access to it, we created an automated system that would
allow users to define their own data product parameters.
A LIDAR data set of appreciable size contains hundreds of thousands of
individual elevation measurements; for example, the ATM collects about eightythousand measurements in one pass over a one-kilometer section of beach, and
the aircraft generally makes two or four passes over the same stretch of beach. It
can take several minutes to simply draw the points using standard geographic
information system (GIS) software. We recognized the limitation of this point
data for most of our customers, and worked to produce data in such a format that
would allow users to easily incorporate this remote sensing data into a GIS.
How Does LDART Work?
The LDART User Interface:
The interface to LDART uses a combination of different technologies (Table 1).
The user interface is comprised of three Web pages, each using a different
Internet technology. The introductory page for LDART is a simple HTML form,
that allows us to gather necessary information such as the user's email address,
and optional information such as name and organization. The email address is
used to notify the user of completion of data processing and to supply a complete
metadata record. The second page uses MapObjects® ESRI Internet Map
Server technology to allow users to select the state, survey dates, and spatial
boundaries of interest through a graphical user interface (Figure 1).
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Table 1. Technologies involved in LDART.
Technology
Use
Hypertext Markup Language
Introductory web page with user
(HTML)
information form
Common Gateway Interface (CGI)
Client (web browser)- server (CSC)
interactions
MapObjects® ESRI Internet Map
Visual selection of spatial boundaries
Server
Java
Interactive selection of data parameters

Used to select
geographic
boundaries

Used to select
survey dates
Used to select state
of interest
Figure 1. ESRI Internet Map Server MapObjects® interface.
Defining the Final Product
The final page contains a Java applet for selecting the data parameters that
define the final product generated by LDART (Figure 2). An applet is a small
program that runs inside a browser. In this case, it allows the user to enter
information more interactively than an HTML form. Once the user selects the
appropriate parameters and clicks the Start button, the information on the applet
form is sent off to the Center's Web server. Using the Common Gateway
Interface (CGI) protocol and Perl (a scripting language), the server estimates the
file size based on the user-defined parameters and the number of data points that
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fall within the spatial boundaries. The file size estimate is presented to the user
in a window with options to submit the request or to go back and further refine
the parameters.

Figure 2. - Java applet queries for user-selected options
Users are provided numerous options to define the final data product generated
by LDART. These options include horizontal and vertical datums, projection,
vertical units of measure, binning method and cell size, and output file format
(Table 2). Many of the choices will depend on the specifics of datasets already
maintained by the user. The binning method and file format will depend on the
application of the data.
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Table 2. User-defined data parameters. For explanations of horizontal and
vertical datums, see either of the following web pages: http://www.ngs.noaa.
gov/faq.shtml or http://www.utexas.edu/depts/grg/gcraft/notes/coordsys/
coordsys_f.html.
Parameter
Horizontal
datum

Options
ITRF94,
NAD83, NAD27

Vertical
datum

Ellipsoid,
NAVD88,
NGVD29

Vertical
units
Projection

Feet, meters

Binning
method

File format

Geographic,
UTM, State
Plane 1983, State
Plane 1927
None, Smoothed,
Averaged,
Minimum,
Maximum

x,y,z points,
binary raster file,
GeoTiff

Considerations
Choose horizontal datum to match other
spatial data
NAD83 is the most common datum
Choose vertical datum to match other
vertical data
NAVD88 and NGVD29 are "mean sea
level" datums
Choose units to match other vertical data
Choose projections to match other spatial
data or local regulations
Choose None for access to point data
Choose Smoothed for contours
Choose Averaged, Minimum, or Maximum
depending on type of surface required
Minimum cell size should be 2 meters
Select cell size appropriate for feature
identification
Choose x,y,z points for access to ASCII
point data
Choose binary raster file for GIS analysis
Choose GeoTiff for viewing

Binning method, in this case, refers to the way in which we create a regular grid
from the irregularly spaced raw LIDAR data (Figure 3). If a user chooses
Average as a binning method, the average value of the elevation measurements
found within a single cell will be assigned to that cell. Choosing Minimum or
Maximum as a binning method will result in the minimum or maximum elevation
value found within a cell being assigned to that cell. Cells with no measurements
(Figure 3) will not be assigned a value, unless the Filled box is checked. In that
case a value for an empty cell will be interpolated from previously filled
surrounding cells, using an Inverse Distance Weighting (IDW) method.
Choosing Smoothed as a binning method will result in every cell being filled by
IDW interpolation. This method is advised if the final product is a contour map.
The output raster file contains no information about which cells contain original
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data and which cells contain interpolated data, so caution is advised for those
who choose this method.

Figure 3. Irregularly spaced data points placed in a grid.
The selected output file format option depends on a user's level of expertise, and
application for the data. Users who are comfortable dealing with point data may
choose x,y,z points. This is a comma delimited text file containing the x, y, and
z positions of the points selected by the user. For those users who are
comfortable with raster data in a GIS, the binary raster file is an attractive
option, as it imports easily into ArcView® with Spatial Analyst®. For those
users interested in the kind of information LIDAR data can provide, GeoTiff is
an excellent option. Most image processing and manipulation software
(PaintShop Pro®, Photoshop®) packages can read GeoTiffs with no difficulty,
and it is possible to insert them into recent versions of word processing software
like Word® and WordPerfect®. This is not a format recommended for data
analysis, because precision is lost when converting to the GeoTiff format.
Conclusions
Topographic LIDAR data is being used for determining regulatory setback lines,
and for identifying habitat for endangered beach plants. It has also been used to
quantify sand volume changes on beaches in North Carolina, assess impacts from
El Niño on the U.S. West Coast, and investigate variations in shoreline response
to different storm events. Anyone interested in working with a high-resolution
digital elevation model in coastal regions should investigate this data source.
LDART can deliver GIS-ready remotely sensed data to anyone with a browser
and a reasonably fast connection to the Internet, and the addition of GeoTiff as
an output format allows those who are not as knowledgeable about GIS or
remote sensing see the types of information that LIDAR can provide.
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LDART can be found at the following web address: http://www.csc.noaa.gov
/crs/tcm/index.html
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COASTAL AMERICA’S COASTAL ECOSYSTEM LEARNING CENTERS
Betsy Salter, Education/Outreach Coordinator
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Interagency coordination or cooperation, Education programs for K-12, Tourism
Beginning in 1996, Coastal America formed a network of Coastal Ecosystem
Learning Centers, primarily at aquariums, to enhance public education about the
value of coastal ecosystems. The Learning Center program was initiated to address
the rapidly escalating requests from the public for more information about coastal
ecosystems resulting from popular education efforts including country wide beach
clean-ups, live marine mammal shows and TV specials. In addition, with 50% of the
U.S. population living within fifty miles of the coast and expected to increase to 70%
by 2050, it is critical to inform the public about the importance of coastal
ecosystems, and the risks posed by increasing stress on these systems.
The Coastal Ecosystem Learning Centers network currently includes 11 locations
around the country:
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø
Ø

Alaska Sealife Center, Seward, AK
Hatfield Marine Science Center, Newport, OR
Monterey Bay Aquarium, Monterey, CA
Texas State Aquarium, Corpus Christi, TX
The Florida Aquarium, Tampa Bay, FL
National Aquarium in Baltimore, Baltimore, MD
New York Aquarium, Brooklyn, NY
Mystic Aquarium, Mystic, CT
The New England Aquarium, Boston, MA
International Game Fish Association’s Fishing Hall of Fame and Museum,
Dania Beach, FL
The Waikiki Aquarium, Honolulu, HI

This Learning Center network is a partnership between federal, state, local and
private entities to (1) educate the general public about the importance of protecting
and restoring coastal resources; (2) produce and distribute appropriate learning
materials and resources; and (3) accomplish educational goals in a creative and costeffective manner through the coordinated use of existing authorities and programs.

The Coastal America partnership agencies are dedicated to providing support for
these Coastal Ecosystem Learning Centers in their efforts to create an information
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network that will more effectively meet the growing public need for coastal
ecosystem information. Coastal America’s federal partners have a wide variety of
resources that can be utilized by the Coastal Ecosystem Learning Centers. For
example, the Environmental Protection Agency presented each aquarium with a
certificate for an education/outreach day aboard EPA’s ocean survey vessel the
“Peter W. Anderson” and the U.S. Fish and Wildlife Service provided confiscated
fish and wildlife materials and products for educational and display purposes.
Several agencies provided education materials including a curriculum on water
issues, coloring books, videos and posters and speakers have been provided for
various aquarium events. Technical expertise includes assistance from the U.S.
Army Corps of Engineers, Jacksonville District to the Florida Aquarium to develop
an exhibit on the Restoration of the South Florida Ecosystem, and from the U.S.
Geological Survey and National Marine Fisheries Service to assist the New England
Aquarium with an exhibit on the decline of the George’s Bank fishery. By extending
the federal partnership to these private facilities and sharing Coastal America’s
expertise and materials, a more efficient and effective coastal information network
has been created to educate the public on the value of our coastal resources.
Betsy Salter
Education/Outreach Coordinator
Coastal America Partnership
300 7th Street, S.W.
Washington, D.C.
20250-0599
Phone: 202-401-9923
Fax: 202-401-9821
email: salterb@fas.usda.gov
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THE NATIONAL AQUARIUM IN BALTIMORE’S ROLE AS A
COASTAL ECOSYSTEM LEARNING CENTER
Glenn G. Page, Director of Conservation
National Aquarium in Baltimore

The mission of the National Aquarium in Baltimore (Aquarium) is to inspire
stewardship of aquatic environments. Through powerful exhibit re-creations and
conservation education, we have played a valuable role in raising awareness of
the importance of the Chesapeake Bay and its watershed. In 1997, Coastal
America pledged long-term support with the designation of the Aquarium as a
Coastal Ecosystem Learning Center (CELC). This designation brought the
Aquarium into partnership with 11 federal agencies that share the common goal
of restoring and protecting marine and coastal ecosystems. The Coastal America
partnership agencies are dedicated to providing support for these Coastal
Ecosystem Learning Centers throughout the country in their efforts to create an
information network that will more effectively meet the growing public need for
coastal ecosystem information. Coastal America's federal partners have a wide
variety of resources that can be used by the Coastal Ecosystem Learning
Centers. By extending the federal partnership to these private facilities and
sharing Coastal America's expertise and materials, a more efficient and effective
coastal information network can be created to educate the public on the value of
coastal resources. In 1998, we developed a plan to strengthen this role through
science-based conservation activities featuring community-based tidal wetland
restoration and rescue, rehabilitation and release of marine mammals and sea
turtles. The aquarium is a unique CELC in that it has a Conservation Department
specifically focused on these issues.
Through hands-on stewardship of protected species and tidal wetlands, we
provide a platform for a greater awareness of the condition of the Chesapeake
Bay and coastal waters as well as a pathway for action. With resources from
multiple private and public partners, the program utilizes current technologies to
track environmental conditions and creatively present this information to the
public. For example, in partnership with the National Oceanic and Atmospheric
Administration (NOAA) and the National Estuarine Research Reserve (NERR) in
Virginia, the Aquarium is establishing a real-time continuous water quality
monitoring and weather station near Ft. McHenry National Monument on the
Patapsco River in Baltimore, MD. The location of Ft. McHenry is strategic in
many ways: it is a significant cultural landmark that receives over 600,000 visitors
each year; it is adjacent to a ten-acre created tidal wetland that the Aquarium is
currently monitoring and maintaining; it is located at the head of a tidal tributary
that receives waters from three highly urbanized watersheds (Gwynns Falls,
Jones Falls, and Patapsco River); and, the highly urbanized Chesapeake Bay
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location provides an ideal platform to communicate watershed dynamics and
pollution issues through the interpretation of water quality and weather data.
This program presents a unique opportunity to address many significant
environmental issues while cultivating minority representation in applied coastal
sciences. In partnership with Morgan State University (MSU) a minority serving
institution, we are training minority undergraduate and graduate students in the
use of continuous water quality and weather monitoring instruments at Ft.
McHenry, consistent with the protocols currently employed at NOAA’s
Chesapeake Bay NERR in Virginia. Trained with equipment and protocols,
students in this program become qualified candidates for internships and job
openings at sites throughout the country utilizing current monitoring
technologies.
Through the use of equipment and technology, the Aquarium/MSU partnership
will provide a venue to train students in a multitude of applied environmental
monitoring techniques, including the use of desktop geographic information
system (GIS) software to analyze the data and communicate results to the public.
The program will serve to catalyze involvement of Minority Serving Institutions
in Chesapeake Bay watershed research efforts.
From an education perspective, we view the Chesapeake Bay tidal wetlands - the
interface between land and water - as an ideal platform to interpret the broad
issues of human impact on the land and on the water. Specifically, through onsite learning, we address non-point source pollution and watershed dynamics
and their impact on water quality in the estuary and coastal areas. We focus on
persistent marine debris that accumulates in urban tidal wetlands and its impact
on protected species and shallow water habitat. The potential fate of debris
allows us to make the connection between human activities and marine mammal
health as well as the health of tidal wetlands.
Through this partnership, the Aquarium has developed a Conservation Program
to achieve the following objectives:
•
•
•
•
•
•

Develop environmental awareness and cultivate a local conservation
leadership base;
Lead scientifically sound and highly visible local restoration projects;
Show the public the link between tidal wetlands and the ocean and its
inhabitants
Assist in formulating solutions to critical conservation issues;
Benefit from the combined resources of the partners in areas of public
relations and leadership training; and
Expand its community presence through effective action.
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Our conservation plan is ambitious and requires support and resources from all
of our stakeholders. The long-term effectiveness of the Aquarium as a CELC
depends on the resources that are made available through the Coastal America
partnership. The success at Ft. McHenry provides a model for future
collaboration but also depends upon a dedication of support through Coastal
America as a constant and ever increasing resource.
The Coastal Ecosystem Learning Center network extends and maximizes the
effectiveness of federal, state, local and private entities to identify coastal
educational opportunities and encourage the production and dissemination of
learning materials and resources; and accomplishes educational goals in a
creative and cost-effective manner through the coordinated use of existing
authorities and programs. The Aquarium, through its Conservation Program, has
proven that partnerships such as those formed with Coastal America as a CELC
lead to successful and cost-effective environmental conservation and restoration
projects as well as education and outreach opportunities/programs.

Glenn G. Page
National Aquarium in Baltimore
Conservation Department
Pier 3, 501 East Pratt Street
Baltimore, MD, USA
21202-3194
Phone: (410) 576-3808
FAX: (410) 576-1080
Email: gpage@aqua.org
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ENCOURAGING VISITORS TO THINK OUTSIDE THE BOX (OR
WALLS) OF A MARINE SCIENCE CENTER
Bill Hanshumaker, Hatfield Marine Science Center

Introduction
Oregon State University’s Hatfield Marine Science Visitor Center (HMSVC)
strives to create a unique, dynamic environment for lifelong exploration and
discovery of coastal and marine resources. HMSVC encourages adults and
children to enjoy marine science while promoting an understanding of how
scientific research enhances our ability to interpret the natural patterns that
shape our world. The exhibits and aquariums of the HMSVC employ a variety
of instructional strategies, striving to reach the broadest possible audience.
When the newly-renovated Visitor Center reopened in May of 1997, visitors
were greeted with all-new, hands-on interactive exhibits. Many exhibits use
current technology to reveal the dynamic, constantly changing research being
conducted by over 200 scientists associated with the many agencies housed at
the marine labs of Hatfield Marine Science Center. Staff recognized the power
and potential for the newly remodeled facility to affect public perceptions of,
and attitudes toward, science and marine research. Educational objectives were
refined toward educating the public on why and how we study the ocean, rather
than what we know about the marine environment.
While showcasing the methodology and results of marine research is a primary
objective, HMSVC also serves as a social laboratory to expand our research
base on the effectiveness of public education. The most recent study, “The
Demographic Popularity of Four Types of Computer-Mediated Exhibits” is
helping in such exhibit development issues as redesign and exhibit relocation,
and is leading towards a broader dissemination through the world-wide-web.
Discussion
When the Mark O. Hatfield Marine Science Center (HMSC) opened in 1965,
research and higher education were its primary purpose. A public aquarium,
now known as the Hatfield Marine Science Visitor Center (HMSVC), was
established and has been operated by OSU for 35 years. Over 9.5 million
visitors have been introduced to the basic concepts of oceanography and marine
science conducted in the Pacific Ocean. After closing for two years for an
extensive remodeling, the Hatfield Marine Science Visitor Center reopened with
a new look and new focus.
This new focus creates a very distinctive challenge for HMSVC. Rather than a
place to teach general concepts of marine science, HMSVC serves as an
807

opportunity to generate an understanding of and appreciation for marine
research to an audience that views “research” and “science” as somewhat
abstract concepts. To aid in this understanding, the theme “Searching for
Patterns in a Complex World” was developed. This theme was developed, not
only to give an overall context to the wide variety of research topics, but it also
gives people access to a fundamental process of science. The reinforcement of
the theme throughout the exhibits is designed to challenge people and encourage
continued thinking and observation of patterns beyond their visit. Along with
the theme, the exhibits are organized in four distinct categories or perspectives
that demonstrate how research is conducted at different scales of observation:
from the “Global,” “Birds Eye,” “Eye Level,” and “Microscopic” scales.
HMSVC’s collections and exhibits encourage adults and children to enjoy
marine science. Both living and non-living collections are used to promote an
understanding of how scientific research enhances our ability to interpret the
natural patterns that shape our world and provide better public education. The
non-living collections are quite varied, ranging from historical marine research
artifacts, sculptures, geological specimens, fossils, animal mounts, and marine
mammal skeletons. The living collections include specimens of Pacific
Northwest marine fish and invertebrates used specifically to either demonstrate
patterns or specific topics of marine research. Approximately 113 specimens of
marine fishes and invertebrates from the estuarine and near shore waters are on
display. These animals represent about 31 species of fish and over 82 species of
invertebrates. The animals are displayed in an assortment of aquariums, ranging
in size from large, walk-around tanks exceeding 1600 gallons, to racks of small
25-gallon tanks permitting “up-close” visitor scrutiny. With four touch pools,
the visitors are invited, under the supervision of trained volunteers, to interact
with intertidal animals such as sea anemones, urchins, and a giant pacific
octopus. These touch displays are used to create a more responsible, coastalvisiting public.
Exhibits and displays must change periodically to embrace new science
discoveries and themes. The building’s infrastructure is designed to permit an
evolution of exhibits and aquariums. The pipes that supply and drain the
seawater, as well as the air, electrical, and computer lines are laid out in a grid,
allowing for future changes at minimal cost. As new issues arise or as the
results of new research become available, HMSVC can respond by creating new
displays to stimulate public interest. The exhibit design uses three distinct
formats, which allow for both short-term and long-term development. The three
formats are the “Core Exhibits,” “Featured Research Exhibits,” and “Temporary
Project Exhibit Area.” The core aquariums occupy “center stage,” acting as
attractions while providing views of live marine animals from different
perspectives. These semi-permanent (10-15 year life) “Core Exhibits” are
organized to show four scales: Global, Bird’s Eye, Eye Level, and Microscopic.
Since scientific research is a dynamic and changing subject, our “Featured
Research” exhibits are designed for a 4-5 year display period, requiring on808

going exhibit development. Smaller and more temporary project exhibits are
designed to demonstrate fundamental marine science concepts or current “hot
topics” and serve as prototypes for exhibit evaluation.
The exhibits and aquariums of HMSVC employ a variety of instructional
strategies, such as tactile, visual, audio, and interactive computer exhibits to
reach the targeted audiences. Tactile bronze models of aquatic organisms used
in research surround the base of the aquariums, providing hands-on
opportunities for youngsters. Visual programs, such as our award-winning
video “Searching for Patterns,” are played in our auditorium and reinforce the
exhibit theme and organizational layout. Interactive computer programs provide
dynamic options, simulations, and games allowing visitors to experience and
learn about the many challenges researchers encounter.
There are several audio-type exhibits as well. Working with Extension Sea
Grant specialist Bruce DeYoung, HMSVC is experimenting with several
innovative uses of Low Power Radio technology. Visitors can begin their
Center experience when they drive toward the facility by tuning their radios to
1610 AM. Visitors are welcomed by Mark Hatfield and can also hear other
recorded messages to learn about services, programs, and exhibit highlights.
Similar technology is being utilized with an outdoor audio exhibit called
InfoMotion. Visitors can trigger a motion sensor which plays a recorded
message upon approaching the display or interpretive site.
Today the HMSVC and its educational programming are managed through
Oregon Sea Grant. In May of 1998, the HMSVC was dedicated as a Coastal
Ecosystem Learning Center (CELC) by Coastal America, and is one of 11
CELC’s currently in the United States. The HMSVC has the unique advantage
as a CELC because of the cooperating state and federal agencies located at the
HMSC. Additionally, HMSC is located on the Yaquina Bay estuary and
manages a 1/4-mile interpretive trail. As a CELC, the Visitor Center provides
well-established and highly respected formal and informal marine education
programming that reach audiences ranging from K-12 school groups to the
general public.
The formal marine education program works primarily with school groups and
has an excellent reputation among the teachers throughout the state for its
leadership in science education. This program reaches a wide cross-section of
students, from schools serving the underprivileged sections of Portland to small
rural schools of Oregon. Over 12,000 students in the last two years have come
to participate in hands-on classes.
Exciting informal education programs conducted at HMSVC exemplify the kind
of cooperative programming that Coastal America seeks. For example, during
the summer months, HMSVC highlights deep-sea research. In cooperation with
National Oceanic and Atmospheric Administration’s (NOAA) VENT program
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and Oregon Sea Grant (OSG), HMSVC hosts presentations, programming, and
exhibits about the New Millennium Observatory (NeMO) research. Aboard a
NOAA research vessel, an educator chronicles daily events through email and
digital images and posts them on a web page. This information is used for two
daily presentations in our auditorium. Visitors are encouraged to ask questions
that are sent back out to sea to be answered the following day.
Results
One of the most unique aspects of the HMSVC is its commitment to evaluating
the effectiveness of public science education in both formal and informal
settings. For example, a study on the “Demographic Popularity of Four Types
of Computer-Mediated Exhibits” was conducted from May 1998 through June
1999. The primary objective of this pilot study was to evaluate four different
types of computer-mediated exhibits according to their demographic popularity
and a measure of the participants' engagement times. This information will be
used in a later study to determine which exhibits should be re-designed for
internet dissemination. Specific research objectives include:
• Which exhibit type average the longest participant engagement time?
• Which exhibit type attracts the most participants?
• How do visitation patterns (defined by engagement times and exhibit
preference) differ between males and females?
• How do visitation patterns differ between age groups?
Of the HMSVC’s large selection of computer-mediated exhibits, sixteen can be
characterized into four distinct exhibit categories. These include video loops,
video choice, simulations, and games.
The least flexible of the four exhibit categories is video looping which the
visitor can only initiate or end. Some are passive and run continuously, while
others are active, requiring participant initiation. A more engaging exhibit
category is the dichotomous video choice format, wherein the participant can
select from a menu of different video segments to pursue a personal interest.
These video clips are identified by a title and representative image. The
program permits further video choices or loops back to the main menu page with
the original video selections. Some have just a single menu with multiple
choices, while others have a branching menu, each with multiple options.
Greater levels of interactivity are possible in either the simulation or game
formats. Role playing simulations provide the visitor the opportunity to make
some of the same decisions professionals face daily and see the predicted
outcomes immediately. For example, visitors can choose between simulating a
fisher or a fishery manager occupation and then see how their subsequent
decisions affect their "bottom line." In game formats, difficult concepts, like the
variable life cycle of a pelagic fish, can be incorporated with an entertaining
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format. Important aspects of fish behavior, metamorphosis, and predator-prey
relationships are embedded in a game where the "winner" gets to grow up, and
the loser gets eaten.
Results from the study showed that visitors to the Hatfield Marine Science
Visitor Center stayed for an average of 58.7 minutes. Females remained at the
Center for a significantly longer period than males, 64.5 minutes compared to
52.9 minutes, respectively. In general, visitation times of the different age
groups were similar.
The average amount of time that visitors spend interacting with computermediated exhibits was 7.1 minutes which is slightly more than 8% of their
average total time in the Center. These computer exhibit interaction times
ranged from 0 to 35 minutes, with a surprising number of visitors choosing not
to engage the computer exhibits at all (24 out of 96 or 25% of the observed
subjects). Males spent an average of 6 minutes interacting with computermediated exhibits, while females interacted 8.35 minutes.
The average amount of time that visitors interact with computer-mediated
exhibits is termed engagement time. The subjects of this study averaged 2.1
minutes interacting with video choice formatted exhibits, 1.4 minutes watching
video loops, 1.3 minutes playing the game format exhibits, and 1.1 minutes
interacting with simulation-type computer-mediated exhibits. The subset of
visitors who participated with the computer exhibits stayed at the HMSVC
longer (64.2 minutes) than did the average visitor (58.7 minutes).
Each exhibit type attracted different participant demographics. Forty-four of the
ninety-six subjects watched at least one of the video loop formatted exhibits.
This format was equally popular throughout all age groups. Video choice was
the next popular format for computer exhibit interaction. Sixteen out of fortyone participants on video choice exhibits were aged 61 or older. Eighteen out of
twenty-three participants who preferred the game formatted exhibits were
between the ages of 8 to 35. Eight of the nineteen participants with simulationtype exhibits were between the ages of 19-35.
Average participant time can be calculated by dividing visitor engagement time
by the number of actual participants. Research has demonstrated a strong
endorsement for time on-task as an indication of cognitive learning (Falk, 1983);
thus, engagement time can be used as a measure of visitor learning. Visitors
spent less time watching video loops (3.0 minutes) than interacting with any of
the other computer-mediated exhibit formats. The average participant time for
the other interaction formats was very similar: simulations at 5.5 minutes, games
at 5.3 minutes, and video choice at 5.0 minutes. The significance of these
results will be addressed during this conference session.
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Conclusion
There are few opportunities available nation-wide to use a marine science center
as a “social laboratory” for pedagogical studies, but the Hatfield Marine Science
Visitor Center provides an excellent venue. In light of the ever-scarce resources
available to study the public’s scientific literacy, the HMSVC’s research is vital.
Perhaps the Hatfield Marine Science Visitor Center can serve as a model to
other institutions facing the same challenges in preparing our citizens for the
twenty-first century by connecting our natural resources and technology.
Bill Hanshumaker
Oregon State University’s Hatfield Marine Science Center
Extension Sea Grant
2030 Marine Science Drive
Newport, Oregon 97365
Phone: (541) 867-0167
Fax: (541) 867-0320
Email: bill.hanshumaker@hmsc.orst.edu
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A NEW PH.D PROGRAM IN COASTAL RESOURCES MANAGEMENT
Lauriston R. King, East Carolina University

Introduction
Two pieces in the September 3, 1999 issue of Science offered blunt reminders
about the close relationship between the marine sciences and public policy. One
warned about the emergence of potentially devastating marine diseases (Harvell,
et al., 1999). The other reviewed Cornelia Dean’s Against the Tide, a
journalist’s account of the war against shoreline erosion and the tenuous ties
between coastal dynamics and shoreline policy. The reviewer noted that until
recently academic scientists are called on “to educate the policymaking
constituency and to justify their science” (Drake, 1999, p. 1497).
Few marine scientists, however, are trained for this role. Fewer are comfortable
in it. To address the need for scientists able to move effectively between the
worlds of science and public policy, East Carolina University (ECU) initiated a
new doctoral program in Coastal Resources Management (CRM) in 1998 after
nearly a decade of planning and review. This discussion reviews the
assumptions guiding development of that program, identifies challenges
confronting initiation of a non-traditional doctoral program, and concludes with
a summary of plans for the future.
Decisions, Strategic and Pragmatic
East Carolina University’s institutional biography reads like that of so many
public regional institutions. Founded in 1907 as a state-supported teacher
training school, it became a liberal arts college in 1941, continued to grow,
became a state university in 1967, and a constituent campus of the University of
North Carolina System in 1972. The campus is located in Greenville, a city of
some 60,000 citizens who live less than a two hour drive from the state’s
beautiful and diverse coastal and estuarine environments. By 2000, the
University enrolled some 18,000 students, including some 2800 graduate
students seeking advanced study in 60 master’s and 10 doctoral degree programs
in the College of Arts and Sciences and 10 professional schools.
During the 1980’s university leaders determined that the continued evolution of
ECU from a primarily undergraduate teaching institution to one with an
increased graduate and research presence would require new programs and
recognized that doctoral programs could play a critical role in making the
desired transition. It was clear, however, that the General Administration of the
University of North Carolina, the governing body for the 16 member institutions
that comprise the University of North Carolina, would not approve a rush of
proposals for new doctoral programs, particularly when they appeared to
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duplicate established programs. University officials made the strategic decision
to forego pursuit of doctoral initiatives based on specific disciplines or
departments, and instead establish specialized interdisciplinary doctoral
programs that drew on existing faculty strengths throughout the University.
Marine and coastal studies fit that profile. By all measures, faculty involved in
coastal and marine studies were among the most productive on campus, as
indicated by external funding, peer-reviewed publications, and professional
activity and recognition. For example, 22 faculty members with highly active or
substantial interests in coastal studies accounted for 85 percent of all nonmedical science research funding obtained by ECU’s faculty between 1978 and
1988 (Request for Authorization, 1996). The Institute for Coastal and Marine
Resources (ICMR), a major organized research unit on campus, had an
established record of successful multidisciplinary research in sociology, water
quality, aquaculture, fisheries, and anthropology. What was lacking was a
graduate academic program that could build on capabilities already in place. At
the state level the proposed program did not threaten to compete directly with
other academic marine programs in the state. The University of North CarolinaChapel Hill, North Carolina State University, the University of North CarolinaWilmington, and Duke University focused on the traditional marine sciences,
where the proposed ECU effort was to emphasize the application of scientific
research to resources management. Finally, the North Carolina coastal plain,
estuaries, and shoreline provided research opportunities on the full spectrum of
coastal issues: water quality, habitat loss and restoration, non-point source
pollution, population growth and real estate development, wetlands losses,
barrier island erosion, and storm hazards. In short, North Carolina provided an
excellent laboratory for many of the toughest coastal resources management
issues confronting the nation.
Working Assumptions and Program Requirements
Simply put, the program seeks to meet the need for scientifically trained
specialists able to move between the worlds of scientific research and public
policy (National Research Council, 1995, 1999). The intent is to build skills in
the acquisition, interpretation, and synthesis of scientific information on coastal
environments; provide an understanding of the role of science in the policy
process; and promote an appreciation for the prospects and perils of science in
politics. These are developed through formal course work, field studies, an
internship, and a doctoral dissertation.
Several key assumptions guide the intent and requirements of the program.
First, science can contribute to sound public policy. Although this assumption
seems self-evident, particularly to scientists, it is not. The role of the sciences in
coastal resources management is rarely clear, predictable, or decisive. Second,
the interplay of social and natural systems are defining characteristics of the
coastal margin. Prospects for effective management of these complex systems
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depend in large measure on understanding them and how they interact with one
another. Clearly, no single academic discipline is sufficient for understanding
these relationships. Third, recognizing the complexity of these systems provides
a basis for assessing and implementing policy options for managing marine
resources. Finally, society has a need for individuals trained to identify how
social and natural systems relate and react with one another, and to evaluate the
strengths and limitations of science in shaping policy to manage them.
Faculty planners identified requirements designed to translate these working
assumptions into a distinctive course of study. The curriculum drew on existing
course offerings, development of new courses tailored to meet the needs of
CRM students, and a balance of core and elective courses. Courses and research
projects were designed to promote skills in the acquisition, interpretation, and
synthesis of scientific data on coastal environments and populations and relate
these to sound decisionmaking. These skills are fostered through a carefully
designed curriculum, field research, an internship, and a doctoral dissertation.
The internship will provide practical experience in a decisionmaking
organization; the dissertation will provide the experience of independently
initiated, designed, conducted, and disseminated research. Students concentrate
in one of four areas, with complementary work in two others. These are:
Coastal and Estuarine Ecology – focuses on near-shore and estuarine
processes important for living marine resources and environmental
quality;
Geosciences – emphasizes coastal processes, geomorphology, and
hydrology as they affect use and development of the coastal margin;
Marine Affairs and Coastal Policy – examines politics and public
policy, natural resources economics, and demographic and social
behaviors as they relate to coastal resources and their management; and
Maritime Studies – analyzes the cultural and historical dimensions of
coastal resources with a focus on maritime history, nautical
archaeology, and the role of maritime heritage on coastal use and
development.
The program welcomed its inaugural class of 14 students, eight men and six
women, nine of whom entered with master’s degrees, plus significant
professional and work experience, in August 1999. The program awarded 12
one-year fellowships valued at around $12,000, with the expectation that a
similar number of awards for new first-year students would be available in
subsequent years.
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CRM and Graduate Education
Graduates of the CRM program will fill important roles in coastal management.
At another level, however, the program promises to address a number of the
recent critiques of graduate education in the United States. The complaints are
familiar. Universities are producing too many doctorates to be absorbed by the
academic marketplace.
Professors are mainly interested in replicating
themselves and their academic specialties. Students receive training that is too
narrow and specialized to provide career opportunities outside academia.
Graduate study emphasizes research at the expense of teaching and in the
process students sacrifice a balanced education to meet the institutional demands
of sponsored research. Inadequate mentoring, poor career advising, and limited
job placement assistance compound this insidious pattern. (American
Association of Universities, 1998; Committee on Science, Engineering, and
Public Policy, 1995).
The CRM program provides an alternative model for doctoral education, one
that by intent and design draws on the strengths of traditional graduate training
and at the same time seeks to address the deficiencies of that model. The core of
the traditional doctorate is the design and conduct of original research. The
tools to pursue this enterprise are developed through formal courses, close
faculty-student relations, formal courses, seminars, independent studies, and
participation in professional organizations. The dissertation is the culmination
of this regimen. It puts to work all that preparation in a work of originality and
creativity. In doing so, students learn respect for the strengths and limits of
research and how to assess research that may be relevant to marine resources
issues. They might even experience a bit of intellectual humility.
At the same time, the CRM curriculum seeks to address the issue of narrow
specialization by requiring that students pursue studies across one core area and
two complementary fields. The intent is to develop competence and familiarity
required for practice rather than a specialized foundation for academic research
careers. Simply put, the CRM curriculum seeks to introduce students to the
fundamentals of several disciplines rather than provide comprehensive study of
a single discipline. It seeks to demonstrate how science is done in those fields
and what questions a policymaker should be prepared to ask of the science as it
finds its way into the political process. Given the structure of the program,
graduates are most likely to pursue careers in local, state, and federal resource
management agencies, private industry, consulting, and non-profit and nongovernmental organizations. CRM graduates who demonstrate strong research
capabilities will also be competitive for the increasing number of
interdisciplinary environmental and policy positions now opening up in colleges
and universities.
Implementing a new doctoral program is a challenge. One tough issue involves
reconciling the traditional model for doctoral training with the demands of an
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interdisciplinary curriculum, particularly around efforts to balance academic
depth and breadth. The traditional model is based on the student-faculty mentor
relationship within a narrowly defined discipline based in a single academic
department. Even faculty with the best intentions find it hard to concede that
other disciplines can be as important for students as their own. CRM, however,
emphasizes participation in a wide variety of courses taught by faculty from
about 10 departments, with the choice of mentors and advisors evolving over
several years in anticipation of the dissertation research project.
Another issue involves faculty incentives. As a virtual program without
departmental status and only one (soon to be two) faculty members, the CRM
program must rely on the support of faculty in established departments. Courses
must be drawn from those already taught within these departments, plus those
developed specifically for CRM students, typically with CRM support. CRM
faculty status simply involves an expression of interest in the subject and a
request to be included among the more than 55 faculty now counted as affiliates
of the program. Faculty involvement is critically important to the success of the
program. Mechanisms for promoting participation beyond teaching include a
faculty steering committee, an admissions committee, and periodic informal
social events where CRM faculty share their research interests. Other tough
issues relate to the nature of joint appointments and issues of faculty governance
in recruitment, promotion and tenure.
Resources remain a challenge. There can never be enough. However, with the
designation of East Carolina University as a Carnegie Doctoral II institution,
state formula funds became available to the CRM and other doctoral programs.
These provide support for 12 students in their first year, with similar amounts
anticipated for entering students in subsequent years. Two issues are significant
for student support. First, the amount of the first-year fellowship must be raised
above its current $12,000 to make the program nationally competitive. Second,
it is imperative that sources of student support beyond the first year be
identified. Prospects include research and teaching assistantships, participation
on sponsored faculty projects, and individual awards and fellowships.
Related resource issues include space for students, new faculty, and laboratory
equipment. Like many campuses, ECU has grown significantly over the past
decade with no plateau in sight. Office and classroom space is at a premium.
Similar challenges exist for modern laboratory equipment. ECU has not had an
institutional culture oriented toward the requirements of scientific research until
recently, so budgets have not typically anticipated the high cost of laboratory
equipment and start-up packages for new faculty.
Two other areas will continue to evolve. Faculty will review and refine
admissions criteria to make sure that students admitted would have the mix of
preparation, experience, and commitment required to derive the full benefits of
the program. One of the toughest issues involves applicants with full-time jobs
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who wish to pursue the Ph.D. Although ECU is a public institution with a
responsibility for providing educational opportunities to its citizens, the
challenging nature of an intensive interdisciplinary program almost requires that
students be in residence. Closely related to issues of recruitment and retention is
the nature of the curriculum. There is a clear need for a responsive, flexible
curriculum, one designed to meet the objectives of the academic program, as
well as one that realistically reflects the intellectual and analytical needs of
working coastal resources managers.
Several goals have been identified for the program during the next two years.
First, program materials will be revised and updated as part of an expanded
marketing effort. The goal is to admit from eight to fourteen students in each of
the next four years, plus three new CRM faculty members over the same period.
Second, the University will establish an external advisory committee to provide
advice and guidance on the evolution of the CRM philosophy and program
development. Third, efforts will continue to identify research partnerships and
internship opportunities for students. For example, discussions have begun with
the North Carolina Sea Grant Program, the National Park Service, the U.S.
Geological Survey, the U.S. Fish and Wildlife Service, and the National Oceanic
and Atmospheric Administration. Fourth, planning efforts will be initiated in
collaboration with other members of the University of North Carolina system
and residents of the northern coastal counties to establish a coastal studies center
that would draw on the strengths of the CRM program. Finally, the CRM
program will prepare for a review in accord with ECU Graduate School policies
to assess the productivity of the program, faculty and student satisfaction, and
the administrative practices in place to conduct the program.
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ABSTRACT

DIGITAL INFORMATION TECHNOLOGY: AN ANTIDOTE FOR
COASTAL VISITORS LOOKING BUT NOT SEEING !
Erin Williams, California Sea Grant Cooperative Extension
Bruce DeYoung, Extension Sea Grant Specialist and Professor, College of
Business, Oregon State University
James Coakley, College of Business, Oregon State University

A warm sea mist, crashing waves, working harbors, driftwood covered beaches
and boats gliding by urban waterfronts attract coastal visitors. Reflecting
this, coastal and urban waterfront visits now generate over $74 billion
annually in the United States. As coastal tourism expands, the issue of how
to inform and guide this human tidal wave of visitors is of growing concern.
Tourists are often looking for but not necessarily seeing the diverse marine
resources and recreational activities present in coastal and urban
waterfront settings. Likewise coastal park, community and business leaders
wonder about how to efficiently share this visitor information along with
resource stewardship and safety tips. The import of this communication issue
is reflected in over 50 percent of Americans now living in coastal areas,
with this population anticipated to swell to 127 million by 2010.
While coastal visitation is growing in the United States, so also is the use
of digital information technology. Internet users now exceed 100 million
adults in the United States, about half of the nation's adult population. In
a recent industry study, two-thirds of youth and adults said that if they
were stranded on a deserted island they would prefer Internet access to a
television or phone. Also, 63 percent of the youth surveyed indicated they would
rather surf the Web than watch television.
What implications might these trends in digital technology use hold for
coastal and waterfront visitor communications? To plumb this question, Sea
Grant initiated research and demonstration projects using emerging digital
technology with coastal audiences in the Pacific Northwest. Preliminary results
and insights from this work will be presented.

Bruce DeYoung,
Extension Sea Grant Specialist and Professor
OSU College of Business
209 Bexell Hall
Oregon State University
Corvallis, OR 97331-2603
PH: 541-737-0695
FAX: 541-737-3804
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THE MPA PUZZLE
AN EDUCATIONAL PROGRAM ON MARINE PROTECTED AREAS
Susan Wallace & Janice Hannah
International Marine Mammal Association

How would you put together the pieces?
Abstract
The MPA Puzzle is an educational program (core simulation game plus optional
units) that provides students and communities with the opportunity to explore
the use of marine protected areas (MPAs) as a tool for conserving marine and
fresh water ecosystems by simulating the process of designing, monitoring and
evaluating an MPA for a fictitious ocean site. Puzzle players, working
cooperatively as a multi-stakeholder committee, will simulate the process of
designing and monitoring their own MPA that has been selected for protection.
The committee will evaluate their MPA design in terms of its effectiveness in
satisfying both their personal stakeholder objectives and the committee’s MPA
objectives. The effectiveness of this design will be determined by how they
have put together the “pieces” and by what the future holds. Players will have
an opportunity to revisit their MPA design in response to these future events.
Relevant skills, knowledge and attitudes will be conveyed through role plays,
wildcards, negotiations, reflection and through the actual process. In a practical
application, the Puzzle may prove to be an effective tool for communities
interested in, or facing the prospect of, an MPA designation in their area, and for
those charged with the task of establishing an MPA in a given area.
Why an educational program on marine protected areas?
Oceans provide habitat for a diverse array of plants and animals and are valuable
to different people in different ways, yet it is well documented that oceans and
other marine environments are at risk worldwide. As such, there is a need to
proactively conserve and protect marine ecosystem functions, habitats and
species. Marine protected areas (MPAs) are one of several management tools
available to do so, and education is one way to spread this message. There are,
however, many perplexing and sometimes controversial issues surrounding the
design, implementation and evaluation of MPAs that can affect their outcome
and this message must also be spread. As such, the idea of creating an
educational program that would explore these issues in both a meaningful and
fun way took shape in the MPA Puzzle.
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What is the MPA Puzzle?
“The MPA Puzzle: How would YOU put together the pieces?” is a
comprehensive educational program about marine protected areas and the
marine protected areas process, including the process of consensus building.
The MPA Puzzle is also about our relationship with oceans. Ultimately it is
about ocean conservation. The MPA Puzzle program consists of a core
simulation game and optional units, including a facilitator’s guide, a glossary
and a series of supplementary modules.
The core game
The core game is the focus of the MPA Puzzle program and comes complete
with a game board, role play portfolios, mission possible envelopes, wildcards, a
template of an ocean Site (Salty Basin), a management plan template (The Plan),
and more. It is intended to stand alone with the aid of a “Rules of the Game”
booklet, which includes the rules of play (modeled after accepted rules of
consensus) and any other instructions necessary to play the game.
The game sequence is based on the process of designing, monitoring and
evaluating a marine protected area, and there are many formal and informal
processes for establishing protected areas. For the purposes of the Puzzle, we
have generated a generic MPA process borrowing from various existing
guidelines and models:
1. Identify representative marine areas and/or identify marine areas of
interest;
2. Identify all stakeholders and involve them through a participation
program, including the establishment of a local committee;
3. Assemble and study available ecological and sociological information
on these areas;
4. Assess the feasibility of the area(s) and select a candidate protected
area;
5. Create a vision of what is to be accomplished with all concerned
parties, including setting realistic goals for the protected area (these
become the protected area-specific objectives);
6. Design the outer bounds of the marine protected area to reflect
objectives;
7. Develop a preliminary zoning plan within the outer boundary;
8. Amend the zoning to reflect stakeholder expectations and needs;
9. Continually update and expand information throughout the zoning
stage;
10. Formulate the management plan, including any negotiated agreements;
11. Designate the MPA, including establishment of the MPA in legislation,
if available and /or necessary, and;
12. Monitor the marine protected area to ensure that scientific and
sociological goals are being met, distribute the evaluations widely, and
periodically adapt the management plan for maximum effectiveness.
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The core simulation game starts about half way through this process, at step 6,
and we have taken some artistic license with the remaining process to
accommodate a four hour time frame and the nature of a game.
Briefly, Puzzle players are told that the waters of Salty Basin have been selected
for protection. Salty Basin is representative of upstream, onshore/coastal,
nearshore and offshore habitats, includes naturally and culturally significant
elements and depicts coastal and upsteam settlements and other human
constructs. The players have been identified as individuals with an interest in
Salty Basin and have been invited to sit on a local MPA committee. Each player
is assigned two tasks: as an individual they must meet a personal stakeholder
objective and as a member of the multi stakeholder committee they must also
work together with the other players to meet one or more specific MPA
objectives. The MPA committee must first reach consensus on the design of a
preliminary zoning plan to regulate various uses of the ocean and to preserve or
conserve habitats and/or species at risk. The committee will choose from a
suggested set of zone types and alternative conservation measures commonly
used worldwide. They then assess and, if necessary, amend their preliminary
zoning plan to ensure that both their individual stakeholder and MPA objectives
are being satisfied. The committee builds a management plan as they go, by
indicating what temporal and spatial regulations will be in effect for a host of
marine uses within each of their chosen zones. The Plan includes the primary
information that one would find in a comprehensive MPA management plan.
After the committee has designated their MPA, they monitor, evaluate and
amend the management plan to ensure that their personal and MPA objectives
continue to be satisfied in the long term. As a finale, they reflect on the benefits
and trade-offs to themselves, to each other and to the natural and cultural
heritage of Salty Basin as a result of their design choices and of the designation
of an MPA in their area.
A note about consensus…
Although a game invokes competitiveness and may seem contrary to the
consensus building process and the intent of the Puzzle, we do not feel that the
competitive spirit can, or should, be avoided. People are competitive by nature
and this in part will motivate them to play the Puzzle. An element of
competitiveness will keep the game lively. However, the Puzzle is not about
fostering blame towards any one stakeholder. Rather, it is about realizing the
challenges we face as a society in marine and fresh water conservation and the
opportunities this presents for working cooperatively towards solutions. As
such, the game has been designed so that as it progresses, each participant’s
individual desire to win should be tempered by information and understanding,
and re-channeled towards conquering the challenges the committee faces in
meeting their stakeholder and MPA objectives through creative solutions.
We feel that this partially reflects real consensus building experiences. Some
stakeholders arrive at the table uneasy, defensive and in a competitive mode. As
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they become familiar with each other and the process over time, the notion of
working together toward a common goal becomes a possibility.
Although the intent of the Puzzle is for the committee to find a win-win
solution, the game may end with a variety of win-win and win-lose scenarios,
depending upon the player’s individual and collective actions, their perceptions
and the future. But, whether stakeholders feel they have won or lost, the game
reflection focuses on the benefits and tradeoffs each decision yields and on
understanding what these benefits and tradeoffs mean for ocean conservation
and for people.
Ultimately, the Puzzle is intended to be fun while encouraging discovery. A
good story will unfold, and this story will change with each game. Essentially,
the player’s individual and collective actions will write the story and dictate how
it ends.
The optional units
Various optional units support and enhance the core game:
A Facilitator’s Guide accompanies the Puzzle for those who prefer to know
more about the Puzzle and for those who are looking for instructions on how to
expand the core game and on how to evaluate participant learning.
Although we have written the text of the core game at a grade 5-6 reading level
(in Canada, ~10-11 years old) and defined technical terms that arise during play,
a comprehensive glossary of related terms is presented on its own for easy
reference. This glossary includes general technical terms relevant to the Puzzle
themes, as well as any technical terms that appear in any of the supplementary
module materials. It also includes any words or phrases that raise red flags, are
considered by some as jargon, or mean different things to different user groups,
along with a note about the nature of language and bias.
A series of supplementary modules on related topics have also been provided so
that additional information and skills can be learned and developed before,
during or after the Puzzle, for those who choose to do so. Each module includes
reference materials and a “recipe box” of additional activities suitable for
various age levels and venues. These optional modules provide more
background information, develop skills, extend or increase the complexity of the
game, augment the Puzzle content to suit a specific course (e.g., language arts,
geography), etc. The following modules currently accompany the program:
1. Connecting to Oceans…
• explore your personal connections to water
• explore society’s connections to water
2. More Things to Know: Knowledge
• about marine environments (e.g., the properties of water, the water
cycle, what is an ocean?, the oceans of the world)
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•

3.

4.

5.

6.
7.

about marine science and conservation (e.g., the nature of science,
exploring the deep, alternative conservation tools -- integrated coastal
zone management, gear modifications, reduced capacity, etc.)
• about marine protected areas (e.g., what is an MPA?, MPA legislation,
MPA corridors and networks)
• about issues associated with oceans, ocean conservation and MPAs
More Things to Know: Skills
• activities to assist participants in developing skills important to the
success of the MPA process and to life long learning and achievement
(e.g., consensus building; critical thinking; citizen action)
More Things to Know: Human Values, Attitudes, Behaviors & Outcomes
• learn that our values affect both the ways in which we use marine
environments and the objectives we set for marine protected areas, and
that these have measurable outcomes
Close Encounters of the Stakeholder Kind
• choose from a host of strategies and activities designed to involve “real
life” stakeholders, add depth to the role plays and identify and explore
bias
Reflections
• activities and ideas for enhancing and prolonging the reflection process
Getting Your Feet Wet: Skills-to-Action
• ideas for how individuals can become active in an MPA process, a
marine conservation initiative, or in other local activities within their
school, community and beyond

What will the Puzzle accomplish?
The overriding purpose of the MPA Puzzle is to provide both students and
communities with the opportunity to explore MPAs as a tool for conserving
marine and fresh water ecosystems. Ultimately, Puzzle participants should be
able to answer the essential question: How do MPAs affect the conservation of
marine and fresh water ecosystems?
The Puzzle also has several specific objectives related to knowledge, skills and
attitudes:
A. To foster an understanding of, or impart knowledge about:
1. the oceans, their many characteristics and ecological
functions, and their roles in society;
2. the different ways that people value oceans;
3. the different ways that people use oceans and how the cumulative uses
are affecting oceans and all that they support, both in the short and long
term;
4. the complex, creative and open-ended process of creating,
monitoring and evaluating MPAs, and;
5. the biological and ecological factors, as well as the economic,
political, legal and other socio-cultural factors that affect both
825

the outcome of the MPA process and the effectiveness of
MPAs as tools for marine conservation.
B. To develop skills important to the success of the MPA process and to life
long learning and achievement:
1. conflict resolution;
2. consensus building;
3. problem solving;
4. team building;
5. critical thinking, and;
6. citizenship action.
C. To encourage attitudes that enhance the success of the MPA
process and/or life long learning and achievement:
1. an interest in marine and fresh water ecosystems;
2. an appreciation and respect for marine and fresh water ecosystems;
3. sensitivity to, and respect for, differing values and opinions;
4. commonality and trust among varied and seemingly disparate
interest groups with a stake in the ocean, and;
5. inspiration and empowerment to make personal choices, and/or engage
in community efforts, that conserve marine or fresh water ecosystems.
A detailed list of learning outcomes has also been provided primarily for formal
educators who are generally obligated to match curricula to agency or school
board standards. We also anticipate that educators, community leaders, agency
representatives and participants may wish to supplement the program with
objectives relevant to their local areas and mandates. In Canada, for example,
the Department of Fisheries and Oceans might use this program as a way of
introducing their legislative provisions for Marine Protected Areas under the
Oceans Act of Canada to communities and the formal school system.
Who should use the Puzzle?
Our target audience is broad -- we see The Puzzle as being applicable to any
individual, organization, agency or community interested in the marine
protected areas process, ocean conservation, or the consensus building process.
This could include: coastal and inland communities; formal and non formal
education systems, adult education programs, colleges, universities & technical
schools, MPA visitor services programs, ecotourist operations, elderhostel
programs; environmental festivals; zoos & aquaria (both personnel and visitors);
faculties of education and professional teacher organizations; user group
associations; business groups; industry, and; the general public.
The core game + optional unit design provides the flexibility necessary to allow
educators and facilitators to customize the Puzzle to various audience’s wants,
needs, time frames, situations (e.g., access to technology; audiences’ awareness
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of, and perspectives on, marine issues), mandates and curriculum requirements.
For example, in an afternoon a family could complete the Puzzle around the
kitchen table or a fisherman’s association could play the game during a monthly
meeting at a community centre. On a rainy day a group of park visitors, ecotourists or elderhostel participants could play the game and spend some
additional time learning more about marine environments, citizen action, etc. At
a school or residential outdoor education centre an educator could extend the
Puzzle into a unit or course on marine conservation or skills development and
include a community outreach component (e.g., start a habitat rehabilitation
project). Within a school board a curriculum developer could use the Puzzle as
the basis for a K-12 continuous program.
Community participation has been identified as an important, if not critical,
component in the establishment of marine protected areas. As such, the Puzzle
is also presented as a tool for communities interested in, or facing the prospect
of, an MPA designation in their area, and for those charged with the task of
establishing an MPA in a given area. By simulating the experience of creating
an MPA in a non-threatening environment, our hope is that the Puzzle will
familiarize stakeholders with the process, prompt them to realize the importance
of their role in the process and bring them closer together. We also hope that
both the stakeholders’ and agencies’ understanding of the potential benefits and
trade-offs of an MPA to communities and to marine conservation will be
enhanced through the Puzzle.

Susan Wallace
International Marine Mammal Association
1474 Gordon Street
Guelph, ON, N1L 1C8, Canada
Phone: (519) 767-1948
Fax: (519) 767-0284
Email: swallace@imma.org
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LINKING RESEARCH, STEWARDSHIP AND EDUCATION IN THE
CHESAPEAKE BAY NATIONAL ESTUARINE RESEARCH
RESERVE IN VIRGINIA
Maurice P. Lynch
Chesapeake Bay National Estuarine Research Reserve in Virginia
National Estuarine Research Reserves (NERRs) have a tri-partite mission of
research, education, and stewardship. In the early years of the NERR System
development, these three mission areas were usually conducted independently
albeit with a recognition that the other activities were being conducted in the
same area.
Over the past several years, however, this “separate but proximate” paradigm
has been changing. A deliberate effort is being made both at the NERR System
level and at the individual NERRs to integrate research and stewardship
activities into the education programs. At the Chesapeake Bay National
Estuarine Research Reserve in Virginia (CBNERRVA), this integration is
occurring at several levels; K-12, undergraduate training, graduate training,
technical training and general adult training.
Developing effective linkage between research and education and educational
program areas is not always easy. Reserve staff, whether they are primarily
involved in education, research, stewardship, or overall program management,
have to learn to think in the others’ context. Once this broader view of one’s
activities is developed, however, many opportunities for program integration
become apparent.
A few examples of successful integration and the way in which these arose are
given below. In all of these examples, the most critical element is
communications between staff. Another factor that helps is a broad concept of
job responsibilities. Too often, educators are seen as having responsibility only
for education in a formal setting (K-12 programs, undergraduate or graduate
classes, or continuing educational programs); researcher are seen as only having
responsibility to do research and “train” their technical staff or graduate
students; and stewards (or managers) are only responsible for the physical plant.
We like to consider that the individuals performing these functions in our
organization have a responsibility for ensuring that their activities enhance the
activities of the other functions. We encourage anyone to suggest ways that
research or stewardship activities can enhance the education program and that
the education programs can enhance stewardship activities.
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Talking Trash
(Stewardship and management activities providing
information used in an educational activity)
Many organizations get involved with trash pickups and debris removal projects,
we are no exception. Shortly after designation as a NERR in 1991, we initiated a
quarterly series of debris removal from a number of areas within the Reserve.
This activity was initiated for several reasons; cleaning up the environment
(stewardship), increasing public awareness of marine debris (education), and
increasing public awareness of the Reserve (public relations-management). A
decision was made to maintain a database of debris collected during each of
these “clean-up” events. Our estuarine debris database is now nine years old. For
the past several years two partners, The Virginia Living Museum (VLM),
Newport News, VA and the US Naval Weapons Station (NWS), Yorktown, VA
have been coordinating these cleanups. The VLM incorporated these cleanups
into their field experiences. The NWS uses these cleanups as a civic action
project.
The value of recycling is taught in many middle schools. As part of this unit
students are frequently taught about litter problems in their communities. A local
middle school teacher, working with CBNERRVA staff, broadened the concept
of community litter problems by incorporating the data from debris collections
into these units. In addition, the differences between debris found in remote
beaches and marshes and the community or home was used to explore physical
concepts such as density and how this property affects wind and water transport
of debris. Students were also exposed to the effect of marine debris on marine
and coastal ecosystems by referral to marine debris information accessible via
the Internet (Lynch and Walton, 1998).
Menhaden Mystery (Monitoring and research data used to enhance
educational activities)
CBNERRVA, as well as the other reserves are collecting water quality data on a
regular basis. Scientists and resource managers frequently use the data for many
purposes. Some reserves use volunteers and organized school programs to assist
in gathering data. A NERR System initiative, Estuary Net, has multiple
components to assist citizen volunteer water quality monitors, and classroom
teachers and students in understanding regional water quality issues (<
http://inlet.geol.sc.edu/estnet.html>).
The availability of data, no matter how good or “relevant”, will not ensure their
use in educational activities. An appropriate educational context for the use of
available data must be established. If a school regularly conducts field trips to an
area, availability of data from past years and other seasons of the year can be
used to explain observations of the students, particularly if these observations
differ from observations of previous groups. For this purpose, the actual
measurements themselves can be provided, or a summary of the data can be
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provided. An effective summarization presentation will encourage use of data
for this purpose. Figure 1 is an example of one summary presentation that
demonstrates the variability of field conditions in a way that allows rapid
determination of where individual measurements fit.

Figure 1. Summary of continuous salinity measurements taken at Gloucester
Point, VA 1 January - 23 March 2000. The upper and lower lines are the
maximum and minimum observations for the length of the full data record. The
“center” line is the mean of data over the length of the data set. The line that
ends in March is the daily average for the year 2000
(<http://vims.edu/data_archive/>)
Problem based learning can be an effective educational vehicle for introducing
students to the use and interpretation of date. Working with a local middle
school science teacher, CBNERRVA staff scientists developed a problem based
learning exercise involving a “fish kill” in local waters (Walton and Lynch,
1997). The CBNERRVA played the role of a state agency that assigned the
students as a task force to determine the cause of the fish kill. CBNERRVA staff
also provided information about the fish kill on request. The data provided was
all real data with the exception of one data point (to provide a reason for the fish
kill). Coincidentally or fortuitously depending on your perspective, the second
summer we ran this problem, a real fish kill involving several hundred thousand
menhaden occurred in a local creek. Reserve staff deployed a datasonde during
the incident, allowing us present real data (Figure 2) in subsequent iterations of
the problem.
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Figure 2. Dissolved Oxygen measurements collected during a “fish kill”
incident. These data were collected with a YSI Model 6000 datasonde.
A Native Plant Arboretum (A stewardship problem solved by developing an
educational resource)
One of our sites, Taskinas Creek is within York River State Park. The creek is
used by both the CBNERRVA and the State Park for canoe based educational
programs. The canoe landing was at the bottom of a steep slope and only
accessible by a steep set of stairs. In order to provide access to the physically
handicapped, a winding paved path was built across and down the slope. When
this well-intentioned project was completed, it was realized we had created a
visual blight on the environment. In addition, the short steep slopes between the
loops of the trail were bare of vegetation and the soil in these areas was very
easily erodable. What could we do?
The Research Coordinator of the CBNERRVA was at this time directing a major
riparian buffer demonstration program for the Virginia Coastal Program. He was
brought in to consult about vegetation to solve the erosion problem. The
CBNERRVA education staff at this same time was developing plans for future
coastal decision-maker workshops and had begun discussions with the research
staff about the possibility of workshops on appropriate plants for riparian
plantings. The outcome of this interaction was the development of a native plant
arboretum in the areas between the loops of the trail and on the surrounding
slope. This served several functions. The visual blight was healed, erosion was
prevented, and the educators got a valuable teaching resource for use in
conducting workshops. The Native Plant Arboretum also enhances the self831

guided educational offerings available for park patrons. The actual planting and
nurturing of the arboretum also provided an opportunity for individual and
organization volunteer opportunities. In the year since this facility was started,
we have run four workshops using this facility. Workshop attendees have
included native plant aficionados, landscape gardeners, local officials
responsible for riparian buffers and master gardeners.
Graduate Fellows (Education supporting the research and monitoring
programs)
The NERRs program provides many opportunities for education through
participation in research and educational activities. The flagship activity in this
category is the NERR Fellowship Program which supports up to two fellows at
each designated reserve (<http://www.ocrm.nos.noaa.gov/nerr/fellow.html>).
Each fellowship contains a training requirement equivalent to about fifteen
hours of effort per week. This training requirement can be met in several ways.
At CBNERRVA we involve every fellow in the System Wide Monitoring
Program (<http://inlet.geol.sc.edu/cdmoweb/overview.html>). This monitoring
effort is very human resource intensive, but most of the NERRs (ourselves
included) are human resource poor. Each fellow is fully trained in datasonde
and/or meteorological station deployment and the NERR system wide protocols
for data management including metadata standards and quality assurance/quality
control (QA/QC). The equipment and QA/QC methodology used in the
monitoring program is advanced state-of-the-art. This “training requirement”
adds a very marketable skill to the graduate student while relieving us of some
of our human resource shortfall.
This training activity in support of our own research programs has been so
attractive, that we have become engaged in providing this training to other
organizations as an educational project. For example, we have trained
undergraduates enrolled at Morgan State University and staff of the National
Aquarium in Baltimore, MD who are conducting water quality and
meteorological monitoring in Baltimore Harbor as part of a cooperative program
looking at wetland restoration.
A number of other research activities have benefited from involvement with
educational programs. We have hosted (and partially funded) participants in
National Science Foundation Research Experience for Undergraduate Programs
(NSF-REU). We have also hosted a large number of graduate and undergraduate
projects in the Reserve that have greatly added to the research accomplishments
at our site.
Another example was an Earthwatch Institute (<http://www.earthwatch.org/>)
funded project that brought volunteers to our site to work on a wetland
vegetation baseline study. Volunteers were trained in plant identification and
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various sampling techniques and assisted in collecting data about six months of
every year over a five-year period.
Our research program has also benefited greatly through assistance from local
volunteers who have conducted water quality monitoring and bird monitoring
for a number of years. For each of these volunteer assisted projects, we provide
education and training related to the activity they support.
These research projects that have benefited from assistance through educational
and volunteer efforts have also yielded educational products. An NSF-REU
project yielded information for an educational brochure for understanding,
observing and enjoying the fiddler crabs of Virginia (Shields et al., undated). To
train the Earthwatch volunteers in wetland plant identification, we developed an
illustrated pamphlet describing the common marsh plants of the region that has
continued to be used long after the completion of the Earthwatch project. The
bird monitoring project resulted in a series of four pamphlets on the birds of the
York River which incorporated a bird check-off list and information on the
feeding, breeding, migration and habitats of the birds (Breeding, undated)
I hope these few examples of ways in which education, research, and
stewardship programs have demonstrated the desirability of having staff “walk
in each others’ shoes” for at least a portion of their time. Many other examples
can be found in the other NERR programs as well as in a number of the Sea
Grant programs. Each part of a program will benefit from inter-program
communication and cooperation. I strongly encourage educators, researchers,
and mangers to actively encourage their colleagues to get involved in their
business. It will pay off.
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PUBLIC ACCESS TO THE BEACHES OF VIEQUES, PUERTO RICO:
A CONFLICT OF RECREATIONAL VERSUS MILITARY USE
Eileen Alicea, University of Miami

Introduction
It seems unthinkable that a military enterprise would conduct target practice
bombing on a small island with a large population. Yet, this is in fact the case on
the Puerto Rican island of Vieques where the U.S. Navy’s activities negatively
impact the civilian population and the coastal ecosystems.
The conflicts between the Navy and the Viequenses as a result of this situation
are myriad, boiling down to questions of basic human rights and thus reaching
well beyond the matter of coastal access. This paper proposes, however, that
resolution of the coastal issues can only be achieved by returning ownership of
the land to the local government and its constituents for carefully planned
sustainable development. Such a seemingly radical course of action may
contradict the consensus-based principles of an Integrated Coastal Zone
Management (ICZM) approach.1 However, reconciliation of military and
recreational coastal resource users is difficult at best in ICZM. In the case of
Vieques, as this case study demonstrates, integration is impossible, judging from
the historical intransigence of US national security interests and the fundamental
incompatibility of the two parties. Besides, existing laws and regulations, such
as Federal Consistency, would disallow current naval policies and practices on
the island if applied. A legal examination is included herein as further
recommendation for the discontinued presence of the Navy on Vieques.
Background
Vieques is located six miles off Puerto Rico's southeast coast. The island is 18
miles long by 3.5 miles at its widest point, with an area of 51 square miles. The
coastal environment includes mangrove, wetlands, bioluminescent bays, sandy
beaches, seagrass communities, and coral reefs.
In 1941 the Navy purchased two-thirds of Vieques through eminent domain.
The Navy expropriated land from owners of farm and housing areas, most of
whom were then forcibly relocated to the islands of St. Thomas and St. Croix
(US Virgin Islands)2 . A population of 12,000 people declined to today’s
population of 8,000. A history of restricted access to beaches and coastal waters
for both recreational and fisheries purposes, and environmental damage ensued.
The Commonwealth of Puerto Rico has long been unable to regulate US Navy
activities on Vieques. For example, a 1982 Supreme Court decision3 overturned
a Court of Appeals injunction against Navy activities in Vieques until the Navy
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obtained a National Pollutant Discharge Elimination System (NPDES) permit.
The Supreme Court upheld the earlier United States District Court decision 4
allowing the Navy to continue the target practice while arranging for the permit.
The circumstances under which the Navy finally obtained the permit remain
unclear. Nevertheless, the government of Puerto Rico and the Navy eventually
entered into a Memorandum of Understanding (MOU) in October 1983. As part
of this accord, the Navy agreed to promote economic development activities by
encouraging civilian businesses to relocate to Vieques and to establish
conservation zones for the purpose of ecosystem protection.5 The MOU,
colloquially referred to as the "Entrampamiento de Fortín" (The Fortin
Entrapment) - as opposed to "The Fortin Accord," the official name - is
popularly perceived as a widespread failure.6
A recent fatal incident represents the worst nightmare of the Viequenses and
caused an escalation of the debate over the future of the island. On the evening
of April 19, 1999, an FA-18 fighter jet missed the practice target, hitting an area
adjacent to a naval observation tower.7 The 500-pound bomb killed a civilian
security guard and injured four others. The responsibility of the security guard
was to make certain no one was near the bombing range for security reasons.
The Navy apologized for the incident but was adamant about conducting its own
investigation without the cooperation of Puerto Rican authorities.8 The naval
investigation revealed errors by the fighter pilot and a ground control officer. 9
The pilot became disoriented and selected the observation tower as the target.
Without following naval regulations that required visual contact with the plane,
the ground control officer cleared the pilot to drop the bomb.
The Navy insists that Vieques is a crucial training site because it offers 200,000
square miles of uncongested air and sea space and some land for target and
amphibious assaults.10 In addition, the area offers an underwater training range
for submarines and an opportunity to utilize all war resources.
Thus, the 60 years of U.S. Navy activities on Vieques have generated a profound
conflict with the Puerto Rican government and especially with local residents.
This conflict is clearly over the use of coastal space on this small island. A
Presidential Commission reconsidered the Navy’s role in Vieques and
recommended abandoning the site and its related activities within 5 years.11
Inert bombs would be utilized during this period of transition.
Nature of the Coastal Access Conflict
The Navy controls beach and coastal water access through a series of regulations
and schedules posted weekly in town areas (See Appendix 1). The notices
include the days and times of Naval prohibition of access to specific areas.
Naval personnel then post red flags on the corresponding beaches to indicate
prohibited access.
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Lt. Charles Swift 12 , Naval Staff Advocate and environmental lawyer, stated
another version of current access regulations. The entrance to the Green Beach
area and Mosquito Pier, along the northwestern side of Vieques, is accessible
year-round, except once every quarter when ships have to unload munitions.
Although more people visit Green Beach by boat than by car, which diminishes
the inconvenience imposed by closing vehicular access, Mosquito Pier is a
popular fishing spot mostly used by locals. The Camp Garcia beaches (Red and
Blue Beaches) on the southern coast are closed when military forces conduct
ground maneuvers, but Lt. Swift did not report the number of days in 1997-98
that this occurred. Although roads exist that lead to the beaches along the
eastern side of the island close to and around the impact area, the Navy does not
allow recreational access to them for safety reasons. The Navy does permit
tourists to arrange transportation to isolated beaches for day trips as long as they
are not in restricted areas.
Federal Consistency and Legal Precedents
Many long-standing obstacles impede the implementation of alternative
recreational possibilities for Vieques. Legal challenges to these precedents could
be made on several fronts, one of which relates to Federal Consistency. The
Coastal Zone Management Act (CZMA) requires that federal actions that are
reasonably likely to affect any land or water use or natural resource of the
coastal zone be consistent with the enforceable policies of a coastal state’s or
territory’s federally approved coastal management program. 13 The Coastal Zone
Management Act Reauthorization Amendments of 1990 amended the Federal
Consistency requirements of section 307(c)(1)(A) to require consistency review
for federal activities inside or outside the coastal zone that may affect coastal
zone resources.
Section 307(c)(1)(A) of the CZMA [16 U.S.C. sec.
307(c)(1)(A)] now requires that
[e]ach Federal agency activity within or outside the coastal
zone that affects any land or water use or natural resource
of the coastal zone shall be carried out in a manner which
is consistent to the maximum extent practicable with the
enforceable policies of approved State management
programs.
The Federal Consistency Workbook goes on to explain that these changes reflect
congressional intent to
establish a generally applicable rule of law that any federal
agency activity (regardless of its location) is subject to
[the consistency requirement] if it will affect any natural
resources, land uses, or water uses in the coastal zone. No
federal agency activities are categorically exempt from this
requirement.14
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Due to the requirements discussed above, all federal agencies must “make a case
by case factual determination of reasonably foreseeable effects on the coastal
zone.”15 Therefore, although the Navy lands are not in the coastal zone as
defined in the Puerto Rican Coastal Zone Management Plan and CZMA sec.
304, their activities may still be subject to Federal Consistency review.
Many precedent cases and policies from Connecticut, New York, and
California 16 reaffirm the applicability of Federal Consistency in the case of
Vieques. In a 1988 Connecticut case, the Navy required that a zone surrounding
the New London Submarine Base be restricted from all but Naval uses.17
Recognizing national defense interests, the State of Connecticut also recognized
that the coastal zone is a place of commerce and that the public should have
access to the coast for recreational purposes. Through the use of federal
consistency, Connecticut’s Coastal Zone Management Program established a
compromise with the Navy to resolve water-dependent use conflicts.18 This
compromise permitted commercial and recreational development on the side of
the river opposite the submarine base, an area the Navy would have preferred to
remain more restricted than the final plan permitted. The State of Connecticut
offers many similar examples of consistency review for naval base activities.19
In a 1995 New York case, the U.S. District Court for the Northern District of
New York concluded that a Navy’s dredge disposal project was not consistent
with the New York Coastal Management Program. 20 The General Counsel of
the Navy agreed to modify the project by providing barge reports, allowing
access to state observers, and developing a biological monitoring project to
assess the environmental effects of the disposal activities.
Puerto Rican authorities could also consider exercising their authority in matters
of Federal Consistency for Naval activities in Vieques. Similarly, the Navy
should listen to Puerto Rico’s concerns and act to restrict or end its activities on
Vieques.
CZMA sec. 307(c)(1)(B) states that the Secretary of Commerce may request the
President to exempt an inconsistent activity if he determines that the activity is
of paramount interest to the US. Military/national security activities might be
considered of paramount interest to the nation. However, paramount national
interests and their interplay with local values depend on one’s value system. Is
it in the paramount interest of the nation to bomb an island populated with US
citizens? The Navy utilizes at least two other islands (San Clemente in
California and Bloodsworth Island (BWI) in Chesapeake Bay) for target
practice, but these islands are not populated. Is it of paramount national interest
to threaten Vieques' sensitive coastal ecosystems that are in need of
conservation? The regulations on BWI, in contrast, are stricter; for example, the
area is closed to bombing during bird migratory season, and bombs cannot
exceed 500 lbs.21
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Perhaps reconsideration of the issue of the water pollution permit granted to the
Navy just prior to the 1983 MOU is in order. After initially denying the Navy's
request for a permit, the government of Puerto Rico may have granted it under
pressure in exchange for the MOU provision for the Navy's assistance with
economic development and environmental damage mitigation. Yet, neither of
these promises has come to fruition in any meaningful way.
The Navy prepares Environmental Assessments (EA) for each military exercise.
The EA’s routinely state that proposed operations will not affect any coastal
natural resource of Vieques, thus precluding the need for an Environmental
Impact Statement (EIS). 22 The time is ripe for a new EIS and a Federal
Consistency review that would determine the current effects of target practice on
the access and integrity of Vieques' coasts.
Coastal Use Alternatives
Alternative uses of the coastal areas of Vieques could bring innumerable
benefits to Puerto Rican and foreign tourists, island residents, business owners,
and local government. More opportunities to fish and less damaged nets could
increase fishers’ income. Implementation of a new economic development plan
could include the emergence of new tourism-related small business owners.
Local and commonwealth governments could benefit from additional revenues.
The tourism industry could offer a greater choice of marine recreational
activities centered around the 40 beaches and the mangrove sites around the
island.
The eastern part of Vieques (See Figure 1), where the live impact area is located,
would be most appropriate for a multiple use Marine Protected Area (MPA).
This region is in great need of special protection because it requires significant
rehabilitation and cleanup of unexploded ordnance and exploded bomb debris on
sea and land. It is also the section of Vieques with the best beaches and marine
life, due to nutrient upwelling resulting from a convergence of Atlantic and
Caribbean currents.23 The safety issue combined with conservation effort
contrast with the common concerns of other MPAs, which usually center on
conservation, recreational, and commercial issues. The designation of closed,
no-take reserves address safety and fish conservation issues. Preparation of a
management plan requires identification of exploded and unexploded ordnance,
fish nursery grounds, and reefs. Consultation with commercial fishers is
imperative in Vieques for the success of a management plan, and a comanagement approach involving local/state agencies and fishers is highly
desirable. Initially, Puerto Rican fishing regulations could be used with an ongoing review to consider special needs of the area. The feasibility of installing
mooring buoys for the use of dive operators should be considered. Careful
attention must be given to the presence of buried unexploded ordnance and the
possibility of an explosion that might result from drilling. A Vieques MPA plan
should consider management objectives for multiple uses. After decades of
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prohibited access, Vieques residents probably would not support an overly
restrictive MPA plan.

The Blue Beach (Bahía de la Chiva) and the Red Beach (Caracas) areas, located
in the southern part of the island, could be converted into public beach areas
with facilities for daytime recreation. This area is well suited for this purpose;
the Red and Blue beaches are presently the most popular Navy beaches for
recreation despite the restricted access and decayed vegetation. Many areas
under naval jurisdiction could be developed as low-impact tourism areas where
a series of small guesthouses could be built near beaches that would still
maintain public access for daytime users.
The western side of the island, where the current Naval ammunition storage site
is located, also contains conservation zones and the Green Beach (Punta Arenas)
recreational area. Because the offshore waters are also popular anchoring sites,
mooring buoys could protect the adjacent degraded coral reefs. The Kiani
Lagoon (See Map 1) is also located on the northwest side of the island in the
same area as a Superfund site,24 and the associated mangrove area is
contaminated. The Navy decided to propose a No Further Action Alternative to
the Superfund site because, according to information presented, “(n)either the
soil, sediment, ground water, nor surface water at the sites appears to pose a
threat to human health or the environment.” 25 A plan for planting mangrove
seedlings, as well as final cleanup of the Navy’s waste disposal site (the
Superfund site) may be appropriate
Conclusion
This paper has presented an analysis of the Navy’s marine public access policy
in Vieques, Puerto Rico, and argues for the application of Federal Consistency
to promote ecosystem protection and peaceful uses of Vieques. This analysis
also proposes that, for an ideal management plan to work in Vieques, the Navy
would have to leave the island most likely by presidential order or legislative
mandate. The historically unyielding nature of naval coastal access policy
appears to exclude the possibility of a compromise in the conflict.
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Puerto Ricans of all political affiliations share a long history of opposition to the
Navy’s presence in Vieques. While North American United States citizens
vociferously protest base closings in the States, for decades Puerto Ricans have
demanded that the Navy leave Vieques in order to achieve sustainable economic
development. Do Puerto Ricans’ lack of congressional representation, their
inability to vote in presidential elections, and cultural differences influence the
way US policy affects them? Would the Navy conduct target practice on a
populated US mainland coastal island? These are all serious questions that,
apparently, no one who directs US marine policy has ever directly addressed.
The presence of the Navy in Vieques is indeed a difficult issue to resolve
through use of laws and legal precedents due to the Navy’s historical
intransigence and political strength. Perhaps the solution lies in the political
realm, an event that may be occurring presently due to the series of protest
events that the unfortunate civilian death initiated. This action and others at
high political levels in Washington may mark the beginning of the resolution of
this seemingly intransigent conflict.
Endnotes
1

Cicin-Sain, B. and Knecht, R. 1998. Integrated Coastal and Ocean
Management: Concepts and Practices. Island Press: Washington D.C., p. 19.
2
Rivera-Torres, L. and Torres, A. Nov. 1996. Vieques, Puerto Rico: Economic
Conversion and Sustainable Development. Draft for discussion, p. 1.
3
Weinberger, Casper, Secretary of Defense, et al. v. Carlos Romero Barceló, et
al. 456 US 305 (1982), p. 307.
4
US v. Commonwealth of Puerto Rico. Civil Action No. 82-0726 (U.S. District
Court, Puerto Rico).
5
Memorandum regarding the island of Vieques. Signatory representatives:
Carlos Romero Barceló, Governor of Puerto Rico and James R. Goodrich,
Acting Secretary of the Navy. 11 Oct. 1983.
6
Grusky, Sara. The Navy as social provider in Vieques, PR, Armed Forces &
Society. Winter 1992.
7
Colombani, J. “Bomba cobra una vida civil en Vieques". El Nuevo Dia. 20
April 1999, p. 6.
8
Gotay, B., and Mulero. L. “Pide perdón la Marina de Guerra Estadounidense”
El Nuevo Dia. 21 April 1999, p. 8.
9
National Section. “Navy attributes fatal bombings to mistakes". The New
York Times. 3 Aug. 1999, p. A12.
10
Navarro supra note 22.
11
Report to the Secretary of Defense of the Special Panel on Military Operations
on Vieques. Oct. 1999. www. defenselink.mil/news/Oct1999/viq_101899.html
12
Swift, supra note 11.
13
National Oceanic and Atmospheric Administration. “Federal Consistency
Requirements”. The Federal Consistency Workbook. [hereinafter Workbook]
19 Jul. 1995, p. 1.
841

14

Conference Report, supra note 35, at Section 6208, p. 970.
Workbook, supra note 42, at 3.
16
California Coastal Commission. Final Compendium of California Coastal
Commission Decisions under the Federal Consistency Provisions: Phase II NonOCS Activities, Jan. 1983-Dec.1988. Includes Appendix E (1989-91) and
Appendix F (1992-94).
17
Sedar-Senghor Wright, A. National Coastal Zone Management and the
Promotion of Public awareness on Coastal Issues. An Internship Report
submitted to the Rosenstiel School of Marine and Atmospheric Science. April
1996, p. 15.
18
Letter to Commander D.J. Holen, Department of the Navy, from Arthur J.
Rocque, Jr, Director of Connecticut’s Department of Environmental Protection.
27 Apr. 1988.
19
Letters of communication from Arthur J. Rocque, Jr., Assistant
Commissioner, Connecticut’s Department of Environmental Protection, to the
Navy’s Environmental Department: regarding proposed installation of PC25B
fuel cell demonstration project (26 June 1995), installation of a 13.8 KV
electrical distribution system (24 Sept. 1996), and proposal to upgrade sewage
pump stations (11 July 1997).
20
Federal Consistency Bulletin. Office of Ocean and Coastal Resource
Management. NOAA. No. 4, Feb. 1996.
21
Zielske, Catherine, US Navy Natural Resources Coordinator for BWI.
Environmental Quality Division. Norfolk, Virginia. Telephone and e-mail
communications. 25 Nov. 1997.
22
Commander, Atlantic Division, Naval Facilities Engineering Command, for
the Commander in Chief, US Atlantic Command. Environmental Assessment
for Joint Task Force Exercise 1998-2 (April 1998), p. 29; and Environmental
Assessment for Joint Task Force Exercise 1999-1 (January 1999), p. 22.
23
Ventura, Carlos. President of the Vieques Fisher’s Association. Telephone
communications. 12 Oct. & 2 Nov. 1997.
24
Naval Ammunition Facility (NAF-Vieques). Environmental Protection
Agency Superfund Archive Sites: No Further Remedial Action Planned
(NFRAP). http://www.epa.gov/oerrpage/superfund/sites/arcsites/reg02
/a0202578.htm. This page was last updated on 3 May 1999.
25
US Navy. Draft No Further Response Action Plan for Sites One, Two and
Three. July 1996.
15

Eileen Alicea
University of Miami
Rosenstiel School of Marine and Atmospheric Science
4600 Rickenbacker Causeway
Miami, FL 33149
Phone: (305) 740-0463
Email: ealicea@rsmas.miami.edu
842

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

ABSTRACT

COMMUNITY STRUCTURE OF BENTHIC FORAMINIFERAL
ASSEMBLAGES: A STATISTICAL METHOD TO ASSESS
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Florida Bay is a shallow, subtropical estuary, which experiences highly variable
environmental fluctuations due to natural forces (hurricanes, climatic variations
and sea level rise) and anthropogenic influences (agricultural activity, water
management and urbanization). The effects of natural and anthropogenic
influences on present assemblages are difficult to understand without knowledge
about the characteristics of the natural assemblages. Statistical analyses of
modern assemblages can be conducted to determine their environmental
preferences. When these results are applied to downcore faunal assemblages the
interpretation of historical environmental trends can be made. The foraminiferal
assemblages preserved in two cores from the Florida Bay region (Oyster Bay
and Jimmy Key) provide a record of historical trends in environmental
fluctuations. Foraminiferal populations exhibited dramatic shifts and significant
temporal variability at both Jimmy Key and Oyster Bay core sites in total
abundance and the Shanon-Weiner Diversity Index (SWDI). These shifts
indicate a long-term change to more saline conditions with greater variablity in
salinity changes beginning around the mid-1900s and also correspond to the
construction of the Everglades Agricultural Area (EAA), construction of canals
and water management practices. In the absence of archived data this method
can be useful in determining the natural state of an ecosystem before
anthropogenic changes occurred. Establishment of environmental parameters
with current assemblages can be applied downcore to assess changes and
possibly differentiate between natural and anthropogenic influences. This will
allow managers to make informed decisions regarding restoration and
monitoring practices for a wide range of coastal ecosystems.
Charles Featherstone
Oceanographer
NOAA/AOML/OCD
4301 Rickenbacker Causeway
Miami, FL 33149
telephone: 305-361-4430
fax: 305-361-4392
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IMMUNE FUNCTION AS A BIOMARKER FOR CONTAMINANT
EXPOSURE IN COASTAL BIRDS: IN VITRO ASSAY DEVELOPMENT
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Don Croll & Bernie Tershy, Institute of Marine Sciences, University of
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Emma Croisant &Keith Grasman, Department of Biological Sciences, Wright
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Introduction
It is often difficult to assess the effects of sub-lethal contaminant exposure in
wildlife populations. One reason for this difficulty is that markers of effect,
such as reproductive success, are influenced by many interacting environmental
factors (competition, habitat, food availability) and require substantial effort and
time to assess. Immune function has been shown to be a biological marker that
is sensitive to sub-lethal contaminant exposure, due in part to its physiologic
complexity (National Research Council, 1992). There is increasing evidence
that contaminant-induced immunosuppression in wildlife contributes to
significant population declines of marine mammals (McGourty, 1988; Ross et
al., 1996). For birds, Sagerup et al. (in press) found a strong correlation between
parasite load (an indicator of an individual's health) and levels of
organochlorines. However, existing studies on wild populations are limited in
number, and literature reviews have cited the need for more research into
contaminant-induced immunosuppression (Briggs et al., 1996; Fairbrother,
1994). Here we present data from preliminary studies on the development and
validation of methods to assess immune function as biomarkers of contaminant
exposure/effect in a variety of avian species. To assess immune function we
have examined mitogen-induced lymphocyte proliferation and monocyte
phagocytosis. Lymphocyte proliferation in response to an antigen is an
important first step in antibody production, whereas phagocytosis is a first line
of defense against some pathogens. From this work we hope to establish
methods that can be used to assess immune function in wild populations of
coastal birds.
Materials and Methods
Method Development
The objectives of this study were to: (1) Determine an optimal method for the
isolation of monocytes and lymphocytes for use in immune function tests; (2)
Validate that isolated white blood cells (WBCs) could be cryo-preserved for
later assessment of immune function; (3) Evaluate a non-radioactive method to
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assess cell proliferation for use in a mitogen-induced cell proliferation assay; (4)
Evaluate and validate an assay to assess phagocytic ability of plated monocytes;
and (5) Evaluate and validate the sensitivity and reproducibility of the effect of
in vitro exposure to contaminants on mitogen-induced lymphocyte proliferation
and phagocytosis .
Sample Collection
Blood was collected opportunistically from the following species for use in
methods development: Domestic chicken (Gallus, species), domestic goose
(Anser, species), Magellanic Penguin (Spheniscus magellanicus), American
Coot (Fulica americana), Western Gull (Larus occidentalis) and Ostrich
(Struthio camelus).
Objective #1 - White Blood Cell (WBC) Isolation
Whole blood (~2 mls) was centrifuged at 1000xg for 10 minutes, and the plasma
fraction collected and stored for future use. RPMI with 10% FBS and pen/strep
(C-RPMI) was added to the remaining blood fraction (to obtain 2x the original
volume of whole blood) and mixed gently. After evaluating the use of a
Histopaque 1.077 and Histopaque 1.077 layered on 1.119 for both monocyte and
lympocyte recovery, the following protocol was adopted: Lymphocyte isolation:
Blood/C-RPMI mixture was layered on top of 3mls of Histopaque 1.119 and 3
mls of Histopaque 1.077 and centrifuged at speed 700xg for 30 min. The
lymphocyte layer was isolated, and cells were washed 2x in 10mls C-RPMI.
Monocyte isolation: Blood/C-RPMI mixture was layered on top of 3mls of
Histopaque 1.119 and centrifuged at speed 600xg for 30 min. The monocyte
layer was isolated, and cells were washed 2x in 10mls C-RPMI.
Objective #2 - Cryo-preservation
Freeze Cells: Isolated cells (monocytes or lymphocytes, see above) were resuspended in Origen DMSO freeze medium (Fisher cat #1G50-0715). Samples
were stored in cryovials and placed in a Nalgene cryo-preservation container for
at least 4 hours at -70C. Cryovials were transferred to liquid nitrogen and stored
until analysis. Thaw Cells: Cells were thawed quickly by placing in a water
bath (41˚C) and diluted with 10mls of C-RPMI for each ml of cell suspension
frozen. Cell suspension was incubated (at 41C and 5%CO2) for 4 hours. Cells
were washed 2x and re-suspended in C-RPMI to obtain the desired cell
concentration.
All subsequent tests below were conducted on cryo-preserved cells and
incubated at 41˚C, 5%CO2, except where stated otherwise.
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Objective #3 - Mitogen induced cell proliferation
A colorimetric immunoassay, BrdU (Boehringer Manneheim #1647229), was
evaluated to assess lymphocyte proliferation by the measurement of
incorporation of BrdU (a pyrimidine analogue) into DNA synthesis. 3.5x106
live lymphocytes/ml were plated in 96 well plates with Concavalin-A (Con-A)
(10, 20, and 50 µg/ml), and incubated for 48 hours. BrdU labeling agent was
added to each well and the plates were incubated 22 hours. Cells were harvested
according to BrdU kit instructions; plate absorbance was measured on an ELISA
plate reader.
Objective #4 Monocyte Phagocytosis
Monocyte phagocytosis was conducted according to the method of Trust et al.
(1994). One ml of 4x106 leukocytes/ml was placed in each well of a 24 well
plate and incubated at 4˚C for 24 hours. Suspension media was removed and 1
ml of C-RPMI was added to each well. Plates were incubated for 24 hours.
Fifty µl of 1x107 FITC labeled yeast were added to each well. Plates were
incubated for 15 min, washed 3x with PBS, and examined under a fluorescent
microscope. Phagocytosis was quantified by counting the number of yeast
ingested for at least 100 plated phagocytic cells.
Method Validation
Objective #5 - In Vitro Spiking of Cells
Various toxic metals (lead, cadmium, mercury) and a synthetic organic
compound (9, 10, Dimethyl-1,2-Benz-anthracene) were utilized in in vitro cell
exposures to assess the effects of contaminants on immune function using the
above assays. One thousand ppm mercury (Hg), cadmium (Cd), and lead (Pb)
stock were diluted in C-RPMI (pH=7.2-7.3). 9, 10, Dimethyl-1,2-Benzanthracene (DMBA) (Sigma) was dissolved in DMSO (tissue culture grade) and
diluted in C-RPMI. The final concentration of the DMSO carrier was ~0.125%
in the plate wells.
Results and Discussion
Method Development
Objective #1 - White Blood Cell (WBC) isolation
Initial attempts to isolate both lymphocytes and monocytes from the same cell
population by layering over Histopaque 1.077 and then plating the cells for 24
hours proved unsuccessful. The recovery of lymphocytes from the single
suspension liquid was unacceptably low (<5x106 total lymphocytes), and there
were not sufficient monocyte numbers plated for conducting the phagocytosis
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assay. Based on this, it was necessary to split the collected whole blood sample
and perform separate cell isolations, using Histopaque 1.077 for monocytes and
Histopaque 1.077 layered over Histopaque 1.119 for lymphocytes. For single
and double density isolation of leukocytes, WBC recovery was between 2.5x 106
and 3.7x107 leukocytes per ml of blood collected. This approach was assessed
in a variety of avian species (chicken, goose, American Coot, Western Gull, and
Magellanic Penguin) to ensure its general applicability. Comparable and
satisfactory cell recoveries were obtained for all species evaluated.
Objective #2 - Cryo-preservation
Cryo-preservation proved to be a valuable method for long-term sample storage
(greater than 3 days), with cell viability post-thaw between 73 and 95% when
evaluated with Trypan blue exclusion (Table 1). There was no measurable
difference between species evaluated in cell viability after cryo-preservation. In
addition, other laboratory experiments have found no difference in the Con-A
induced proliferation response for fresh and cryo-preserved chicken
lymphocytes (Croisant, unpublished data).
Table 1.Viability of cryo-preserved avian WBCs. Viability was determined
using trypan blue exclusion.
Species (n)
Cell Viability, Post-thaw* Days cryo-preserved
Domestic Goose (1)
76%
1
Domestic Chicken (6)
81-95%
5
Domestic Chicken (2)
74-79%
12
Domestic Chicken (3)
73-85%
48
Magellanic Penguin (2)
80%
74
Ostrich (1)
83%
148
Ostrich (1)
83%
300
* Cell viability prior to cryo-preservation (i.e., fresh) was >95% for all species.
Mitogen-induced cell proliferation
The chosen mitogen concentrations (10, 20, 50µg/ml of Con-A) stimulated a
strong proliferation response, with the peak proliferation at 20µg/ml with little
variability for 3 chickens run across 3 different plates (Figure 1). All
proliferation is reported as % of unstimulated control values unless otherwise
noted.
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Figure 1. Proliferation response of chicken lymphocytes to 0, 10, 20, and 50 µg/ml ConA (n=3 birds/point, +/-SE).

Monocyte Phagocytosis
Figure 2 illustrates the average phagocytic response of 3 different birds run
across 3 plates. The low variability between birds allows differences to be
detected when cells were exposed to contaminants (Figure 7). (Note: We did
not differentiate between phagocytic monocytes and thrombocytes for the results
shown).
100
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number of yeast ingested

Figure 2. Phagocytosis of yeast by chicken phagocytic cells (n=3 birds/point, +/-SE).
The phagocytic index was reported as 0, 1-5, and ≥6 yeast ingested for at least 100
phagocytic cells.

Method Validation
In Vitro Exposure of Cells to Contaminants
Metals: In vitro additions of Cd and Pb to a final concentration of 1ppm had no
measurable effect on cell proliferation (BrdU assay). However, the addition of
Hg to the metal mixture at a final concentration of 1ppm for each metal
significantly suppressed cell proliferation (Figure 3).
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Figure 3. Chicken lymphocyte proliferation following in vitro exposure to lead, mercury,
and cadmium. Con-A= 20µg/ml. Overall effect of treatments was significant (p < 0.05)
based on ANOVA (Star indicates significance between specific treatments; n=3, error
bars are std. error).

Figure 4 illustrates the ability of Hg to suppress lymphocyte proliferation in a
dose response manner. The ability of cells to ingest yeast tended to be
suppressed with 1ppm metal exposures
(Pb, Cd, Hg) (Figure 5).
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Figure 4. Chicken lymphocyte proliferation following in vitro exposure to different
concentrations of mercury. Con-A= 10µg/ml, (n=2). Each bar per treatment is
representative of an individual bird.
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Figure 5. Chicken phagocytosis following in vitro exposure to a mixture of lead, mercury
and cadmium, (n=2). Each bar per treatment is representative of an individual bird.
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9,10, Dimethyl-1,2-Benz-anthracene (DMBA)
In vitro exposure of 1.25, 12.5, and 165.8µM DMBA significantly (p<0.05)
reduced the ability of chicken leukocytes to proliferate and ingest yeast (Figures
6 and 7).
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Figure 6 Chicken lymphocyte proliferation following in vitro exposure to 9,10, Dimethyl1,2-Benz-anthracene. Con-A= 20µg/ml. Overall effect of treatments was significant (p <
0.05) based on ANOVA (letters indicate significance between specific treatments; n=3,
error bars are std. error).
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Figure 7. Chicken phagocytosis following in vitro exposure to 9,10, Dimethyl-1,2-Benzanthracene. Overall effect of treatments was significant (p < 0.05) based on ANOVA
(letters indicate significance between specific treatments; n=3, error bars are std. error).

Conclusions
This preliminary study demonstrated that: (i) The cell separation technique
yielded sufficient recovery of WBCs to perform lymphocyte proliferation and
phagocytosis assays; (ii) Cryo-preserved cells exhibited high viability (73-95%),
even when cells were stored for periods of up to 300 days; (iii) In vitro
exposure of heavy metal (Pb, Cd, and Hg) and organic (9,10 Dimethyl-1,2Benz-anthracene) contaminants suppressed mitogen induced cell proliferation
and phagocytosis of avian WBC. Future work will apply these tests to assess
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immune function in wild populations of birds residing in areas known to contain
sub-lethal levels of environmental contamination.
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ESTABLISHMENT OF THE SCDHEC-OCRM INFORMATION
MANAGEMENT SYSTEM: INTERFACING INFORMATION AND
LOCAL GOVERNMENTS
Teresa G. Fleener, South Carolina Office of Ocean and Coastal Resource
Management

Education on the value and existence of natural resources is a necessary tool for
coastal management. An appreciation for the benefits of coastal resources
prepares communities for healthy development. A well-informed community
makes planning decisions that recognize long-term costs as well as short-term
gains. Access to accurate natural resources information is indispensable for both
natural resource managers and for beneficial growth within the coastal zone.
There is, however, a disparity in information acquisition, as the local decisionmakers are unaware or unable to access critical information on natural resources.
This includes an absence of accurate information and technology as well as an
ignorance of regulations. The result is too often development that escalates the
stress on natural resources and hence limits the abilities of communities to
provide the basic amenities of clean water, clean air and space.
Coastal Growth and Information Transfer
South Carolina is experiencing rapid growth in its coastal zone. Coastal
communities are becoming more aware of the limits of existing federal and state
regulations to protect the community or their surrounding natural resources.
Lacking environmental management experience, many communities are
requesting technical assistance and natural resource information to formulate
better planning strategies.
The South Carolina Office of Ocean and Coastal Resource Management
(OCRM) is in the Department of Health and Environmental Control. It is to this
office that many communities request the necessary expertise to adequately
address coastal resource issues. Staff from the agency are regularly asked to
participate in local and regional planning efforts. Research conducted by the
agency is used to support planning initiatives throughout the coast. The new
Planning Division of OCRM is responsible for effectively meeting these needs
of the coastal communities. It has become apparent to the planning staff that an
organized system is needed to better reach and support the local governments
with the available information.
Difficulties are on both the local government and the OCRM sides. The local
governments are not aware of the available reports and planning information and
their technological capabilities and needs are not specifically known. The local
municipalities also under utilize information from other government agencies.
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This has left the development of local comprehensive plans without significant
consideration for natural resources. OCRM, while aware of the local
governments requests, does not have its own existing information and data in
formats that are appropriate for all parties nor is it easily distributable.
Establishing the Information Clearinghouse
Attentive to this dilemma, the Planning Division of OCRM, with the support of
the National Oceanic Atmospheric Administration through a Coastal
Management Fellowship, is establishing an information clearinghouse to
provide the local municipalities access to planning tools and natural resource
information. The Planning Division is concurrently initiating an in-house
Planning Information Management System to aid OCRM staff in understanding
and using new information on innovations in coastal management. Through a
series of steps, four goals are being instituted to bring the OCRM Information
Clearinghouse to an operational reality.
The first goal, and the most pressing prerequisite, is to assess the technical
capabilities and information needs of the local governments within the coastal
zone. A survey with questions concerning information needs and technical
capabilities has been sent to all of the coastal zone municipal governments and
several state and county agencies. The results of the survey will be complete in
early April and then used to prioritize the information/data to be distributed and
to determine appropriate delivery formats and mechanisms.
The second goal includes establishing the Information Management System with
a corresponding Information Distribution Mechanism. These two sub-projects
are to provide the local governments with requested information in a usable
format. It is expected that this distribution mechanism will take on several
forms including Internet web pages, hard copy, and digital. Additionally,
protocols will be developed to ensure long-term data content maintenance and
technological updates of the distribution formats.
The third goal within the Clearinghouse system is to utilize the Information
Management System to keep the OCRM staff updated with new and innovative
coastal research. The Information Management System is to be synchronized
for the education of the OCRM staff as well as for the assistance of the local
governments and the public.
In late 1999, the OCRM staff participated in an office survey. The goals of the
survey were to determine whether information and resource materials produced
by OCRM divisions would be useful to local governments and whether there are
resource materials and training that could be useful to OCRM staff. The results
evaluate the staff's perception of in-house effectiveness and of how to better
serve the public with improved information dissemination and technological
advancements. Overall, the agency staff feels that while they are putting
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adequate emphasis on wetlands and coastal development there is still an
expressed concern for the competency and effectiveness of the current wetland
legislation. The implicit need for planning and better planning organization,
both within the agency and within communities, is divided evenly between those
that feel there is not enough to minimal emphasis and those that feel there is
adequate to far too much emphasis. Adequate staffing, as well as further
training in conflict mediation, wetland delineation, GIS and office software are
perceived as significant matters. Everyone felt that the web page should have
even more information to assist the public. As a whole, the staff identified the
need for better information transfer, within the agency, between other agencies
and to the public, as a main concern.
Within the Information Management System will be a format protocol. Since
many local governments do not possess computers or GIS software, the requests
for paper maps and information is expected to be much larger than the need for
electronic data. (In calling to verify contacts and addresses for the survey, the
technical ability of many of these small government offices did not even include
voice mail, let alone computers, GIS or Internet access.) The bulk of the data
presently available at OCRM are recommendations and findings from the 67
Charleston Harbor Project research efforts, products from the Broad-New River
Watershed Wetland Management Project and other agency generated
information. This information is being developed into information indices and
data dictionaries as part of the Information Management System project. To
initiate the Information Clearinghouse project, an OCRM web page began in
1999 with information on permit processes, OCRM publications and projects.
Once the survey results indicate the types of information and the particular
formats that local governments need, the Information Distribution Mechanism
can be phased into operation. The information requested by the local
governments, in the returned surveys, will be organized and sent out first. A
protocol for data and information maintenance will be within the Information
Distribution Mechanism to keep the database current and effective. A third and
final protocol is also being developed for the overall information acquisition and
maintenance of the Information Clearinghouse.
Commencement Outreach
An education and outreach program will launch the Information Clearinghouse
with help from the OCRM Public Information Director. Assessment of
Clearinghouse effectiveness will be from feedback via questionnaires and phone
contact. Based upon the evaluation results, Clearinghouse components will then
be revised.
With the Information Clearinghouse functioning for both the local
municipalities and the OCRM staff, a fourth goal is to develop a procedure and
mechanism for integrating information to DHEC-OCRM policy development
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and permit review processes. This long-term goal has already been initiated
with dialogue resulting from the staff survey.
Once there is sufficient and accurate information organized into the Information
Management System and imparted to staff and public via the Information
Distribution System, the Information Clearinghouse will be an operational
reality. It will require the data and technology maintenance written into its three
protocols. Just as significantly, it will require regular administrative checks with
those it serves, the people and coastal governments of South Carolina.

Teresa G. Fleener
South Carolina Office of Ocean and Coastal Resource Management
Department of Health and Environmental Control
1362 McMillan Avenue, Suite 400
Charleston, SC 29405
Phone: (843) 747-4323
Fax: (843) 744-5847
Email:fleenetg@chastn86.dhec.state.sc.us
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DEVELOPING A RESTORATION AND MANAGEMENT PLAN FOR
FORESTED WETLANDS AT THE BUCKRIDGE COASTAL RESERVE
IN NORTH CAROLINA
J. David Fuss, North Carolina Division of Coastal Management
Introduction
The North Carolina Coastal Reserve System, which presently includes more than
30,000 acres of lands and waters associated with barrier islands, estuaries, and
coastal freshwater ecosystems, was established by the Coastal Reserve Act of 1989
(NCGS 113A-129.1-3). The Coastal Reserve System, administered by the N.C.
Division of Coastal Management (DCM), contains nine sites, four of which are part
of the National Estuarine Research Reserve System.
The Buckridge Coastal Reserve (hereafter Buckridge), the most recent and largest
addition to the Coastal Reserve System, represents the first inland Reserve site.
Buckridge is 18,648 acres of nonriverine swamp forest that serves as an important
addition to the 320,000 acre wetlands complex known as the Alligator River
Wetland Mega-Site. Buckridge harbors many rare, threatened, and endangered
species and communities of flora and fauna.
With funding from the N.C. Natural Heritage Trust Fund, the N.C. Clean Water
Management Trust Fund, and the U.S. Fish and Wildlife Service (USFWS), DCM
acquired Buckridge in June 1999. Funding was allotted for the planning and
implementation of restoration and management of forested wetlands at Buckridge.
This poster describes Buckridge and outlines the planning process for its wetlands.
Site Description
Located within Tyrrell County, Buckridge lies along the Alligator River, which
leads into the Albemarle Sound (Figure 1). The Albemarle Sound and its tributaries
are the state’s most important anadromous fish spawning areas (Epperly, 1984). In
particular, the Alligator River is designated by the N.C. Wildlife Resources
Commission and the N.C. Division of Marine Fisheries as a primary nursery area
for striped bass, spot, croaker, American shad, hickory shad, and weakfish, and as
a major spawning area for anadromous fish -- principally river herring (NC
DEHNR, 1997; NC DEHNR, 1990).
Buckridge is a vast area of nonriverine swamp forest that comprises communities
of pond pine woodland, peatland Atlantic white cedar and tidal cypress-gum swamp
(Schafale, 1996). Using criteria from The Nature Conservancy (Master, 1981), the
N.C. Natural Heritage Program determined that these specific community types are
rare globally and within the state of North Carolina. Historically, Buckridge has
856

been heavily timbered and most of the Atlantic white cedar (Chamaecyparis
thyoides) has been cut within the last 25 years (Bell, 1998). However,
approximately 4,000 acres of regenerating Atlantic white cedar exists, representing
the most extensive contiguous example of the species in North Carolina and about
one-third of what remains in the state (Davis and Daniels, 1997).
As a result of its timber history, Buckridge is hydrologically altered by 49 miles of
ditches and canals. Most of the site is characterized by shallow and deep peat soils,
with isolated areas of mineral soils (Tant et al., 1988). Studies by the USFWS on
the adjacent Pocosin Lakes National Wildlife Refuge show that drainage facilitates
the oxidation of deep peat soils, resulting in a tremendous release of nutrients (e.g.
nitrogen) and mercury (Hinesley and Wicker, 1997).
Situated between the Pocosin Lakes National Wildlife Refuge and the Alligator
River National Wildlife Refuge, Buckridge and its adjacent waters serve as an
important habitat corridor for many rare, threatened and endangered wildlife
species, such as American alligator, black bear, bald eagle, Atlantic sturgeon,
shortnose sturgeon, red wolf, red-cockaded woodpecker, and neotropical migratory
birds.

Albemarle Sound
Coastal
Counties of
North Carolina

Tyrrell County

Buckridge

Atlantic Ocean

Figure 1. Area map showing the coastal counties of North Carolina and the Buckridge Coastal
Reserve in Tyrrell County along the Alligator River near the Albemarle Sound.
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Plan Development
DCM, with the guidance of the USFWS, is developing a restoration and
management plan for the swamp forest resources at Buckridge, with an emphasis
on the Atlantic white cedar community. Due to the history of alteration from past
timber activities, adequate planning for Buckridge’s management and restoration
is important to its success. Hydrological restoration will be emphasized.
The planning process for Buckridge includes several phases (Figure 2). First, an
environmental assessment, which outlines the goals and objectives of the project,
was completed to fulfill requirements of the USFWS. Second, a comprehensive
resource assessment is underway. The assessment will yield needed information
about the condition of the forested wetland resources, particularly Atlantic white
cedar. Third, DCM will incorporate input from researchers and experts in Atlantic
white cedar growth and management. This phase will integrate information from the
scientific literature and the opinions of an ad hoc advisory group of experts
performing Atlantic white cedar research and restoration in coastal North Carolina.
Fourth, based on the resource assessment and the input from the literature and the
experts, restoration and management alternatives for the swamp forest resources at
Buckridge will be identified. Fifth, the alternatives that are ecologically sound and
are best suitable to the goals and objectives of the project will be chosen. Lastly, a
restoration and management plan for the forested wetland resources will be
finalized and implemented.
The environmental assessment prepared for the USFWS outlines the goals and
objectives of the restoration and management of forested wetlands at Buckridge.
The overarching goals of the North Carolina Coastal Reserve System are: 1)
preservation of coastal ecosystems; 2) research in support of resource management
decision-making; 3) educational activities to promote awareness of the importance
of coastal ecosystems; and 4) recreational activities that do not interfere with the
other Reserve goals. The specific objectives for the Buckridge project are to: a)
restore the natural hydrology and vegetative communities; b) protect the outstanding
water quality of the Alligator River; c) improve water quality in the coastal area by
preserving and restoring functioning wetlands; and d) ensure the protection of
aquatic and terrestrial habitat at a watershed level. The environmental assessment
further addresses the possible restoration and management alternatives – and their
potential beneficial and negative impacts - that may become part of the final
restoration and management plan for the swamp forest resources at Buckridge.
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Define goals and objectives for Buckridge project
Perform comprehensive assessment of forested wetland resources
and create GIS
Integrate scientific literature and input from experts
Identify restoration and management alternatives
Choose ecologically sound alternatives suitable to project goals and
objectives
Finalize restoration and management plan for forested wetland resources at
the Buckridge Coastal Reserve
Implement the plan and monitor the results
Figure 2. The planning process for developing a restoration and management plan
for the forested wetland resources at the Buckridge Coastal Reserve.
A comprehensive forested wetland resource assessment is underway at Buckridge.
Information about the condition of the different forest community types is being
collected. The types of data collected include: height, age, diameter at breast height,
and condition of the trees; soil type; and adjacent species. In addition, information
about associated wildlife species is also being collected. For example, a survey of
the status of red-cockaded woodpeckers at Buckridge has been completed in
conjunction with a survey at the adjacent Pocosin Lakes National Wildlife Refuge.
Other wildlife status assessments may be undertaken by volunteer groups or other
agencies. Finally, an assessment of the hydrology at Buckridge is underway.
Activities include identification of culvert locations, direction of flow in drainage
ditches, water level monitoring, and water quality monitoring. This information will
provide insight into how to restore the hydrology and where to place key water
control structures.
In support of the resource assessment, a GIS for Buckridge is being assembled. This
will include GPS data for the reserve boundary, roads and other features, as well as
GIS data for soils, vegetation types, locations of red-cockaded woodpecker nests,
and locations of monitoring wells and water control devices. The GIS will afford
a landscape perspective that will aid in making decisions about Buckridge’s
859

management and restoration. The GIS will also be enhanced by the existing GIS
wetlands data developed by DCM. This data includes wetland type, wetland
functional significance, and functional potential of wetland restoration sites.
In order to fully evaluate the possible alternatives to restoration and management
of the forested wetland resources at Buckridge, a comprehensive survey of the
existing literature is being undertaken. Also, input from Atlantic white cedar experts
and researchers is being sought. This group includes individuals from the USFWS,
the North Carolina Wetland Restoration Program, North Carolina State University,
Christopher Newport University, the North Carolina Division of Forest Resources,
and private consultants. With the assistance of this group, possible management and
restoration alternatives will be identified.
Then, the alternatives that are most ecologically sound and are best suitable to the
restoration and management goals and objectives will be chosen. These alternatives
will be incorporated into the final restoration and management plan for the forested
wetland resources at Buckridge, which will be produced by October 2001.
Plan Implementation and Monitoring
The plan will be implemented and monitored by DCM staff and collaborating
agencies. Corrective measures will be undertaken if deemed necessary. Efforts will
be made to integrate the other primary goals of the North Carolina Coastal Reserve
System - research and education - into the activities at Buckridge. Research on the
forested wetlands and associated wildlife resources will be encouraged. In addition,
educational materials and trips will be supported.
Conclusions
The Buckridge Coastal Reserve provides a unique opportunity for the state of North
Carolina to preserve and restore forested wetland ecosystems near the Alligator
River. Buckridge harbors many rare, threatened, and endangered species of flora
and fauna. Due to the site’s history of timber activity, proper restoration and
management of the site is essential to its long-term success. To that end, the process
of developing a restoration and management plan – including specific attention to
hydrological restoration - is important.
The plan development process includes the definition of goals and objectives, a
comprehensive resource assessment and creation of a GIS, the examination of
scientific literature and expert advice, and the evaluation of possible management
alternatives. By choosing the strategies that are ecologically sound and that best
meet the goals and objectives of the project, the likelihood of Buckridge’s success
will increase. With research and monitoring of the plan’s implementation, the
success of the restoration will be assessed. Through education, the advantages of
the planning process will be shared with other resource managers and the public.
860

References
Bell, A.Q. 1997. An appraisal report on 17,994 acre timberlands owned by
Buckridge, Inc. located in Gum Neck, Tyrrell County, North Carolina. Report to
The Nature Conservancy, Durham, North Carolina.
Davis, K.N. and S.M. Daniels. 1997. Restoration of Atlantic white cedar
ecosystems at Dare County Bombing Range, North Carolina: inventory of Atlantic
white cedar remnant stands in North Carolina. Edited by R.T. Belcher, D.A. Brown,
and R.B. Atkinson. BPA No. F31610-95-AV026, U.S. Air Force, Seymour Johnson
Air Force Base, Goldsboro, North Carolina.
Epperly, S.P. 1984. Fishes of the Pamlico-Albemarle Peninsula, North Carolina:
area utilization and potential impacts. N.C. Department of Natural Resources and
Community Development, Division of Marine Fisheries, Special Scientific Report
No. 42, CEIP Report No. 23.
Hinesley, L.E. and A.M. Wicker. 1997. Atlantic white cedar wetland restoration
project, Pocosin Lakes National Wildlife Refuge: report for 2nd year of 319
Demonstration Project. North Carolina State University and U.S. Fish and Wildlife
Service, Raleigh, North Carolina.
Master, L.L. 1981. Assessing threats and setting priorities for conservation.
Conservation Biology 5: 559-563.
N.C. Department of Environment, Health, and Natural Resources. 1997.
Pasquotank River basinwide water quality management plan. Division of Water
Quality, Water Quality Section, Raleigh, North Carolina.
N.C. Department of Environment, Health, and Natural Resources. 1990.
Nomination of specific inland waters for primary nursery area designation. Division
of Marine Fisheries, Morehead City, North Carolina.
Schafale, M. 1996. Site survey report for the Buck Island Bay Forest. Report of
the N.C. Department of Environment, Health, and Natural Resources, N.C. Natural
Heritage Program, Raleigh, North Carolina.
Tant, P.L., J.A. Gagnon, Jr., E. Coates, R.H. Ranson, Jr., W.A. Hayes, Jr., and
S. Barnes. 1988. Soil survey of Tyrrell County, North Carolina. U.S. Department
of Agriculture, Soil Conservation Service.
J. David Fuss
NOAA Coastal Management Fellow
North Carolina Division of Coastal Management
1638 Mail Service Center
Raleigh, NC 27699-1638
Phone: 919-733-2293 Ext. 252
Fax: 919-733-1495
Email: David.Fuss@ncmail.net

861

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

THE SURFER'S CODE
Neil S. Lazarow, Graduate School of the Environment, Macquarie University

Abstract
This poster acknowledges the popularity of surfing and recognises that
surfers are major users of coastal resources. The poster has two key
messages. Firstly, the poster promotes and encourages support for
surfing's unofficial ‘code of ethics’ or rules. In order to gain support for
this non-regulatory and community based initiative, the poster was
developed in conjunction with local councils, user groups such as lifesaving and board-riding clubs, local surfers and a number of
community groups. As there are no official rules sanctioning user
numbers and behaviour in surfing, it was important to canvas as much
local support and sponsorship for the initiative as possible in order to
drive its success.
The second message portrays surfers as modern day 'custodians of the
coast'. Australia's 'beach' culture is epitomised by the image of surfing
and surf culture. By emphasising key messages and actions aimed at
improving water quality and respect for the coastal environment, the
poster: firstly, broadens the focus of coastal protection issues to that of
catchment management - a more holistic and integrated perspective;
and secondly, targets a particular coastal resource user group - surfers as a means of educating the broader community about coastal
protection.
The growing popularity of surfing has required the emphasis of
surfing's 'code of ethics' to new and existing resource users. As well as
this, as more and more people make use of our precious coastal
resource, there is a growing need to target user groups and educate
them about coastal protection actions.
Australia's coastal zone is a priceless natural resource, with a special place in the
lives of Australians. Comprising only 17 per cent of the land area of Australia
(as defined by administrative boundaries), it is home to 86% of Australia's
population. In the past 50 years, Sydney, Australia’s most populous coastal city
has witnessed significant increases in population and tourism growth, and
intensive residential development within the coastal zone. Trends indicate that
future population growth is likely to continue to be concentrated in coastal areas.
Today, Australia’s beach culture is well and truly established and our preference
for settling on the coast has as much to do with easy access to a sandy beach as
has to do with access to employment and resources. The coast is also the main
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focus of Australia's rapidly expanding tourism industry, providing an important
part of the industry's attraction and resource base for both domestic and
international visitors.
The Commonwealth Coastal Policy has identified coastal tourism as a major and
significant growth industry. The policy also recognises that growth requires
guidance, particularly with respect to environmental criteria, in other words,
ecologically sustainable tourism. Estimates from the Bureau of Tourism
Research show that combined international and domestic tourism to the State of
New South Wales in 1993/94 generated $15 billion in gross expenditure
(including domestic day trips) or approximately one-third of the Australian total.
The value of Australia's marine based industries was estimated in 1994 at around
$30 billion.
One of the characteristics of ecologically sustainable tourism is that it must
benefit local communities and the region socially and economically. This in turn
needs to reflect the carrying capacity of a particular natural resource in relation
to public usage and management. Neglecting the issues associated with any one
of these areas may threaten the sustainability of the resource in the long term.
One of the consequences of the growing affiliation for the coast has been the
growth in popularity of ocean based activities. Surfing is one such activity. The
sport of surfing has grown massively in popularity over the past few decades.
The surfing industry was estimated at $1 billion in 1996 in Australia. Every day
surfers are heading to the water in increased numbers. The result is that there are
growing number of surfers competing at a limited number of surf breaks. Of
particular concern are the city beaches of Sydney, where a sunny day can attract
100s surfers to any major city beach over the course of a day. The increasing
number of surfers competing for the same wave can often lead to confrontation
between local surfers, tourists (local or international) and beginners.
Most sports and activities, including surfing, have a set of rules or an unofficial
covenant that governs users. The sport of surfing has an unofficial ‘code of
ethics’. However, many newcomers to the sport are unaware of these rules and
their first induction to ‘surfing etiquette’ comes in the form of an abusive tirade
from an irate ‘local’ who has just had his or her 'ride' interrupted.
The Surfer’s Code Project
The project has four main aims:
1.
2.

the development, production and dissemination of the 'Surfer's Code Poster;
the development, production and dissemination of the 'Surfer's Code
Postcard (this includes getting the postcards translated into different
languages such as Japanese and Hebrew to target non-English speaking
surfers in our local area;
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3.
4.

the development, production and placement of signposted posters at
beaches within the project area; and
national/international distribution

In order to gain ‘political’ support for this initiative, the poster has been
developed in conjunction with local councils, Coastcare, life-saving clubs,
board-riding clubs and local surfers. Because there are no official rules, it was
seen as important to canvas as much local support for the initiative as possible in
order to drive its success.
The posters and postcards will be widely distributed through Local Government
education programs; the Surfrider Foundation network, including meetings and
stalls; schools, through the Surf Safe Schools Program and broader
environmental education programs; surf shops; surf-lifesaving clubs, board
riding clubs; learn-to-surf-surf schools; community groups; and local council
facilities and programs The postcards, which will be printed in a number of
different languages will be distributed to: all of the above; as well as cafes;
backpacker hostels; and hotels.
The Surfer’s Code Poster
In 1997, Rob Conneeley and Roscoe Kermode produced the ‘Tribal Law’ poster
in Western Australia. The ‘Tribal Law’ poster encourages ‘gentleman’s rules’
back into surfing. With Rob’s permission, the content of his poster has been
included in the Surfers Code poster which has a broader agenda.
The Surfer’s Code has two principle messages:
1.
2.

to encourage 'gentleman's rules' back in the surf zone through a multifaceted
education program, and
to encourage surfers to take up the role of modern day custodians of the
water and to look after this precious resource in every way possible.

Surfers are major users of coastal resources. The first message is to promote and
encourage support for surfing's unofficial ‘code of ethics’ or rules. In order to
gain support for this non-regulatory and community based initiative, the poster
has been developed in conjunction with local councils, user groups such as lifesaving and board-riding clubs, local surfers and a number of community groups.
As there are no official rules sanctioning user numbers and behaviour in surfing,
it was important to canvas as much local support and sponsorship for the
initiative as possible in order to drive its success.
The second message has an environmental basis. Surfers are portrayed as
modern day 'custodians of the coast'. Australia's 'beach' culture is epitomised by
the image of surfing and surf culture. By emphasising key messages and actions
aimed at improving water quality and respect for the coastal environment, the
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poster: firstly, broadens the focus of coastal protection issues to that of
catchment management - a more holistic and integrated perspective; and
secondly, targets a particular coastal resource user group - surfers - as a means
of educating the broader community about coastal protection. The poster
contains two blocks of information about coastal and catchment protection and
management. The information is divided into two sections – ‘At the Beach’ and
‘At Home’. Each block of information has a series of bullet point messages
aimed at making people more aware of their actions and how those actions can
affect the coast and water quality.
This project is unique in that it tackles the issue of environmental education specifically that of catchment and coastal management and conservation as well
as attempting to raise the level of awareness of a particular user group - surfers about a set of informal regulations that govern the use of a particular natural
resource - surf breaks. The primary aim of the project is that of environmental
awareness and education. As identified in the Natural Heritage Trust, the
National Coastal Policy, The NSW Coastal Policy and the Sydney Regional
Coastal Management Plan, the concept of stewardship - community education is
fundamental to the success of natural resource management in the longer term.
The growing popularity of surfing has required the emphasis of surfing's 'code
of ethics' to new and existing resource users. As well as this, as more and more
people make use of our precious coastal resource, there is a growing need to
target user groups and educate them about coastal protection actions.
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A LONG ISLAND SOUND SEDIMENT QUALITY INFORMATION
DATABASE AND GIS APPLICATION
Kevin P. O’Brien, Connecticut Department of Environmental Protection, Office
of Long Island Sound Programs

Waterways in Connecticut are subject to continuous deposition of
predominantly fine silts due to the geologic nature of southern New England.
Therefore dredging from tidal rivers and harbors throughout Connecticut and the
subsequent disposal of sediments is necessary on a continual basis. Such
activity is vital for the safe transport of various commercial products as well as
the continued viability of recreational boating on Long Island Sound.
For over twenty years, dredged sediments have been disposed of at four open
water disposal sites within the Sound in accordance with the Interim Plan for the
Disposal of Dredged Sediment in Long Island Sound. The disposal sites have
been carefully monitored by the U.S. Army Corps of Engineers (ACOE) and the
Environmental Protection Agency (EPA), and analyses indicate that open water
disposal in Long Island Sound is an environmentally sound and economically
viable method for dredged sediment management. Some stakeholders, however,
are currently challenging open water disposal practices on a project-by-project
basis. The opposition appears to result from a perceived lack of available
information regarding the ecological effects of contaminants in dredged
sediment upon water quality and biological communities.
To help address this issue, in November 1999 the Connecticut Department of
Environmental Protection (DEP), Office of Long Island Sound Programs
(OLISP) began an initiative to create a user-friendly Geographic Information
System (GIS) and an associated relational database. This Sediment Quality
Information Database (SQUID) will manage information (i.e., physical
characteristics, bulk chemistry, bioeffects of dredged sediments, current/historic
contaminant source data) and will assist all stakeholders by enhancing the
sediment disposal decision making process. For every harbor compiled data
pertaining to contaminants and their potential sources will be used to define and
justify specific sampling standards for each dredging project, ensuring that any
potential contaminants are included in testing, while reducing unnecessary
expenses. The bulk chemistry and any associated bioeffects data may also
reveal trends that could better relate sediment chemistry to bioeffects data for
Long Island Sound. This would allow the establishment of Long Island Soundspecific screening guidelines that could be used by decision-makers to identify
at an early stage those projects which would likely require bioeffects testing.
Presently sediment chemistry data is spread among various State and Federal
agencies and often exists in disparate analog formats. Therefore the initial phase
of SQUID development centered on the GIS component with the basic premise
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of visualizing and querying digital spatial and tabular data based on specific
criteria. By presenting a viable, functional utility that can make otherwise static
information more dynamic and useful, the goal is to raise interest among
stakeholders and assist in the subsequent data acquisition process. Initial
discussions provided the following project parameters:
Basic spatial sediment chemistry data, either in a table format
within the GIS, or in a separate database management system
(DBMS).
Geographic data describing the location, extent, and frequency of
dredging activities.
Historic and current sources of contaminants.
The means to easily query the data and display the results.
A users manual providing information and exercises.
A prototype project was built using ArcView 3.1, Environmental Systems
Research Institute’s (ESRI’s) desktop GIS software package. ArcView enjoys a
wide user base, can perform a variety of both simple and complex operations,
and most importantly, is readily customizable. Since it is likely the SQUID user
group will not include people proficient with ArcView in its standard, out-ofthe-box format, the ability to streamline the platform is essential. This permits a
project environment that is not only efficient, but also simple to comprehend and
use. Through Avenue, the object-oriented programming language ArcView is
built upon, many traditional functions were removed, and several new features
were added. These new items include: menus that quickly access and add
different types of project-specific data, various options that allow the user to
easily manipulate the display to zoom in or out of a particular area or change the
viewing parameters, and two specialized functions for querying data.
The prototype focused on Hew Haven Harbor, area that has been historically
active with both federal and private dredging operations, thus making it
relatively easy to procure sample data from OLISP and ACOE archives to create
the sediment chemistry data table. The initial version includes information
regarding sediment grain size, heavy metals, total organic carbon (TOC)
concentrations, polycyclic aromatic hydrocarbons (PAHs), pesticides, and
polychlorinated biphenyl (PCB) congeners. While the ultimate goal is to
eventually incorporate this into a separate DBMS, the data currently exists as an
individual spreadsheet that can be imported as a table into the GIS.
All spatial data for this project exists in the 1983 North American Datum,
Connecticut State Plane Coordinates, and is divided into two basic categories.
The first provides background and ancillary information for the project site and
includes aerial photographs, delineation of town boundaries, hydrography of the
harbor, regional tidal wetlands, possible contaminant sources, sewer treatment
plants, etc. This information was taken from DEP Environmental and
Geographic Information Center statewide data layers, and serves as a basemap
for the second category. This data centers specifically on dredging activities
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and was created specifically for this project by using OLISP dredging permit
files and ACOE records.
Within ArcView, the dredging data is subdivided into three distinct themes:
Dredging Points, Dredging Polygons, and Sample Sites. Dredging Points
indicate there is dredging activity at a given location. The placement of the
marker on the computer screen is in the vicinity of the dredging, but is
ultimately an arbitrary point. The theme is set to display in such a way that
these markers are visible at both small and large scales. Therefore, a user can
quickly locate dredging locations and get a general idea of their distribution
when looking at the entire harbor, or just a particular area. Individual activities
are displayed as Dredging Polygons, which can also be thought of as “dredging
footprints.” These provide a general idea of the physical boundaries where
sediments were removed. Where data is available, there will be a polygon for
every instance of dredging. If there are several Dredging Polygons for a single
Dredging Point, temporal analysis of the location is possible. The display
threshold of this theme is set so that these areas do not display when viewing the
entire harbor, but rather at larger scales. This reduces the potential amount of
graphic clutter on the screen. Finally, the Sediment Samples theme represents
the coordinates where sediment chemistry sampling has occurred in a given
dredging polygon. This theme only identifies the point where a sample was
taken; the analytical results are contained in the sediment chemistry data table.
Like the Dredging Polygons theme, the display threshold of this theme is set to
minimize graphic clutter on the screen at smaller scales.
There are inherent relationships between the three dredging themes and the
sediment chemistry data table. A dredging point has one or more dredging
polygons, any dredging polygon has a set of sediment samples, and the sediment
samples have some chemical data. Within the project, they appear as
independent entities. However, they were built in such a way to take advantage
of ArcView’s linking function. When two or more themes are linked, records
from one are associated with records from the others by using some common
information. Therefore, selecting a Dredging Point will also select those
Dredging Polygons linked to that particular point, as well as only those
Sediment Sample points contained within the selected polygons, and finally,
only those entries in the sediment chemistry table that relate to the selected
sample points.
Creating the links in this manner facilitates the use of two query functions
specially developed for the SQUID. Conceptually, each steps the user through a
series of procedures and choices that use the linked dredging data to select the
desired information. The SQUID will then adjust the display to center on the
geographic area defined by selected data and highlight the associated tabular
data. Since the ultimate goal is to understand the sediment chemistry of some
location, the major difference between the two lies in the spatial extent the
queries select from.
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The first function is based on using the dredging data for the entire harbor. In
this sense, it is a “global” search method. By clicking on the appropriate button,
the user is prompted to choose one of three search options: by location, by date,
or by chemical concentration. The location option provides a list of all dredging
activities throughout the harbor to select from. The date option gives a list of
dates when dredging was performed. The chemical concentration option allows
the user to select a contaminant field from the chemistry table, a concentration
level, and some logical operator such as “less than,” “greater than,” etc.
While it may be useful to look at the entire harbor region for sediment data,
there may be instances when the user is more interested in examining a smaller
or more specific area. For example:
A particular sub-region of the harbor.
Near something that may affect sediment quality (i.e., a sewer
outfall or chemical spill).
An area within or close to a potential natural resource.
In cases such as these, the second query function can accommodate this need for
greater flexibility. It operates exactly the same as the chemical concentration
option from the global selection query, but rather than being used to make an
initial selection from the entire harbor, this function will select from a set of
previously defined or “localized” dredging data. To create the set first needed to
apply this query type, there is a modified ArcView tool whereby the user can
graphically choose a set of points on the computer screen that identify the area
of interest. Once this is accomplished, clicking on the appropriate button will
begin this querying process.
To better facilitate dredging decision making, the Connecticut Department of
Environmental Protection, Office of Long Island Sound Programs has recently
begun an initiative to develop technology for characterizing sediment chemistry
in dredging activities within state waterways. It its present form, this exists as a
prototype ArcView based GIS project centered on a particular Connecticut
harbor. Using data from state and Federal sources, this project is geared towards
displaying spatial and tabular data and providing a customized suite of tools for
a novice ArcView user to easily access and analyze it. When fully functional,
this will assist in determining where areas of concern might exist and what types
of contaminants to expect for a given dredging activity. This will make site
sampling more efficient, help address potential bioeffects issues, and aid in
determining or justifying disposal methods and alternatives at an early stage.
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NATURE OF COASTAL AQUIFERS IN PARTS OF EAST COAST,
ANDHRA PRADESH, INDIA
Dr. K.L. Narahimha Rao, Head Dept of Geology, S.V. University, India
Dr. P. Babu Rao, Director, A.P. State Ground Water Department, India

Abstract
Coastal aquifers of Andhra Pradesh form a part of a discontinuous strip of
alluvium along the East Coast of India. These aquifers comprise ridge like
features generated by tidal action and the deltaic fluvial deposits. They show
many of the characteristic morphological features of stream and deltaic
sediments, like channel bars, levees, etc., Their maximum thickness is reported
to be around 400 metres. Deltaic sediments are derived from 3 major river
systems: Godavari, Krishna and Pennar and many smaller but, locally important
streams. They range widely in thickness, grain size distribution and by
implication in aquifer parameters and well yields which can be attributed to their
depositional environment. Seasonal variation in yields of shallow wells is
related to changes in the thickness of the zone of saturation. These aquifers are
sustained by average normal annual rainfall is more than 1000 mm with an
effective infiltration rate of 10 to 15%, and an average specific yield of around
10%. Use of groundwater continues to increase rapidly in these areas. This has
resulted in up-coning of Salt water fresh water interface, but as yet there is no
reversal in regional flow direction.
Aquifer chemistry shows evolution towards higher chlorides at the expense of
bicarbonates and sulfates after initial rise in calcium content. Revelle’s ratio
progressively decreases away from the coast. However, complexities in
chemical characteristics of the aquifers are introduced on four counts: 1. saline
water ingress in locally over-exploited areas, 2. cyclonic activity that transports
large quantities of sea water directly over land, 3. over-exploitation and 4.
industrial contamination. Further, deviations in expected trends are introduced
by geomorphic characteristics of the terrain, aquifer geometry, basement
characteristics, etc. Thus northern part of the coast being devoid of wide
alluvium is hardly effected by saline ingress. But, vast tracts of Aqua-culture
along alluvial coast in the southern part of the area has rapidly effected the
shallow unconfined aquifers. Protection measures are controlled abstraction
rates, proper designing of wells, artificial recharge and drainage, remedial
pumping, etc.
Introduction
The coastal area is known for wet cultivation mainly by surface water irrigation
with groundwater as supplementary source. In-creasing trend of pollutants in
this area is a major threat for drinking, domestic and irrigation purposes. In
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order to study and to delineate the contamination levels caused by these factors,
groundwater quality studies have been caused all along the coastal tract of
Andhra Pradesh.
Water samples are collected from observation wells
established by Ground Water Department and other private wells for different
seasons are subjected to chemical analyses. Geochemical methods are applied
in this study to find out both lateral and
vertical extension of the contamination.
Identification of fresh-saline water interface has been attempted by analyzing
water samples collected from different aquifers to study chlorine/bicarbonate
ratio (Ghyben-Herzberg relationship). The studies revealed that the salt water
contamination has moved inland at vulnerable places. Development of
groundwater resources has further disturbed the isostacy resulting interface
moving inland. The cyclonic storms repeated at intervals created havoc in the
coastal areas causing vast agriculture areas sand casted and submerged under sea
water resulted in major damage to groundwater aquifers.
Purpose and Scope
The development of groundwater resources in coastal area is a delicate issue,
and careful management is required if water quality degradation due to the
encroachment and seawater is to be avoided. In many cases, difficulties arise
when aquifers are pumped beyond their natural recharge rate and seawater is
drawn into the system to maintain the regional groundwater balance. (Howard,
1987). Problems can also occur when excessive pumping at individual wells
which lowers the potentiometric surface on a localized scale and causes
upcoming of the natural interface between fresh and saline water.
Coastal aquifers are also sensitive to sea level changes, such as postulated rises
due to global warming. The associated volumetric expansion of sea water and
melting of snow caps would increase the extent of sea water intrusion and
reduce the availability of fresh groundwater resources. In this respect areas with
low elevation are particularly vulnerable.
Many models have been developed to represent and study the problem of sea
water intrusion. They ranges from relatively simple analytical solutions to
complex numerical models.
Hydrogeological Framework
Nearly eighty percent of the shore area is occupied by river and coastal alluvium
and the remaining is underlain by Archaean group of rocks.
The geological succession of the rock formations along the coast in the State is
as follows:(Plate-I)
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AGE
Recent
Sub-Recent
Eocene
Upper Jurassic
Archaean

FORMATION
River and coastal alluvium
Laterites
Basalts
Gondwanas
Khondalite suit of rocks Charnockites
Granites and gneisses

Gondwanas: Isolated out crops comprising of sand stones occur near Prathipadu
in East Godavari district, Ranastala in Srikakulam district, Elamanchili area in
Vizaq district and Tenali in Guntur district. These sand stones are light coloured
clayey and fine to course grained and exhibit mottle appearance. Some horizons
are pebbly and Carbonaceous. The attitude of sandstone beds is variable with
easterly to NE-SW strike with dips ranging from 6&#61616; to 12&#61616; but
occasionally near 20&#61616; towards south.
Sub-recent deposits: Laterites occurs as thin layer over the weathered
Kondalites, granites and gneisses in and around Vizaq and Bhimili areas of
Vizaq District, Mandara and Uddanam in Srikakulam district, Kavali in Nellore
district and thickness of laterites capping vary from a few metres to 30 metres
tapped by shallow dugwells yielding capacities up to 50,000 lpd.
Recent deposits: These consists of river and coastal alluvium comprises of silts,
sand and gravel deposited by rivers during floods and is confined essentially
along the streams courses in the interior and to individual alluvial fans along the
sea coast at many places in Sompet and Ichapuram taluks. The river alluvium is
covered by a Veneer of sands along the coast. The widest patch of alluvium is
seen in the Krishna-Godavari delta region extending over 30 Kms.
The coastal and deltaic alluvium is mostly found along the entire coastal belt in
the shore areas as Vest plains extending even beyond 30 km; thickness ranging
between 50 to 500 m. as seen in Guntur, Krishna, West Godavari and East
Godavari districts. In Prakasam, Visakhapatnam and Srikakulam districts the
coastal alluvium is restricted to narrow belt along the shore mainly tapped by
means of filterpoints/shallow tubewells with yield ranging between 40,000 to
70,000 lph.
Dynamic satellite data for two seasons indicate that there is no change in
cropped area and hence, groundwater draft is more or less constant. But well
yields show significant changes across the area. Sinuous tracts of alluvium laid
down by rivers system exhibit well marked and predictable changes in the grain
size, sorting and thickness. Thus, at the concave bends the material is coarse, ill
sorted and not very thick. At convex bends the alluvium is finer well sorted and
thicker. These pockets could be located with IRS data and statistically
significant difference in discharge of wells is noted in these two pockets.
Although the wells located in concave bends tend to reach recharge boundary
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quite early in the pumping phase their average T is lower than the wells taken up
in convex bends Geomorphological features.
The geomorphological disposition of coastal areas of Andhra Pradesh was
prepared by visual interpretation of landsat imagery and IRS-IC imagery and the
various units are discussed below.
Emergent Coastal plain: Forming the inland boundary and running parallel to
the shore is the emergent coastal plain whose width varies from 5 to 40 Km. It
is characterized by a moderate fluvial activity and occurrence of lakes, tanks and
abandoned marshes etc. The material comprises of sandy, loamy and clays. At
places saline soil patches can be expected.
Deltas: Deltas of major rivers along the coast form an important land form.
These deltas are laid down by the rivers Krishna, Godavari and Pennar which
have several paleochannels which are important prolific groundwater
yielders.
Tidal flats: These are the depressions either at the back of beach sand ridges or
in between beach sand ridge complexes. They get submerged under marine
water. They represent two types 1)tidal mud flats and 2) tidal sand
flats both are saline in nature. Tidal mud flats are mostly submerged under
brackish water and comprise of unconsolidated fluviomatric and organic
material. Tidal sand flats are located at the inner peripheries of
mud flats or at the elevated areas within mud stretches. They get submerged
under brackish water periodically and are mostly sandy brackish stretches.
Beach and beach ridges: Along the above line there is an active beach (3) whose
width varies from place to place. It comprises of loose sand and single material.
The beach ridges are (i) complex of recent origin and comprises of ridges and
swales forming an alternate sequence of high and low ground. (ii) old beach
ridges and swale complex. The elevated ridges comprise of loose sand and silt
where as the low depressions called swales comprise clayee silt and mud. The
swales are not suitable for Groundwater development as they are mostly saline
due to submergence of tidal water.
Cyclones and Their Effects
On 8th November, 1996 severe cyclonic storm crossed the coast at East
Godavari District with gale speed of 200 to 250 Kms and caused havoc in
coastal areas of the district. These natural calamities are not new to Andhra
Pradesh.
Analysis of 16 cyclones occurs over a period of 317 years, one in the 17th
century, 4 in the 18th century ; 3 in 19th century and 8 in 20th century indicates
that there is an increase in their numbers during the 20th century. This is due to
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ecological imbalances created by unscientific development of resources,
deforestation, soil erosion, silting and development of mangroves in major and
minor irrigation tanks and its distributary drain, spreading of saline water over
the land surface during cyclone, high tides in lacustrian rivers resulting in
contaminating fresh water aquifers present in the coastal areas.
Salinity inflow in Estuaries: The tidal fluctuation is accompanied by a cyclic
diurnal change in water quality due to the mixing, in continuously varying
proportions, of original river water with sea water. In the lower reaches of
rivers, the water quality resembles that of sea water and at the farthest point
inland as that of primary river water. Within the tidal reach, the changes in
water quality depends on the composition of the original river water and sea
water. As the zone of mixing and diffusion migrates up and down the river, the
maximum contamination occurs during high tides and the minimum during low
tides. During the lean months when the river stage is at its lowest, the quality is
most adversely affected by tides, due to the predominance of sea water.
Zone of diffusion: The interface is, therefore a transitional zone and not one of
sharp contact. Groundwater extraction changes the dynamic balance between
the flow of fresh water and the interface so that the interface will move and
attain an equilibrium position governed by the quantity attracted and the balance
out flow of fresh water to the sea. Heavy pumping of groundwater through filter
points, in coastal areas, during lean months is
causing contamination.
Quality of water:
Chemical analysis forms the basis of interpretation of the quality of water in
relation to source, geology, climate and use. Water being an excellent solvent, it
is important to know the geochemistry of the dissolved solid constituents and
methods of reporting analytical data. The contamination of fresh water aquifer
due to sea water ingress is estimated by the study of chloride-bicarbonate ratio
and EC of water samples collected from wells for
1984 and 1994.
Based on the chemical analysis data, the chloride-bicarbonate ratio has been
demarcated and ratio contour generally runs parallel to sea coast with major
bends with the mainland south of Nellore, Ongole, Repalle, Eluru and Kakinada
and towards sea coast at the mouths of Pennar, Krishna and Godavari rivers.
Specific conductance contours of 1000 microsiemans/cm for the years 1984 and
1994 almost concur with that of Chloride- Bicarbonate ratio contours. At
southwest of Nellore, Ongole, Repalle, Kaikaluru areas contamination advances
inland due to over development of groundwater, cyclonic storms and man made
pollution through aquaculture ponds and industries. The remaining areas has no
significant change. These trends indicate effects of estuarine rivers and saline
water ingress into fresh water in the areas other than deltaic mouths. Surveys
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carried out by the department in the Krishna-Godavari delta indicated that 50%
of the area is identified as salt water zone. Large scale sea water intrusion has
taken place in the southern part of Chirala, Bapatla, Repalle and Tenali taluks of
Guntur district, Divi, Gudivada, Bandar, Kaikalur areas in Krishna District,
Bhimavaram, Narasapuram areas and southern part of Eluru and
Tadepalligudem in West Godavari District. The contamination may be
attributed to the repeated marine transgressions and incursions to which the area
has been subjected to in the past.
The analysis of water level data of 28 observation wells in the coastal alluvium
located close to the coast and topographic elevations less than 5 metres above
mean sea level indicate that the water levels are high and above mean sea levels
by about 0.20 to 3.00 m. except in 5 wells in East Godavari district (Karapa,
Katrenikona, Allavaram, Kotanandur, Sakhenelipalli) and two locations in
Krishna district (avanigadda, Nagayalanka). When the water level fails below
the mean sea level by a maximum of about 2.00 m. the high fresh water table
above mean sea level as per Ghyben-Herzberg's theory helps to keep the sea
water inter-face (below the operational depth of groundwater exploitation in the
area to) near vulnerable range to much below the operational depth of
exploitation. However even in parts of these areas the quality if found to be
contaminated by cyclones, tidal effects, poor drainage, waterlogging conditions
and agro based industries. The water levels below mean sea level disturbs the
interface and may bring in the sea water interface with in the operational depth
of groundwater exploitation in the area.
Groundwater Quality Near Aquaculture Ponds
To study effects of aqua culture ponds 120 observation wells were established to
monitor groundwater levels and quality of water periodically. Water samples
collected near ponds indicate high specific conductance values between 770 to
25000 microsiemans/cm. Out of 120 samples 85 samples show high specific
conductance values and 35 samples are in permissible limits. This clearly shows
the contamination of groundwater by aquaculture activity in the coastal areas of
Andhra Pradesh.
Conclusions and Recommendations
In the 633 shore area villages of the State the main source of drinking water is
by means of shallow wells as the deeper aquifers are saline due to ingress of salt
water. The river alluvium deposited by Krishna, Godavari and Pennar rivers
near the coast are more prolific groundwater aquifers.
Deltas, sub-deltas, sand bars, paleo river channels are potential groundwater
units, shallow dugwells feasible down to depth of 3 to 6 m.
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Exploration carried out by various organization indicates that fresh water is
limited to shallow depths near the Coast. Tubewells constructed away from the
coast did not suffer in quality and the yields are even up to 1 cusec in the delta
regions. The fresh water aquifers occurs down to 85 m. below which saline
water occurs.
As per Ghyben-Herzberg theory the sea water interface near coast is near
valunerable range to much below the operational depth of exploitation of
groundwater. However, contamination of fresh water aquifers is noticed in
certain parts of these zones due to cyclonic storms, tidal effects, agro based
industries, waterlogging conditions and poor drainage system.
Chemical quality of the water analyzed indicated that there is no major change
in the quality of water along the shore areas except in Kaikalur, Bandar and Divi
areas of Krishna district; Bapatla, Tenali and Repalle areas
of Guntur district; Bhimavaram, Tanuku and Tadepalligudem of West Godavari
district; where the quality of fresh water aquifers has deteriorated due to
cyclones, poor drainage system and waterlogging conditions. Due to over
pumping of groundwater and subsequent disturbance of equilibrium of fresh
water and salt water interface, fresh water aquifers in parts of Nellore and
Guntur districts are becoming saline.
The present development of groundwater along the shore areas is limited and is
mainly used for drinking as well as supplementary irrigation. The percentage of
development is more than 23 per cent in Pennar delta region of
Nellore district and it is less than 10% in the remaining districts.
Contamination has advanced towards inland between areas of Godavari, Krishna
and Pennar river and less advancement at mouths of river deltas due dilution of
salt water by river waters.
Further, contamination of fresh water shallow aquifers near aqua culture activity
is noticed along the coastal areas, is alarming and has to be regulated with
Legislation.
Preventive measures have to be initiated by adopting.
-Regularization of groundwater development in critical areas with
Legislation.
- establishment on scientific lines of piezometer network along the shore areas
and monitor water levels and quality periodically to study the effects and extent
of sea water intrusion inland and demarcate the fresh-salt water interface time to
time.
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-study the different methods of preventing salt water intrusion inland by
structural barriers and artificial recharge of groundwater already in vogue in the
coastal 005areas elsewhere in the country.
- study of the extent of ingress of tidal waves through the drains and rivers and
identify sites for construction of structural barriers to prevent sea-water ingress
inland.
- Carry out soil survey and existing cropping pattern studies to suggest salt
resistant cropping pattern.
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Abstract
The Red Sea area in front of Hurgada was influenced in recent years from
progressive increase in tourism. A research project was conducted during 1999
for illustrating the impact of tourism on the water and sediment characteristics in
this area, by comparing the present results with the pioneer ones obtained from
the same area and seasons during 1980 – 1981. The present study, a part of this
project, deals with seasonal variations of the hydrographic conditions. Similar to
earlier records, the lowest water temperatures were recorded in January and the
highest in July. However, the increase in present temperatures reflects variations
in climatic conditions and increase in siltation from touristic projects. Contrary
to earlier pH conditions, the present vertical pH values were mostly above 8.00
and each of the present seasonal and regional pH averages were almost similar.
They were higher than the corresponding earlier averages, reflecting touristic
impact. Contrary to earlier dissolved oxygen (DO) conditions, the present lowest
seasonal DO average was found in winter and the highest in spring. This and the
increase in present DO averages at the morhern stations reflect environmental
changes in recent years. Contrary to earlier seasonal salinity variations, the
present minimum and maximum averages were found in January and October.
The differences between present and earlier salinity averages suggest the effect
of domestic wastes from tourism and climatic changes on the study area.
Introduction
The Red Sea is considered as one of the least explored seas. This landlocked
semi-enclosed sea located in an arid zone, where evaporation is far in excess of
precipitation and run-off, has a unique ecosystem in the tropical region. The Red
Sea environment is threatened, due mainly to oil pollution, as well as the
increase in sewage and industrial wastes discharged into its coastal areas. One of
these areas is the area in front of Hurgada on the western side of the Red Sea
(Fig. 1). According to the available literatures, very few chemical measurements
were carried out on the Egyptian Red Sea waters.
Although the Red Sea at Hurgada has received intensive biological studies since
1932 (Beltagy, 1975), it still lacks the physico-chemical investigations. This
coastal water was selected before two decades for a chemical research program
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to determine the status of its hydrographic conditions and chemical
characteristics during 1980-1981 (before touristic developmental activities),
mainly for providing the essential basic oceanographic information to serve as a
reference for evaluation of possible future environmental variations from
different developmental projects. Because this coastal area was not subjected to
monitoring or chemical investigations since that pioneer study and until 1995 in
presence of intensive and successive impacts of tourism, a recent more or less
similar research project was conducted on the same area during 1999 to evaluate
the touristic impacts and to provide suggestions for better management of this
coastal area, due mainly to its importance on the national and international
levels, especially that it attracts tourism from all over the world. The impact of
tourism was evaluated by comparing the recent results with the pioneer ones
obtained from the same stations and in the same seasons but during 1980-1981.
The present study, a part of this project, deals with the seasonal and regional
variations of the hydrographic conditions.
Study Area
The study area, the coastal sea water in front of Hurgada, occupies the
northwestern part of the Egyptian coast of the Red Sea around Hurgada between
latitude 27 0 05’ N and 270 30’ N and longitude 330 37’ E and 340 0’E. This area
extends from Magawish in the south to Abou-Shar in the north and from
Hurgada shore to near Shadwan Island (Fig.1). The area of investigation is
situated near the southern end of the remarkable maze of reefs and islands,
which occupy the northwestern corner of the Red Sea. All forms of reefs are
mostly found in this area.
The climatic conditions in this region in the northwestern part of the Red Sea
favor a high rate of evaporation. The rainfall is very small. Water movements
are due to tides, winds and changes of density. The winds blow from the N.N.W.
and remain almost unchanged, except on a few days, all the year round.
Material And Methods
Four sections perpendicular to the coast were selected to cover the study area.
They are from south to north: A- Magawish; B-Fanadir; C-Marine Biological
Station and D-Abou-Shar. Each section included three stations (Fig.1). These
sections and stations were the same as those selected for the earlier study during
1980-1981. Similar to that earlier study, sampling was carried out seasonally in
January (winter), April (spring), July (summer) and October (autumn) 1999.
Most cruises were completed in two successive days, starting from the northern
part of the study area. Similar to the earlier study during 1980-81, vertical water
samples were collected using a Niskin bottle at different depths (surface, 5, 10,
15, 20 and 25m). Selection of the same earlier sections, stations, water depths
and seasons was necessary for better comparison between the present recent data
and the corresponding earlier ones during 1980-81.Water temperature, pH,
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dissolved oxygen and salinity were recorded at the time of sampling, using a
Hydrolab.
Results And Discussion
Temperature
Temperature is one of the most important environmental factors. There are many
records on the effect of temperature on tolerance, food consumption, growth,
survival, respiration, distribution of organisms and the rate of their oxygen
consumption (Hamzm, 1985), as well as on reproduction and aggregation of
fish.
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The absolute values of temperature fluctuated between a minimum of 21.610 C
at 25m depth of station XII in January and a maximum of 30.320 C at 5m depth
of station III in July. The corresponding earlier lowest and highest absolute
temperatures were 18.23 and 29.000 C recorded from the same seawater in front
of Hurgada in January 1981 and July 1980, respectively (Kandeel, 1982). Such
increase in seawater temperatures in recent years can be attributed mainly to
variations in climatic conditions following the global warming and the increase
in siltation from the successive increase in touristic projects. The very active and
continuous touristic constructions on the shores of the study area increased the
allochthonous minerogenic suspended particles in the coastal seawater column.
According to Saad & Antoine (1978), suspended particles absorb heat more
readily than does the water and thus increase the temperature of the turbid water.
The seasonal average values of water temperature for the water column ranged
from 22.47 ± 0.360 C in January to 29.74 ± 0.090 C in July. The regime of
increase in water temperature in July (summer) and its decrease in January
(winter) was observed by several workers (Saad & Antoine, 1978; Saad &
Kandeel, 1987 and Ahdy, 1999). These variations reflect the conditions of the
warm subtropical zone of the northern Red Sea.
The vertical distribution of the seasonal average values is shown in Fig. 2. In
January, the water temperature decreased slightly with depth, whereas in the
other seasons slight irregular vertical variations appeared. The surface water
temperatures are directly affected by solar radiation and changes in air
temperatures (Saad & Antoine, 1978; Soliman, 1995 and Ahdy, 1999).
Variations of the vertical seawater currents and the vertical amounts of
suspended particles might be also responsible for the vertical distribution of
water temperature.
The slight local variations of water temperature found at different sites in each
season are due mainly to the differences in the times of measurements (Saad &
Antoine, 1978; Behairy & Saad, 1984 and Saad & Kandeel, 1987).
A tendency of increasing temperature from north to south was generally
observed. This is in agreement with Saad & Kandeel (1987) on the same area
and also with Soliman (1995) on the Gulf of Suez north of the study area. This
author recorded temperatures varying from 16.0 - 28.00 C in the northern sector
of the Gulf of Suez, from 18.0 – 26.00C in the central sector of the Gulf and
from 20.0 – 28.0 0 C at the entrance of this Gulf and the head of the Red Sea.
Hydrogen Ion Concentration
Living organisms are very dependent on and sensitive to pH. The pH is one of
the important classical chemical parameters used to investigate the buffer
mechanism of the oceans. Accordingly, pH is a reflection of many biological
and chemical processes occurring in natural waters (Saad, 1978).
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The pH in the study area was always on the alkaline side, varying from an
absolute minimum of 7.57 at 5m depth of station VII in October to an absolute
maximum of 8.88 in the surface of station X in January, giving an annual mean

of 8.64±0.01. The pH ranges, being on alkaline side, were also found by Behairy
& Saad (1984) in the coastal Red Sea water in front of Jeddah.
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The seasonal average pH values for the water column fluctuated slightly
between 8.16 ± 0.02 in October and 8.83 ± 0.02 in July. Slight seasonal pH
variations in the study area were also observed during 1980 – 81 by Kandeel
(1982), varying from 8.08 in July to 8.37 in January, giving an annual mean of
8.24, which was relatively lower by 0.4 pH than the present recent annual mean.
Several earlier pH records were below 8.00 and only two pH records were below
8.00 in the present study. The increase in pH values in recent years reflects the
touristic impacts.
As shown in Fig. 2, the average values of pH decreased slightly with depth in
January, while increased slightly with depth in July and April and did not show
definite vertical variations in October. Photosynthetic activity in the surface
seawater participated in the slight increase in surface pH values. However,
decomposition of the descending organic remains accompanied by a decrease in
dissolved oxygen content in the bottom water participated in decreasing the
bottom pH values ( Hemeda, 1982).
As shown in Fig. 4, the regional average pH values for the seawater column
showed a slight decrease towards the shore line, confirming possible
modification of the near shore seawater characteristics from touristic activities.
Dissolved Oxygen (Do)
Dissolved oxygen is considered as an important parameter for the identification
of different water masses and in assessing the degree of aquatic pollution.
The absolute minimum value of DO was 4.25 mg/l at station V (depth 5m) in
July and the absolute maximum was 8.45 mg/l in the surface seawater at station
X in April, illustrating that DO has never been found depleted in the study area.
There was an observed increase in DO northward. Fig. 4 shows that the spatial
distribution of DO divided the study area into two regions; the southern region
(sections A and B) contained lower DO average values, ranging from 5.52 ±
0.25 to 5.78 ± 0.02 mg/l and the northern region (sections C and D) contained
higher DO average values varying from 6.27 ± 0.14 to 6.44 ± 0.31 mg/l. This
coincided mostly with man’s impact, which is more concentrated in the southern
region than in the northern one. Saad & Kandeel (1987) also observed an
increase in surface DO in the same area from south to north.
The DO concentrations gave irregular vertical variations (Fig. 2), due mainly to
the vertical mixing processes and the tidal effects in the study area (Saad &
Kandeel, 1987). Also, the decrease in DO toward the bottom resulted mainly
from decomposition processes (El – Wakeel & Wahby, 1970).
The seasonal average values of DO for the water column ranged from 5.16 ±
0.04 mg/l in January to 6.63 ± 0.19 mg/l in April, with an annual mean of 5.94 ±
0.10 mg/l, which was slightly higher than that of 5.81 mg/l found in the same
area during 1980 – 81 (Kandeel,1982). Such seasonal DO distribution was
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different from that found during 1980 – 81 by Kandeel (1982), who attributed
the maximum seasonal average DO in January to the decrease in temperature
and the increase in vertical mixing processes in winter. This author related the
minimum seasonal average DO in July to elevation of temperature in summer
and consequently to the increase in the rate of DO consumption from organic
matter decomposition. Accordingly, the present abnormal seasonal distribution
of DO coincided mainly with the anthropogenic activities and the effects of
climatic changes in the area.
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Salinity
The Red Sea is considered as the most saline body of water in the world oceans
(Morcos, 1970). Similar to the Arab Gulf, the high salinity values in the Red Sea
result from the extremely limited supply of fresh water run-off (Dubach, 1964).
The present absolute salinity values ranged from 39.79‰ at station VIII (5m
depth) in January to 41.61‰ at station XII (25m depth) in July, giving an annual
mean of 40.66 ± 0.03‰. The corresponding salinity range found during 1980 –
81 by Kandeel (1982) was from 39.06 – 41.23‰, with an annual mean of
40.41‰. The increase in salinity in recent years reflects the global warming
effects.
As shown in Fig. 4, there was an obvious increase in salinity values northward,
as confirmed from the regional averages of salinity for the water column,
varying from 40.38 ± 0.03‰ at station I in the south to 40.95 ± 0.05‰ at station
XII in the north. This is an agreement with Soliman (1995). This author found
salinities from 41.80 – 42.60‰ in the northern sector of the Gulf of Suez from
40.80 – 41.40‰ in its central sector and from 40.20 – 40.50‰ at the head of the
Red Sea. Soliman (1995) assumed that evaporation was the solely factor that
caused the increase in salinity, as the water flew northward into the Gulf
ignoring the influence of the Suez Canal; the salinity increased with a constant
rate in proportion to the rate of evaporation.
Similar to earlier vertical salinity distribution during 1980 – 81 (Kandeel, 1982),
the vertical profiles of the seasonal average salinity values showed a general
increase with depth (Fig. 2). This is a general characteristic of the Red Sea and
could be related to sinking of the denser more saline water, which was formed
near the surface by water evaporation. However, the irregular vertical salinity
distribution might reflect the vertical mixing processes and land effect (Saad &
Kandeel, 1987).
The seasonal average values of salinity for the water column varied from 39.93
± 0.03‰ in January to 41.21 ± 0.04‰ in October. This seasonal variation was
different from that found during 1980 – 81 by Kandeel (1982), giving a
minimum in October and a maximum in July. This might be also related to the
effect of climatic changes and man’s impact in the area in recent years.
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Introduction
The National Oceanic and Atmospheric Administration Coastal Services Center
develops tools to help coastal resource managers make informed decisions. One
of the programs within the Center identifies key management issues for
watersheds and examines how interrelationships among ecology, land use,
demographics, and socioeconomic trends affect those issues. Of interest to
many coastal managers are wetlands, specifically, how to protect the integrity of
a wetland ecosystem while managing for human use. Borrowing from the
constructs of a model developed by the North Carolina Division of Coastal
Management, the North Carolina Coastal Region Evaluation of Wetland
Significance (NC-CREWS) (Sutter et al. 1999), the Center has developed a
modeling approach to guide managers in decision making using a fundamental
understanding of the ecological significance of these systems on the landscape.
The Spatial Wetland Assessment for Management and Planning (SWAMP) uses
basic ecological principles to evaluate the significance of wetlands within a
watershed while allowing the decision maker to establish the rules for overall
rating. The SWAMP approach was developed within the Ashepoo-CombaheeEdisto (ACE) Basin, South Carolina for tidal and riverine wetlands.
Much of the ACE Basin is occupied by wetlands. These wetlands are of great
ecological importance, in part because they occupy so much of the area and are
significant components of virtually all coastal ecosystems, and in part because of
their relationships to coastal water quality, estuarine productivity, wildlife
habitat, and the overall character of the coastal area.
Historically, approximately 25 percent of the original wetlands of South
Carolina has been drained and converted to other land uses (Hefner et al. 1994).
Although agricultural conversion, the largest historical contributor to wetlands
loss, has largely stopped, wetlands continue to be lost as they are drained or
filled for development. Conflicts between economic development and wetlands
protection continue to be a major concern, with many coastal communities
considering wetlands protection to be a major barrier to needed economic
development. Since wetlands are such a dominant part of the coastal landscape
and are vitally important to many aspects of the area's ecology, their management and protection is a major concern.
SWAMP facilitates the basic analyses of these systems while allowing the user
the final opportunity to assign the relative importance of each parameter. This
approach can be transferred to other geographies, initiated with a workshop that
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brings together local experts to describe the system ecology and establish
parameters and thresholds.
Model Development
Since this model was designed for a large geographic application with a dense
population of wetlands, it was obvious that a method applicable to large land
areas without individual site visits was required. This ruled out the many sitespecific functional assessment methods that have been applied in other contexts.
Almost out of necessity, geographic information system (GIS)–based
approaches were investigated and employed, which meant the procedure would
have to use data available in GIS format and be subject to GIS analytical
techniques.
The primary objective of the SWAMP procedure is to produce information
about the relative ecological importance of wetlands that would be useful for
planning and the overall management of wetlands. It does this by predicting the
significant wetland functions that would be determined by a detailed, sitespecific method. The resulting information is useful in siting suitable
development, determining appropriate development or considering wetland
restoration. The result of the procedure is not a substitute for a site visit in
making regulatory decisions, but a predictor of what a site visit would
determine.
An underlying requirement of the procedure is that it be ecologically sound and
scientifically valid, based on the best information available about the functions
of wetlands. It must be based on fundamental principles of wetlands and
landscape ecology rather than on arbitrary or subjective decisions.
The procedure is watershed-based. This requirement was imposed primarily
because consideration of a wetland's role in its watershed is a sound basis for
determining its ecological significance. Watershed units of any size could be
used without changing the validity of the watershed-based considerations used
in the procedure. SWAMP, like NC-CREWS, suggests the user employ 14-digit
hydrologic units as described by the Natural Resources Conservation Service.
Unlike other models, SWAMP is designed with a user interface that allows the
user to question various combinations of the parameters and compare the results.
Another unusual feature of the model is that it allows the user to alter land uses
throughout the watershed, thus allowing simulations to be run for various
situations that may occur.
These initial considerations result in a summary definition of the functional
assessment procedure. SWAMP is a GIS-based, landscape-scale procedure for
predicting the relative ecological significance of wetlands throughout a region
using fundamental ecological principles to determine the functions of wetlands
within their watersheds.
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Data Analysis
This GIS-based approach can make information on wetland functional significance available for broad regions in advance of specific development plans. The
information is then available for planning so that impacts to the most
ecologically important wetlands can be avoided. In this sense, this procedure is
unique and unlike other functional assessment techniques that are designed to be
used in a regulatory context or that require field data for each wetland.
Since the procedure uses GIS analyses, it requires digital information in GIS
format. GIS data layers used in the procedure include the following:
(1) wetland boundaries and types
(2) land cover
(3) soils data
(4) hydrography
(5) watershed boundaries
The ways in which these data layers are used to determine values for various
parameters in the functional assessment procedure can be complex. The
procedure uses the Spatial Analyst extension of ArcView® and substantial
Avenue® programming. The decision interface employs Microsoft® Visual
Basic®. Since the assessment procedure was designed for GIS analysis, the
choice and expression of individual parameters have been shaped to a large
extent by the GIS data available and the capabilities and limitations of ArcView.
Hydrogeomorphic Classes
The hydrogeomorphic (HGM) classification system for wetlands (Brinson 1993)
classifies wetlands into categories based on landscape position (geomorphic
setting), water sources, and hydrodynamics (direction of water flow and strength
of water movement). It is being increasingly used as the basis for wetland
classification and functional assessment systems. HGM classification focuses
on the abiotic features of wetlands rather than on the species composition of
wetland vegetation on which most of the more traditional wetland classification
schemes are based.
Several features of the HGM classification system make it a useful starting point
for an assessment of wetland functions. Since the HGM system is based on geomorphic, physical, and chemical properties of wetlands, its result is to aggregate
wetlands with similar functions into classes. The HGM class of a wetland, in
itself, indicates much about the ecosystem functions of the wetland. The HGM
approach also forces consideration of factors external to the wetland site, such as
water source. This helps relate the wetland to the larger landscape of which it is
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a part and puts consideration of the wetland's functions into a landscape and
watershed context.
SWAMP consists of several modules, and each module is a distinct HGM class.
The HGM class of a wetland, as a broad functional indicator, determines which
module of the assessment procedure is used. To date, tidal estuarine and
freshwater riverine modules have been developed, with depressional and
headwater wetland modules forthcoming.
Wetland Types
In addition to HGM classes, wetland types identified by dominant vegetation
and landscape position are used at several points in the functional assessment.
This reflects a recognition that the biological properties of a wetland site
considered together with its hydrogeomorphic properties can provide a more
detailed indication of wetland function than either property taken alone.
The wetland types used are those typical of the ACE Basin. They result from
collapsing the Cowardin (1979) classes used on the digital National Wetland
Inventory into fewer types. These wetland attributes are used in the wetland
data that form the starting point for the functional assessment.
Wetland types are used in SWAMP as indicators of functional characteristics.
The correlation between wetland type and wetland functions was determined
from best professional judgment. Additional field verification should be
implemented to verify these assumptions.
Other Parameters
In addition to wetland type and HGM class, several other parameters are used as
indicators of the existence or level of specific wetland functions. These include
both site-specific parameters, such as wetland size and soil characteristics, and
landscape considerations, such as watershed position, water sources, land uses,
and landscape patterns. Values for these parameters are determined by GIS
analyses based on the data layers previously described.
Unlike assessment procedures that depend solely on information that can be
collected within a wetland, this procedure relies heavily on factors external to
the wetland site itself. Relationships between a wetland and the landscape
within which it exists are integral considerations in determining wetland
functional significance. Characteristics of the landscape surrounding a wetland
are often more important determinants of its functional significance than are the
characteristics of the wetland itself.
While the emphasis on a wetland's landscape context is a more ecologically
sound approach to functional assessment than site-specific methods, it requires a
great deal more information than could be collected within the wetland itself.
The procedure is based on GIS data and analysis not only to make it suitable for
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regional application, but because GIS provides the most practical way to analyze
the spatial relationships of landscape elements and their properties.
Structure of SWAMP
SWAMP uses a hierarchical structure in which individual parameters are rated
and successively combined until the wetland's functional significance is determined for each primary function. The objective of functional assessment is to
determine an individual wetland's ecological significance in its watershed. The
functional significance of a wetland is determined by the degree to which it
performs, or has the capacity to perform, specific functions.
Parameters are the basis for all evaluations and make up the levels in the
hierarchical structure that are actually measured based on fundamental
ecological considerations. An evaluation of specific parameters is performed to
derive significance ratings for wetland functions. In all cases, parameter values
are determined by GIS analysis based on the data layers described previously.
Some parameters, such as wetland type, are surrogates or indicators of other
wetland properties that actually determine the wetland's functional capacity.
The use of indicator parameters is necessitated by the limitations of GIS data
and techniques. Parameter values, in turn, are combined to produce ratings for
the various functions.
The broadest grouping of wetland functions includes water quality functions,
hydrology functions, and habitat functions. The highest hierarchical level, or
end result of applying the procedure, then, is the wetland's contribution to its
watershed's water quality, hydrology and habitat function. The decision rules
are left to the user to determine and allow parameters that vary in importance to
rank differently, depending on the context of the particular model run. Default
rules are provided and recommended, unless specific, regional knowledge
suggests an alternate evaluation.
Evaluation Procedure
The objective of SWAMP is to determine an individual wetland's functional
contribution to the watershed in which it exists. Functional significance is
divided into three broad classes rather than attempting to derive a specific
numerical "score." The three broad classes of ratings that SWAMP uses to
describe a wetland’s functional significance are exceptional (E) functional
significance, substantial (S) functional significance, and beneficial (B)
functional significance.
The approach of classifying wetlands into three broad functional significance
classes also is used, however, because it is justifiable with our current
understanding of wetland function. Attempting to assign a specific value along
a numeric continuum of functional significance potentially exaggerates the
accuracy with which current knowledge can realistically be applied. The three
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significance classes used in SWAMP provide the information necessary to meet
the procedure's objectives without going beyond the realm of reasonable
scientific validity. As scientific understanding increases, however, it is
reasonable to expect that specific numerical assignments can be integrated into
SWAMP.
As explained above, the basic evaluation is performed at the parameter level. A
value is assigned to each parameter as it relates to the performance of the
wetland function being considered. For example, if the soils underlying a
wetland have properties that are highly conducive to the function being considered, the soil characteristics parameter is rated E; if soil properties are less
conducive to performing the function, the parameter is rated S; and if soil
properties are not at all conducive to the function, the parameter is rated B. The
individual parameter rating is then combined with other parameters to give an E,
S, or B rating for each function.
The evaluation of individual parameters is based on fundamental ecological
principles about how wetlands and landscapes function. The process of
successively combining ratings up the structural hierarchy is the most complex
aspect of the SWAMP procedure. Since the ecological processes themselves
interact in complex ways, combining ratings is mu ch more complex than a
simple summation of individual ratings. Because managers wished the
opportunity to alter the arrangements for developing the final outcome, however,
an interface was developed to allow users to change the defaults and combine
the parameters to meet their needs. The user has the responsibility of creating
the priorities for the ratings (though defaults are provided).
SWAMP maintains all of the individual parameter ratings and combinations
within the ArcView project. Since the combining process can be complex, it
may not be obvious why a wetland receives an exceptional, substantial, or
beneficial rating for any function. The database component of the ArcView
project makes it possible to trace through the parameters and couplings that
result in a wetland's final rating.
This database also makes it possible to consider specific wetland functions
individually. For example, in a watershed targeted for nonpoint source pollution
reduction, it might be a management objective to give the highest level of
protection to wetlands most important in performing water quality. The
database makes it possible to examine each wetland for its significance in each
function.
Individual function ratings in the database can also be used to improve planning,
impact assessment, and mitigation for development projects that impact
wetlands. If alternative sites are available, such as alternative corridors for a
highway, the alternative with the least impact on the wetland function
considered most important in the watershed can be identified. Rather than
simply minimizing the number of acres of wetlands impacted, the objective
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would be to minimize impacts to the most important wetland functions.
Environmental assessment of wetland impacts can identify specific functions
that would be lost. Mitigation can be improved by giving priority to sites with
the highest potential for performing the same functions.
Opportunity and Capacity
For a wetland to actually perform a given function, it must have both the
opportunity and the capacity for that function. Considering nonpoint source
pollution, for example, there must be a source of potentially polluted runoff
entering the wetland to provide an opportunity, and the wetland must have the
internal capacity to hold the runoff and remove the pollutants before releasing
the water. Opportunity to perform a function is usually determined by factors
external to the wetland, while capacity to perform the function is determined by
properties of the wetland itself along with its landscape position.
Since SWAMP is a landscape-scale procedure that evaluates the functions a
wetland performs in relation to its surroundings, opportunity parameters are
included where appropriate. A functional assessment that is too heavily
dependent on opportunity parameters, however, is static and will rapidly become
invalid as land use changes. A wetland that is bordered by natural forest today
can be bordered by a young pine plantation or a subdivision under construction
by next year. The fact that a wetland does not have the opportunity to perform
certain functions today does not mean that it will not have the opportunity in the
future. If an assessment of wetland significance is to remain valid over time in a
landscape subject to change, opportunity parameters alone cannot be determinative.
These conventions hold throughout the SWAMP evaluation procedure. A
present high opportunity to perform a function can result in an evaluation of
essential significance for the function, but high capacity can also result in an
essential evaluation even if present opportunity is lacking. Lack of present
opportunity alone should never result in a lower level of significance for a
function. Opportunity is treated essentially as a "bonus" consideration that can
result in a higher evaluation for a wetland than its capacity alone would indicate
but that will never result in a lower evaluation because of its absence. The user
has the choice of whether to include the “bonus” in the evaluation.
Application of SWAMP is a hierarchical process in which individual parameters
are first evaluated and then successively combined to produce ratings for
functions. The processes of evaluating parameters and then combining them are
two separate steps. Each step of parameter evaluation and combination is based
on ecological principles and/or assumptions based on best professional
judgment.

894

Future Directions
To remain current with technological advances, further improvements to
SWAMP will be programmed in Visual Basic rather than Avenue. This
transition will occur as the base code to access ArcView commands becomes
available. At that time, the Center will consider creating the headwater and
depressional modules.
The Center also is exploring the use of a SWAMP-like approach to address
particular management issues, such as restoration. Using the functions
identified, staff will develop appropriate parameters to help partners choose
restoration sites that have the greatest significance within the landscape.
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Introduction
A rapid increase in urbanization and commercial development of coastal areas
has occurred worldwide over the last two centuries. Industrial, agricultural and
technological activities have triggered changes in natural ecosystems at
considerably accelerated rates. The industrial revolution, growth in human
population and the onset of modern agricultural development have all resulted in
increased nutrient loading of rivers and lakes, and the alteration of natural
freshwater supply drainage basins. Rivers have become the conduits for
anthropogenic byproducts that reach the coastal ecosystems affecting water
quality and amplifying eutrophication on the continental shelves. As a result,
decreasing oxygen levels in the water column have impacted marine fauna and
flora. Most cases of eutrophication are related to massive nutrient flux from
rivers and anthropogenic addition of nitrogen and phosphorous to the watershed.
In order to assess these environmental impacts, it has become important to focus
our studies on organisms that are sensitive to, but also have a high tolerance for,
changes in water quality. In this context, ostracods are particularly valuable
because they are abundant worldwide in aquatic environments and have specific
ecological requirements. In addition, they are very sensitive to oxygen depletion
(Alvarez Zarikian, 1998) and have well-defined salinity tolerances (Neale,
1988). Ostracods are microscopic crustaceans that secrete a low-Mg calcite shell
and are commonly preserved as fossils. As they grow, they molt their bivalve
carapace to form a new one rapidly in a few hours to a couple of days.
Laboratory experiments have shown that shell chemistry is controlled by the
chemistry and temperature of the water from which shells are formed (Chivas et
al., 1986), thus providing a snapshot of the chemical conditions of the water in
which they lived. However, to properly interpret the geochemical record
preserved in the ostracod shell, the life history of the species under investigation
must be understood (Xia et al., 1997).
Demonstrated here is the usefulness of ostracods as indicators of natural and
anthropogenic factors that affect coastal ecosystems in two highly impacted
coastal areas. These factors are (1) seasonal chronic hypoxia in the Louisiana
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inner-continental shelf and (2) increased salinity variability in the lower
Everglades National Park in south Florida.
The Louisiana inner-continental shelf
In the northern Gulf of Mexico, discharge of anthropogenically-increased
nutrient loading in the Mississippi and Atchafalaya Rivers has significantly
influenced the productivity and trophic dynamics of the coastal ecosystem on
the Louisiana and Texas continental shelves (Lohrenz et al, 1990). Declining
water quality and the existence of an extensive area (up to 9800 km2) of seasonal
chronic hypoxia (dissolved O2 <2 mg/L) have been reported, indicating a
linkage between river and continental shelf water quality (Rabalais et al., 1998).
The lowest O2 values are found during the summer months when they often
reach the anaerobic level. Hypoxia affects the bottom 10-20 m of the water
column, down to a shelf depth of 60 meters. The dynamics of this hypoxia is
also linked to large-scale circulation patterns, and strong and persistent density
stratification due to wind-mixing events from local winds, tropical storm activity
and winter storms (Rabalais et al, 1998). Studies by Rabalais et al. (1994) show
that the spatial distribution of hypoxia in the northern Gulf of Mexico ranges
from frequent (8 out of 9 years) to not documented (0 out of 9 years) (see Figure
1). The phenomenon of hypoxia in the northern Gulf of Mexico has been
considered by many scientists as "one of the country’s biggest ecological
problems” since as early as 1966 (Science, 1966, 274:331). The deleterious
effect of this seasonal chronic bottom-water hypoxia on the distribution and
abundance of benthic macro- and microorganisms has been documented by
several authors (e.g., Rabalais and Harper (1992), Blackwelder et al. (1996), Sen
Gupta et al. (1996) and Alvarez Zarikian (1998)).
We have investigated the spatial and stratigraphic distribution of ostracod
assemblages in Louisiana inner-continental shelf surface sediments and from a
50cm-long sediment core recovered within the zone of severe oxygen depletion.
The study area corresponds to that of the NOAA’s Nutrient Enhanced Coastal
Ocean Productivity (NECOP) Program (Figure 1). Surface samples were
collected to the west of the Mississippi River Birdfoot delta from a 40-station
surface sample grid in April 1992. The sampling locations varied from those
with a strong Mississippi River influence to those less impacted by river flow.
Sediment accumulation rates range from 0.02 cm/year in the southwesternmost
region up to 5.0 cm/year in the Mississippi River plume. The sediment core was
collected in 29m of water depth and within the hypoxic zone. Sediment Xradiography was used to verify the absence of sedimentary structures indicating
disruptive processes, such as bioturbation and mass sediment movement, and
210
Pb-dating techniques were used to establish the geochronology (Nelsen et al.,
1994).

897

Figure 1: NOAA’s NECOP study
area in the Louisiana innercontinental shelf: West of the
Mississippi River Birdfoot delta, a
40-station surface sample grid
collected in April 1992 using a
Shipek grab sampler. Also showing
the sediment box-core (BC-10)
location near surface station 2G.

Hypoxia Frequency

(Top) The frequency of seasonal
severe oxygen depletion in number
of occurrences since 1985 until
1994 within the NOAA-NECOP
Study Area: Seasonal hypoxia
(<2ml/L O2) frequency: in number
of years out of nine years. Frequent,
8 out of 9 years; not documented, 0
out of 9 (data from Rabalais et al.,
1994). Areas to the northwest are
the most impacted by chronic
hypoxia.

Loxoconcha Distribution

(Bottom) Relative abundance of Loxoconcha cf. L. matagordensis and L. moralesi (The
Loxoconcha Assemblage) as percentage of the total ostracod community. The highest
relative percentage of these species are found within the hypoxic zone.

Ostracods were isolated and identified, and evaluation of the spatial distribution
and characteristics of the ostracod populations allowed us to divide them into
distinct faunal assemblages. The indicator assemblage of the zone of seasonal
chronic hypoxia was dominated by the ostracod species Loxoconcha cf. L.
matagordensis (>40%), L. moralesi (>30%) and the less frequent Paracytheroma
texana. Loxoconcha cf. L. matagordensis occurs commonly within the Louisiana
inner-continental shelf but it exhibits an exceptional tolerance to low oxygen
levels and is found as a monospecific population in those stations with the most
severe hypoxic conditions. High nutrient/low oxygen environments near river
deltas are commonly sites of opportunistic behavior in the benthic microfauna,
but a survivor-type response is more likely the case for the Loxoconcha
assemblage, as the total abundance of the ostracod species does not increase, but
its relative abundance does. Hypoxia tolerance is also known in other members
of the genus Loxoconcha elsewhere. Bodergat et al. (1998) observed
monospecific populations of Loxoconcha turbida inhabiting polluted and
hypoxic waters in the Lagoon of Nador in NE Morroco. This tolerance to low
oxygen permits exploitation of the increased nutrient supply found in hypoxic
environments (P. Carbonel, Univ. Bordeaux, pers. comm.). Additionally, P.
texana seems to be tolerant to a high accumulation rate setting and an increased
organic carbon supply.
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Figure 2: (Left) Temporal distribution of Loxoconcha cf. L. matagordensis within the hypoxic
zone, expressed as relative abundance (%), from about the turn of the century to core recovery in
1992. (Right) Amounts of fertilizer application in the United States during the 1900s (Fertilizer
Tons x 106) (data from the National Fertilizer and Environmental Research Center).

Recognition of low-oxygen-tolerant species in the surface sediment samples
facilitated interpretation of the core-derived populations to reconstruct the timehistory of hypoxia and population dynamics over the last century. Relative
abundances of Loxoconcha cf. L. matagordensis and P. texana increase upcore,
especially Loxoconcha c.f. L. matagordensis, whose relative abundance
exceeded 70% of the total population at the time of core recovery in 1993
(Figure 2). Since no routinely measured record of bottom-water hypoxia exists
before 1985 (Rabalais et al., 1994), the record of fertilizer application in the
United States was plotted to compare to the sample intervals in the sediment
core (data from the National Fertilizer and Environmental Research Center). As
can be seen in Figure 2, the application of fertilizer in the U.S. increased
conspicuously from the mid-1940’s to about 1970, and then leveled off at high
values that persist to the present. The timing of these intervals corresponds to the
inflection points in the ostracod abundance curve. It is assumed that this longterm record has a causal relationship with hypoxia because the input of mineral
nutrients (primarily in the form of N and P) influences eutrophication in coastal
ecosystems. The immediate effect of eutrophication in most systems is an
increase in the plant (phytoplankton and/or macrophyte) biomass with
subsequent flux of carbon (via sedimentation, mortality and dilution) from
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surface waters to the lower water column and seabed. The microbial processes
associated with the decay of this organic material consume oxygen, causing a
decline in the oxygen concentration in the surrounding waters. Other
independent biological and mineralogical data from BC-10 support the
hypothesis that hypoxia began in the 1940’s at this site. A dramatic increase in
glauconite abundance (Hood, pers. comm.) and a decrease in benthic foraminifer
abundance and diversity (Blackwelder et al., 1996) occurred during this same
time interval.
The Lower Everglades National Park, Florida: Oyster Bay
Numerous hydrological modifications have impacted the Everglades natural
ecosystem during the 20th century. Among these are the fragmentation of the
wetlands due to construction of a massive network of canals and levees for
water supply and flood control; and the loss of extensive wetland area to
agriculture and residential development (Davis and Ogden, 1994). Prior to
human impact, natural forces and seasonal climatic variability were the main
factors
controlling
hydrological conditions in
the
area.
Increased
salinity
and
nutrient
concentration in Florida
Bay (Mc Ivor et al., 1994;
Rudnick et al., 1999), as
well as algal blooms and
major seagrass die-offs
(Robblee et al., 1991),
have created growing
concerns as to whether the
origin of these changes
are anthropogenic or are
part of a natural cycle of
climatic variability.

Figure 3: Detailed map of the lower Everglades National
Park, showing Florida Bay, Whitewater and Oyster Bays
with the core site location indicated by the arrow.

Over the past few years, scientists have successfully used ostracod communities
contained in undisturbed sediment records as proxy records of environmental
conditions in Florida Bay and its environs (Alvarez Zarikian et al., 1999 and
Dwyer and Cronin, 1999). Ostracod populations and stable isotopic data
obtained from a high-deposition rate sediment-core collected in Oyster Bay
(Figure 3) are presented here. These data have allowed interpretation of yearly
to decadal changes in hydrological conditions from this area within the
Everglades National Park. Because of its location, adjacent to Shark River and
the Gulf of Mexico, the Oyster Bay core locality experiences extreme salinity
fluctuations due to the interaction of freshwater run-off, precipitation and marine
water inputs.
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Ostracod population dynamics in Oyster Bay over the last century included
significant decreases in abundance and diversity, and shifts in species
dominance. These responses represent episodes of environmental stress due to
natural and/or anthropogenic forces. Distinctive characteristics of the ostracod
assemblages from the core locality facilitated the division of the 100-year
ostracod record into three zones (Figure 4). The first zone extends from the turn
of the century to about 1950; the second, from the early 1950s to the late 1970s;
and the third to core recovery in 1995. Before 1950, the significant declines in
ostracod community structure are temporally coincident with severe tropical
storms or hurricanes. Hurricanes are capable of causing immediate or long-term
environmental changes due to massive erosive and destructive power in coastal
areas, and storm-induced bi-directional sediment transport (Wanless et al.,
1994). However, reasonably rapid populations recoveries from these events
indicate a relatively resilient community.
The second zone, between the late 1950s and late 1970s, exhibited the richest
ostracod fauna and the highest diversity. Community fluctuations during this
time were more systematic and temporally correlated to South Florida Water
Management District (SFWMD) policies. It is characterized by a "bloom" period
only disrupted by a brief hiatus in the ostracod assemblage continuity at about
1960, coincident with Hurricane Donna. The third zone extends from about
1979 until core recovery in 1995. It is highlighted by the survivor-mode
dominance exhibited by Peratocytheridea setipunctata, one of the two most
common species in the core locality, and known to be tolerant to extreme
salinity fluctuations (<5 to 42) (D. Keyser, pers. comm.). The timing of the onset
of this zone is marked by the end of the SFWMD’s Monthly Minimum Water
Delivery Plan, which was replaced by a regulated flow plan believed to be more
Ph
Ph
Ph
I
natural, known as the Rainfall
Plan. Extracting information
Ostracods per gram
SWDI
embedded in the ostracod record
to assess the effects of water
management practices may not be
possible in this case; as the mid1980s drought occurred before the
end of the Monthly Minimum
Water Delivery Plan causing a
decoupling between rainfall and
water flow.
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Figure 4: Ostracod diversity (Shannon-Weiner
diversity index; left axis) and abundance
Stable isotopic composition (δ
(valves/g; right axis) recorded in the Oyster Bay
13
18
C and δ O) of ostracods shells
core. Geochronology based on 210Pb dating
can
further
support
the
techniques [cm (year)].
interpretation of community
variability and paleoenvironmental reconstruc-tion. The ostracod Peratocytheridea setipunctata was chosen for isotopic analysis due to its common
occurrence in the core record. It is important to understand the environmental
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factors that control δ18O and δ13C incorporation in ostracod valves. These are
primarily water chemistry, and, in the case of δ18O, temperature, rainfall and
evaporation. The δ18O of the water changes in response to evaporation;
increased evaporation preferentially removes 16O and leaves the water behind
enriched in 18O. As evaporation proceeds, the δ18O value of the water becomes
more positive. This chemical balance is recorded in the ostracod as they molt
and calcify their new shells. However, differences in the physiology and
microhabitats of organisms give rise to the so-called vital effects (von
Grafenstein et al., 1999). This means that different species inhabiting the same
environment have similar responses to environmental factors, but are offset from
one another. Therefore, the stable isotopic composition (δ18O and δ13C) of
calcareous organisms principally responds to three factors: water chemistry,
temperature, and physiology.

Exceptions to the positive correlation in
the ostracod data occur in the 1970s and
between the 1930s and 1940s. The first
instance is significant because it occurs
immediately prior to a substantial shift
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In Oyster Bay (Figure 5), strong negative deviations to lighter values of δ18O of
Peratocytheridea setipunctata that take place prior to 1925 ±4 correlate to highrainfall years, and indicate relatively fresher conditions or rather constant
brackish water conditions in a typical estuary. In contrast, strong positive
deviations or heavier δ18O values that occurred in P. setipunctata during the mid1980s are concurrent with a major regional drought in south Florida, as well as
with algal blooms and a major die-off of sea grasses (Robblee et al., 1991 and
Swart et al., 1999).

Figure
5:
Stable
isotopic
composition (δ18O and δ13C) of the
ostracod species Peratocytheridea
setipunctata in the Oyster Bay
core.

towards more positive oxygen and carbon isotopic compositions. At this time,
flow in the Shark River Slough and the rainfall record at Homestead and
Flamingo meteorological stations are decoupled (Nelsen et al. in press),
suggesting a major modification in water flow prior to this time period. The
second period with a negative correlation between δ13C and δ18O (1930s and
1940s) is more difficult to understand because of an absence of hydrological
data and the lower abundance of ostracods.
Conclusions
Two sediment core studies have demonstrated the value of ostracods as
indicator-organisms of environmental impact in coastal marine ecosystems. The
first showed effects of hypoxia on benthic ostracod populations in the Louisiana
inner-continental shelf, and the second studied increased salinity variability on
ostracod populations in the south Florida the lower Everglades National Park.
In the northern Gulf of Mexico, it was demonstrated that study spatial and
temporal distribution of ostracod assemblages can provide a historic record of
the onset of hypoxia in the area since the beginning of the 20th century.
Temporal correlation in fluctuations in ostracod population characteristics at the
sediment core site with nutrient loading of the Mississippi River was observed
and is likely a consequence of the application of artificial fertilizer in the U.S.
Deterioration of the water quality in the northern Gulf of Mexico appears to be
coupled with the increase in anthropogenic activity along the Mississippi River
drainage basin since the mid-1940s. The low-oxygen tolerance of Loxoconcha
was observed, and its environmental adaptation as survivor-type ostracod
species confirmed. Its tolerance of low-oxygen conditions permits its
exploitation of the increased nutrient supply found in hypoxic environments.
In Oyster Bay, temporal trends in ostracod populations were used to evaluate the
effects of increased salinity variability as a consequence of rainfall, fresh water
management and hurricanes. Hurricanes and their effects are the major cause for
immediate modifications within ostracod populations; however, these
populations are capable of a fairly rapid recovery. Rainfall is the dominant
driving force behind long-term variability in ostracod assemblages.
Nevertheless, the Oyster Bay core showed a dramatic decline in ostracod
diversity and abundance at about 1980. The timing of this event is temporally
correlated to the onset of the SFWMD "Rainfall Plan" and the closing of the
Buttonwood canal. Strong positive deviations in δ13C and δ18O of
Peratocytheridea setipunctata in the mid-1980s were concurrent with a
documented major regional drought in south Florida, as well as with algal
blooms and a major die-off of sea grasses in Florida Bay. Relationships between
ostracod populations characteristics and environmental stresses have been
documented. This enhances the value of ostracod data in providing useful
analogs for recognition of conditions related to paleoclimate change in the fossil
record.
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PISCO: A LONG-TERM ECOLOGICAL CONSORTIUM STUDYING
THE INFLUENCE OF NEARSHORE OCEANOGRAPHY ON COASTAL
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Carl Schoch, PISCO
Introduction
Nearshore marine ecosystems are the focus of myriad conservation efforts, yet
we lack the basic knowledge necessary for effective management and protection
of these areas. First, ocean waters are variable over multiple scales of space and
time. In particular, the dynamics of coastal waters are one of the least
understood areas of physical oceanography. Second, seawater carries plankton,
including larvae of marine organisms, and nutrients. These essentials flow into
a community at many ecological levels. Recruitment, growth, and survival of
many organisms in a coastal marine community are intimately tied to the
characteristics of the water bathing the site. Thus, communities, even those that
are a short distance apart, can have fundamentally different structures. Third,
because the young of most marine organisms are water-borne for extensive
periods of time, the connections between distant communities are potentially
great. As such, local production may not correspond to local recruitment.
PISCO Overview
In January 1999, the David and Lucile Packard Foundation awarded a grant to
Oregon State University to fund the Partnership for Interdisciplinary Studies of
Coastal Oceans: A Long-Term Ecological Consortium. PISCO was created to
overcome two major impediments to conserving marine ecosystems: a lack of
understanding of the basic processes governing the essential features of coastal
systems, and ineffective transfer of new scientific knowledge to the public and
to policy makers. PISCO is predicated on the idea that research, education and
policy should be intimately linked. Our objectives are:
1) To understand the processes and mechanisms underlying the dynamics of
coastal ecosystems along the U.S West Coast;
2) To incorporate sound science into effective management and conservation
measures by communicating with the public and policy makers; and
3) To initiate a novel program in interdisciplinary training and research.
PISCO is a consortium of scientists at four universities: Oregon State University
(OSU), the Universities of California at Santa Cruz (UCSC) and Santa Barbara
(UCSB), and Stanford University’s Hopkins Marine Station. Principal
investigators are Jane Lubchenco and Bruce Menge (OSU), Mark Carr and Peter
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Raimondi (UCSC), Mark Denny and George Somero (Stanford), and Steven
Gaines and Robert Warner (UCSB). OSU, UCSB and UCSC coordinate the
ship-based, shore-based and remotely sensed ecological monitoring and
experimental research, and provide leadership in policy and outreach. Stanford
coordinates the Consortium’s graduate and post-graduate training efforts and
develops new, advanced workshops in relevant, interdisciplinary scientific
techniques. The initial funding period for PISCO is 5 years, but we hope to
continue the research for a total of 20 years. This timeline provides a real
opportunity to affect significant, lasting changes at all levels, including scientific
understanding, education, policy, management, and outreach.
PISCO studies rocky shores and the adjacent waters 0–10 km from shore, along
the U.S. west coast (Fig. 1). These areas are some of the richest of all marine
habitats and the focus of myriad conservation efforts. The U.S. West Coast
encompasses several biogeographic boundaries such as Point Conception,
Monterey Bay, and Cape Blanco. At
these places, abrupt changes occur in
species
distributions,
community
composition, and biodiversity.
The
southward-flowing California Current
system dominates this region, and
exhibits potentially significant variation
from north to south at scales of hundreds
of kilometers and on temporal scales of
decades. Variation has been identified
in currents, upwelling, temperature, El
Niño events, climate, zooplankton
abundance and transport, and the
patterns of benthic biota. Yet, until
PISCO’s inception, synthesis of this
knowledge across habitat boundaries
and traditional scientific disciplines had
not occurred.
Figure 1. PISCO research area.
Research Questions
Our first research question asks, Do community patterns in nearshore benthic
communities depend on bottom-up oceanic processes? Strong evidence
suggests that variation in the patterns of coastal biota can depend on recruitment
and oceanic influences as phytoplankton productivity and nutrient concentration.
These factors vary significantly with currents, upwelling, and other physical
oceanographic processes, thus PISCO studies Nearshore Oceanography.
Our second research question asks, What are the spatial and temporal scales of
dispersal of marine larvae? One of the unique characteristics of marine
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populations relative to their terrestrial counterparts is that early life stages of
many marine species are planktonic and are moved by ocean currents for
periods of days to months. The potential scales of movement of offspring away
from the site of their parents are enormous. PISCO is working to increase
scientific understanding about Dispersal and Connectivity of Marine
Communities.
Our third research question asks, How do physical and biological processes
influence variation in community diversity and structure? Differences in biotic
communities stem from complex interactions of physical processes, which affect
larval distribution and settlement, and biological processes.
Biological
processes include ‘bottom-up’ effects on algal growth, delivery of food to filter
feeders, and larval recruitment, and the ‘top-down’ effects of predation and
grazing. PISCO research into Recruitment and Post-recruitment Processes
addresses this question.
Our fourth research question asks, What are the community patterns in rocky
habitats along the U.S. West Coast? Nearshore oceanography and the processes
and mechanisms that occur in intertidal and subtidal areas ultimately define
community structure. PISCO’s monitoring of Community Diversity and
Structure is targeted at this question.
Research Program
PISCO realizes that understanding the ecological dynamics of nearshore
ecosystems requires scientific inquiries across large areas. Thus, we study the
entire, contiguous U.S. coast, from Washington to southern California. PISCO
integrates the talents of researchers in a variety of fields -- ecology, population
dynamics, larval behavior, physiology, genetics, fluid dynamics, physical
oceanography, and modeling. We quantify patterns of distribution, abundance
and diversity of the biota in nearshore ecosystems, and determine how
ecological, evolutionary and oceanographic processes and mechanisms influence
these patterns. Principal investigators, post-doctoral fellows, graduate students,
technicians, and undergraduates comprise PISCO’s research teams.
Nearshore Oceanography – Our research begins in nearshore waters, with an
array of moorings.
The moorings provide information about local
oceanographic conditions, which carry larvae and affect nutrient supplies to
coastal communities. The moorings collect physical, chemical and biological
information, such as water temperature, current speed, salinity, and recruitment.
The moorings have a combination of recruitment and larval collectors,
fluorometers to measure chlorophyll-a, vector-averaging current meters, and/or
temperature recorders. The moorings, which have multiple sampling racks, are
deployed within 1 km of shore, at depths between 8 and 15 meters. Thus, the
moorings simultaneously provide such information as abundance of larvae and
recruits, temperature, and current speed and direction, all stratified by depth.
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During the summer of 2000, approximately 45 moorings are deployed from the
central Oregon coast south to the Channel Islands area.
PISCO deploys and services its moorings by boat, so access to a research vessel
is crucial to the moorings program. PISCO OSU, in cooperation with Oregon
State University’s Research Office and College of Oceanic and Atmospheric
Sciences (COAS), has funded a new boat for use by the OSU community. The
R/V ELAKHA is a 54-foot vessel that is specially designed for oceanographic
research and is capable of studying the nearshore ocean. The name elakha is
Chinook for “sea otter,” and honors the importance of Native American heritage
to Oregon’s history.
Additional sources of data supplement information from the nearshore
moorings. PISCO scientists collect water samples to measure chlorophyll and
nutrients available in nearshore waters. We also use Acoustic Doppler Current
Profilers, or ADCPs, to track current speed and direction across small areas.
PISCO collaborates with oceanographic colleagues to collect and analyze other
data. For example, coastal radar (CODAR) arrays complement PISCO’s ADCP
data by determining surface current patterns over large areas. At OSU, PISCO
cooperates with faculty in COAS to deploy “Mini Bat” devices. Mini Bats
quantify physical oceanographic patterns over the nearshore region and link the
physical oceanography of the nearshore to that of the better-known, offshore
California Current system. Finally, remote sensing by satellites supplies data
about large-scale patterns of currents, ocean temperature, upwelling, and
chlorophyll at the sea surface. The goal of PISCO’s mooring array is to provide
data that link nearshore oceanographic processes to the dynamics of coastal
communities.
Dispersal and Connectivity of Marine Communities – A very exciting aspect of
PISCO’s research regards dispersal and connectivity among marine intertidal
communities. One of the least understood, yet most fundamental processes that
determine population and community structure in coastal oceans is dispersal, or
the transport of larvae. PISCO uses microchemistry analysis and molecular
genetics to determine the sources and dispersal patterns of coastal marine larvae.
Analysis of elemental chemistry indicates different water masses where
organisms previously resided. The marine environment can be exceptionally
variable in terms of its physical, chemical, and biological properties. Larvae
distributed among water masses with distinctly different environmental
characteristics are likely to experience developmental differences during growth.
PISCO’s microchemistry analysis detects trace elements in the balance organ of
a fish’s ear, called the otolith. During growth, elements from the surrounding
seawater can become permanently incorporated into the otolith. Thus, these
elements reflect distinctly different characteristics of different areas of the
marine environment, and identify whether settling larvae are the offspring of
local parents or dispersed across the open ocean from a distant source. PISCO
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currently is mapping environmental signatures in two pilot locations, Monterey
Bay and the Channel Islands/Point Conception area, and identifying successive
larval environments from the site of release to the settlement site. We now are
focusing our microchemistry analyses on rockfish. Rockfish are prominent
species in subtidal area off the U.S. West Coast, are commercially valuable, and
have a substantial period of otolith growth before leaving their maternal
environment.
PISCO is beginning to complement the microchemistry studies with research
into the genetic structure of a the populations of several nearshore species, such
as rockfish, urchins, mussels, and kelp. PISCO expects that results from the
molecular genetics work will provide estimates of long-term average dispersal
distances for marine organisms and reveal patterns of genetic structure at
multiple geographic scales.
Recruitment and Post-recruitment Processes – PISCO’s subtidal and intertidal
research builds upon an impressive series of long-term studies conducted by
PISCO scientists in Oregon and California. One aspect of the research assesses
recruitment. PISCO measures recruitment variation to determine settlement
patterns, and investigate the effects of nearshore oceanography in patterns of
recruitment and community structure. PISCO intensively samples larvae,
recruits, and post-settlement individuals in both subtidal and intertidal
communities. Bio-collectors measure recruitment of such species as mussels,
barnacles, urchins, hermit crabs, and surfgrasses in intertidal and subtidal
communities. This research is conducted in coastal regions of particular
ecological significance: Pt. Conception and the Channel Islands, Monterey Bay,
Cape Blanco, and the central Oregon Coast.
Across our geographic study area, we quantify organisms’ condition and growth,
and the intensity of key species interactions (predation and grazing).
Physiological data provide a quantitative “snapshot” image of the current
condition of an organism. For example, we determine the instantaneous growth
potential of mussels by measuring RNA:DNA ratio of adductor tissue. We
quantify algal condition by measuring the ratio of carbon to nitrogen (C:N).
These methods help us to determine how an organism’s survival is influenced by
the surrounding environment at discrete points in time. Physiological studies
also help to determine the effects of diverse environmental factors, especially
abiotic factors such as temperature and desiccation, on the well-being of
organisms. For select species such as limpets, we measure the condition of
individuals inhabiting several locations across the intertidal gradient from the
low- to mid-zones. To measure exposure-related stress along this gradient,
PISCO uses heat-shock protein analysis. PISCO’s studies of heat shock protein
and the mechanism that drives its production is of tremendous value in
determining organisms’ tolerance ranges and their responses to alterations in
environmental factors.
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Differential growth rates are a potentially important source of variation in
nearshore populations. The growth of many invertebrates and fish depends on
bottom-up factors such as the concentration of particulate water-borne food such
as phytoplankton and zooplankton, while the growth of macrophytes depends on
the concentration of water-borne nutrients. As a result, patterns of growth
provide a direct link between nearshore oceanographic conditions and coastal
biota.
To examine this influence on growth rates, concentrations of
phytoplankton and nutrients are monitored in nearshore waters. Growth rates of
mussels and barnacles are determined either by transplanting marked individuals
to an experimental plot (mussels) or by allowing recruitment in a competitionfree environment (acorn barnacles). We are also using transplants to measure
growth rates of feather boa kelp, rockweed, sea palm, and red algae. PISCO
research is beginning to uncover links between nearshore water and growth rates
of macroinvertebrates. Sites along the southern Oregon Coast typically have
higher concentrations of chlorophyll-a than those along the north-central coast.
Chlorophyll-a concentrations correlate with concentrations of phytoplankton, a
food source for filter feeders. We have found that sites with high chlorophyll-a
concentrations typically have higher growth rates of mussels and barnacles.
Interactions among species also influence patterns of coastal biota. Top-down
effects are quantified though field experimentation. The ochre sea star and
whelks are major predators in the low- and mid-zones of the intertidal.
Predation intensity is estimated by quantifying the rate of disappearance of
mussels transplanted to areas with and without predators. Preliminary results
from PISCO research suggest that predation likely is a local effect. Large
differences in predation effects have been observed among sites, but this is not
correlated with changes in geography across a species’ range. PISCO OSU is
taking the lead to refine the methodology for a second predation experiment that
studies herbivory. The herbivore effects of limpets and chitons are quantified by
excluding grazers from experimental plots with copper-based paint, a deterrent
to these organisms. PISCO’s study of species interactions provides insight into
how ecological processes affect community patterns.
Community Diversity – Comparisons of rocky shore communities over large
spatial scales often are confounded by variation in the physical characteristics of
these complex habitats. To overcome this problem, PISCO studies diversity and
structure of communities as a function of physical processes in the nearshore
environment. Our coordinated, quantitative assessments are unprecedented in
scale: they sample the entire, contiguous U.S. West Coast. PISCO conducts the
assessments at 14 intertidal sites in Washington, Oregon, and California. We
also assess subtidal communities at 14 sites in central and southern California.
Subtidal and intertidal assessments occur at adjacent sites, when possible.
PISCO assesses patterns of the coastal biota occur annually.
PISCO uses a nested hierarchical classification system to assess community
diversity and structure in coastal areas. Rocky shores along the west coast are
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partitioned into relatively homogeneous alongshore polygons based on substrate
size, slope angle, roughness, and wave runup. The smallest shoreline partitions
represent physically homogeneous habitats at scales of 10-100 meters. In each
of these areas, the biota is sampled using standard transect/quadrat methods.
This methodology for continental shorelines, which was developed by a PISCO
scientist, recently was adopted by the National Oceanic and Atmospheric
Administration as part of its National Marine and Estuarine Habitat
Classification System.
PISCO gathers information about abundance, distribution, and diversity of such
organisms as macrophytes, macroinvertebrates, and fishes. Results from our
first year of data collection have begun to uncover links between ecological
responses and physical attributes of the nearshore environment. At mesoscales
(10-100 km), oceanographic processes such as nutrient upwelling, water
temperature and patterns of water movement influence community structure by
controlling food supply and the release and distribution of larvae. However, at
smaller scales (10-100 m), the hydrodynamics of the nearshore, substrate size,
elevation on the shore, and biological interactions become more important in
determining local distributions of coastal biota. Our research to-date suggests
that physically similar habitats support similar biological communities, even
when separated by long stretches of heterogeneous shoreline.
PISCO research intends to expand scientific understanding about the influence
of processes and mechanisms on community structure.
We compare
information from community-level monitoring with data from our studies of
nearshore oceanography, larval dispersal, and rocky-shore ecology. Over time,
as new discoveries are made and new methods are developed, we will refine
PISCO’s Research Program.
The Policy and Outreach Program
PISCO aims to integrate sound marine science into the analysis and
implementation of programs in marine conservation. PISCO research will
answer ecological questions about coastal ecosystems and, over time, may
identify and track environmental trends. This enhanced scientific understanding
can inform marine policy, management, and conservation. For example,
managing fisheries, understanding the dynamics and evolution of marine
populations, and predicting the responses of coastal ecosystems to perturbations
such as pollution, habitat loss, and the spread of exotic introduced species all
await breakthroughs in the area of larval dispersal. Also, the effective design of
any marine reserve depends on the degree to which populations within the
reserve are sustained by recruitment from other populations and supply recruits
to distant communities. PISCO research is relevant to academic scientists,
legislators and policy makers, resource managers, conservation organizations,
industry groups, and the interested public.
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The Policy Program builds bridges to share information about marine science
and translate new knowledge from PISCO research. For example, our website
(http://www.piscoweb.org) promotes ecological collaboration, informs policyand decision-making groups, and shares conservation-based information with
the public. The program also encourages two-way communication by keeping
scientists abreast of current marine policy and conservation issues. We offer
resources to enhance the ability of scientists to communicate with diverse, and
oftentimes non-scientific, groups.
The Interdisciplinary Training Program
Current traditions in graduate training make it extremely difficult for students to
acquire a formal education in cross-disciplinary research. Established lines of
communication with mentors in multiple disciplines are often absent, and few, if
any, universities teach the breadth of courses a student needs to be at the cutting
edge of cross-disciplinary ecological research.
PISCO’s Interdisciplinary Training Program is pioneering a new approach to
preparing graduate students and post-doctoral fellows for interdisciplinary
research. The program has three goals:
• To create opportunities for students to conduct research in laboratories at
the four PISCO universities;
• To offer formal training in molecular, physiological, and biomechanical
approaches to ecology at biannual summer courses; and
• To teach emerging techniques in marine ecological research at biannual
workshops.
Hopkins Marine Station at Stanford University coordinates the summer course
and workshops for PISCO. During summer 1999, the Hopkins summer course
taught students new techniques in physiology, biochemistry, genetics and
biomechanics. The summer courses are open to the research community as a
whole. This year, Hopkins Marine Station will host the first biannual workshop
for PISCO researchers.
Conclusion
The Partnership for Interdisciplinary Studies of Coastal Oceans is unique in that
its investigations of ecosystem dynamics along U.S. west coast integrating
multiple disciplines and occur over a 20-year period. Our goals are to determine
the processes that underlie patterns in coastal ecosystems, to share this
knowledge into public and policy arenas, and to promote interdisciplinary
training. We expect PISCO to be a model for future interdisciplinary efforts in
research, training, and policy.
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WASHINGTON STATE COASTAL ATLAS: A DIGITAL TOOL FOR
IMPROVED SHORELINE MANAGEMENT
Cinde Donoghue, Washington State Department of Ecology
Brian Lynn, Washington State Department of Ecology
Washington has over 2500 miles of highly diverse shoreline, including sandy
ocean beaches, large estuaries, rocky islands, and eroding coastal bluffs. The
state's Department of Ecology is responsible for guiding shoreline planning and
landuse decisions and for providing coastal information to educate the public,
monitor coastal health, and encourage better-informed decisions. This project is
an effort to build a website and mapping tool that provides these stakeholders
with state coastal information in a coordinated, easily accessible, geographic
structure. This will allow users to pull up a website on their desktop computer
using an internet browser, click on a map location and view all natural resource
information, data on projects, reports and grants, related to that site.
A number of critical natural resource management issues affecting the coast
have recently come to the forefront in the state. For example, pending listings of
several stocks of salmon under the Endangered Species Act are driving state and
local agencies to carefully analyze the condition of our shoreline to assess the
impacts of landuse decisions on salmon habitat, and to develop plans and
policies to protect this habitat. The State’s Shoreline Management Act (SMA)
rules are currently being modified with a requirement that local governments
complete comprehensive inventory their natural resources. In addition, serious
landsliding along Puget Sound bluffs in 1996 and 1997 led to hundreds of
millions of dollars worth of damages and loss of life, yet local planners and
shoreline property owners currently have limited access to information about
coastal hazard areas.
The state has begun developing the data framework necessary to compile and
disseminate shoreline and watershed information critical for guiding wellinformed coastal management decisions. Although the initial project involved
strictly coastal information, the urgency of the need to assess habitat status for
the recently listed endangered salmonids has encouraged the growth of the
project to include upper watershed data as well. The inclusion of this data
promotes the ecosystem management approach that the coastal program has
been long espousing.
This project involves several contemporaneous steps. An inventory of the
existing data was performed to establish which data layers are available and
valuable to potential users, what is the scale and format of the data, and what
processing needs to occur to bring it into the internet mapping system. From
this assessment the extent of the project has grown to include statewide
watershed planning, water quality and quantity data.
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Another portion of the project involves creating GIS layers from existing nondigital maps and images. During the 1970's, the Department of Ecology
produced a detailed atlas of much of Washington's marine shoreline. The
Washington Coastal Zone Atlas included maps and information about littoral
drift, erosion, geology, slope stability, land cover (including aquatic vegetation),
substrate, and human modifications. These atlases are out of print but some of
the information is still viable, particularly the slope stability and geology layers
which are currently being digitized. There are also a several sets of oblique and
aerial photos that have had layers created or have been linked to the appropriate
shoreline position. Historical oblique photos are now being scanned and
georeferenced. Comparisons of the new and historical photos will allow for
previous management efforts to be evaluated and their effectiveness assessed.
An additional step is deciding which type of internet mapping software to apply
and determining how to integrate this geographical expression of the coastal
information into the existing website. There has previously been significant
effort within the Department of Ecology in displaying natural resource data on
the web through use of hot linked images, tables, scanned documents and pdf
files. One way to build on the previous work is to mutually link the images and
mapping site. An example of this is demonstrated with the two figures below.
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The current Coastal Atlas was constructed using ESRI’s Map Objects. As the
company’s new ArcIMS software becomes available, Ecology may choose to
upgrade. This would require some rebuilding and customizing of the existing
site.
Finally the project calls for development of a long-term strategy for updating,
improving, and expanding the digital Atlas.
This strategy involves
administrative, organizational, and financial discussions within the coastal
program as well as among the other agencies who will be employing the
mapping site for display of their data.
Cinde Donoghue
NOAA Coastal Management Fellow
Washington State Department of Ecology
PO Box 47600
Olympia, WA 98504-7600
Phone: (360) 407-7257
Fax: (360) 407-6902
Email: cdon461@ecy.wa.gov
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IDENTIFYING POTENTIAL WETLAND RESTORATION SITES FOR
ESTUARY-WIDE RESTORATION PLANNING IN OREGON: A PILOT
PROJECT IN THE COOS ESTUARY
J. David Fuss, Marine Resource Management, Oregon State University;
now with the North Carolina Division of Coastal Management
Introduction
Oregon's estuaries have undergone significant human alteration, so that many
former tidal wetlands no longer provide the functions that preserve the integrity
of estuarine ecosystems. Oregon has been a leader in wetland protection and has
used ecological restoration in the pursuit of its goal of "no net loss" of wetlands.
Local wetland mitigation site inventories serve as the primary planning
instrument for wetland restoration in many Oregon estuaries. Recent emphasis
has been placed on non-regulatory wetland restoration, but little information is
available about suitable sites.
While wetland mitigation planning has traditionally been site-specific with a
focus on development interests, there is a growing need for landscape-scale
restoration planning - encompassing both mitigation and non-regulatory
restoration - that emphasizes ecological values. The goal of this project was to
develop and demonstrate a landscape-scale geographic information system
(GIS)-based methodology for (1) identifying and (2) screening potential estuary
wetland restoration sites with updated, ecological information. A database of
potential tidal wetland restoration sites was created that allows the user to search
for suitable sites to match to specific restoration projects. This work builds on
recent state efforts and was designed to guide ongoing projects to identify
potential estuary wetland restoration sites all along the Oregon coast.
Background
Oregon's 22 major estuaries are mostly small and are acutely vulnerable to the
cumulative effects of habitat loss because they are unable to absorb the mounting
damage. Channelizing, diking, draining, dredging, filling and other alterations
have converted estuaries and their wetlands to human uses. Estuaries in Oregon
have suffered an average loss of 40-60% of their historical wetland acreage,
mostly due to agricultural activity (Boulé and Bierly 1987; Simenstad and Thom
1992; Good and Sawyer 1998). Although Oregon has gained much from wetland
conversion, those benefits must be weighed against the ecological and economic
costs of conversion. Coastal wetlands provide important ecological functions and
services to estuarine ecosystems and organisms. Common coastal wetland
functions include provision of fish and wildlife habitat, protection from shoreline
erosion and storm damage, and water quality maintenance (Mitsch and Gosselink
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1993). Altered and degraded coastal wetlands no longer adequately provide
these functions, contributing to a decline in the ecological quality of Oregon's
estuaries.
Today, agriculture on some coastal lands is less viable and it has become clear
that some wetland alterations - like diking and draining of tidal marshes - are
potentially reversible. The goal of ecological wetland restoration is to reestablish
vital wetland functions that improve the quality of degraded ecosystems.
Estuarine wetland restoration occurs in two contexts: (1) compensatory
mitigation for permitted dredging and filling for water-dependent development
(no net wetland loss is the goal) and (2) non-regulatory restoration that is not tied
to development but is restoration designed to recapture some of the lost wetland
functions and services.
The Oregon Estuary Plan Book (DLCD 1987) includes designated wetland
mitigation sites in each Oregon estuary, but local mitigation site inventories are
outdated, site-specific, do not address non-regulatory restoration, and do not
incorporate GIS technology. In addition, local site inventories contain little
ecological data and were designed around the interests of future development.
Given the limited success of wetland restoration projects due to inadequate
planning, researchers have suggested that watershed-level plans are essential to
improve restoration programs (Good and Sawyer 1998; Gersib 1997). This
approach, underutilized in Oregon, can be enhanced with a GIS-based approach
to identifying potential wetland restoration sites.
This project created 1) a GIS-based methodology for identifying potential
wetland restoration sites that emphasizes ecological information and 2) a
database of potential restoration sites for the Coos estuary. This work builds on
the Dynamic Estuary Management Information System (DEMIS) project of the
Oregon Coastal Management Program (OCMP). The original DEMIS project
established a library of GIS data for the Coos estuary. The current DEMIS
project has evolved, with this project’s results as a guide, into an effort to create
inventories of potential wetland restoration sites in four additional Oregon
estuaries.
Since the mid-19th century, the Coos estuary on the south coast of Oregon
(Figure 1), has experienced an 84 percent loss of salt marsh acreage, primarily
due to agricultural practices prior to 1930 (S. Rumrill, pers. comm.). Restoration
of converted tidal wetlands in the Coos estuary could improve ecosystem quality.
The current local mitigation site inventory is outdated, site-specific, does not
address non-regulatory restoration, does not incorporate GIS data, incorporates
scant ecological data, and was built around development interests. To facilitate
watershed-level restoration planning, a project was undertaken by the OCMP to
create a database of potential wetland restoration sites for the Coos estuary,
incorporating the Estuary Plan Book mitigation sites and GIS data from the
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DEMIS project. The database allows users to visually display and analyze spatial
and ecological data for the estuary. By completing this database, a GIS-based
methodology for identifying potential wetland restoration sites was established.

Figure 1. The Coos estuary (map courtesy of South Slough National Estuarine
Research Reserve)
Methods
To construct the database of potential wetland restoration sites, several project
phases were completed. First, data needs were assessed. Second, potential
restoration sites were identified. Third, collection of digital and non-digital
ecological and socio-economic data was accomplished. Fourth, the data fields
were structured to facilitate search methods and were stored digitally. Fifth,
metadata for the data fields were created. Finally, the database was made
available to the public.
A combination of functional approaches of existing wetland assessment
methodologies and personal interviews with local experts and professionals in
the restoration community along the Oregon coast was used to determine what
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data to include in the database. This ideal set of data fields was narrowed to data
that were readily available.
Next, additional potential tidal wetland restoration sites, besides the mitigation
sites from the Estuary Plan Book, were identified from aerial photographs. These
sites, which are likely to be successfully restored from an ecological perspective,
experience no or restricted tidal influence, are altered by human activity, are
adjacent to existing marsh to enable salt marsh re-establishment (seed source),
and have remnant tidal channels. On the other hand, sites that are heavily
affected by adjacent or on-site intensive human activity (e.g. intensive
agriculture, high-density residential, industrial, etc.) were excluded. The wetland
mitigation sites from the local inventory were included.
Then, data fields for both the mitigation sites and the additional sites were
completed utilizing GIS data from DEMIS, aerial photographs, site visits, and
socio-economic data from Coos County records. The data fields were structured
so that users could easily search the database to narrow site choices for
restoration projects. The data was stored in ArcView GIS and Microsoft
Access software programs. Both programs support database searches.
To document the data sources in the database, metadata were created for the GIS
data and for the attribute data tables within ArcView GIS. Metadata are now a
standard element of GIS data and enable the user to assess the condition of the
data and whether there are any problems, such as accuracy or resolution.
The database was made available to the public in 1999. From the DEMIS web
site, a user may request a CD-ROM containing either the Coos estuary potential
wetland restoration site database or the original DEMIS data project including
all of the GIS data for the Coos estuary (DLCD 1999).
Results
The database for the Coos estuary consists of 89 potential wetland restoration
sites. There are 15 non-regulatory restoration sites and 74 sites that are intended
for wetland mitigation. Of those 74 sites, 47 are expressly protected for
mitigation, while 27 may also be used for non-regulatory restoration. The
database includes 48 GIS data sets, while the supporting data tables include 96
data fields. In addition, there are on-the-ground photos for 18 of the 89 sites. The
database may be searched to yield possible site choices for specific mitigation or
non-regulatory restoration projects. By creating the Coos estuary database, a
methodology was developed for identifying potential wetland restoration sites
emphasizing ecological information and establishing a supporting GIS database
(Figure 2).
To grasp the utility of the database, consider a hypothetical site search for
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possible choices for a 15-acre wetland compensatory mitigation project designed
to improve Coho salmon habitat in either Catching or Isthmus Sloughs, two
major branches of the Coos estuary. A focused search of the 47 sites protected
exclusively for mitigation reports that 18 of these sites are located in either
Catching or Isthmus Sloughs. Further searching reveals that 3 of these 18 sites
meet the requirement of 15 acres or more. A final search shows that only one of
these 3 sites has Coho salmon in its adjacent waters. At this point, the mitigation
project manager could visit the site to assess other site characteristics not
available in the database. If the site proved unsatisfactory for any reason, another
search pattern could be generated to find suitable sites. If the site was
satisfactory, the project manager could use the site data, along with more
detailed site surveys, to develop and implement a restoration action plan.

Assess estuarywide data needs
and formulate
restoration goals

Develop list of data fields for GIS
database of potential wetland
restoration sites

Identify potential
wetland restoration
sites and save
locations as GIS data

Collect data and verify accuracy

Structure data entries for searching and store data

Create metadata for GIS data

Make GIS database publicly available

Search database for suitable site choices for specific restoration projects

Figure 2. General methodology for identifying potential wetland restoration sites
and establishing a searchable GIS database with an estuary-wide perspective
Another potential use for the database is the development of a vision plan for the
®
restored conditions of the estuary. The display features of ArcView GIS can
convey estuary-wide restoration goals to lay citizens who can better understand
them in map form. This key step builds community support, which is crucial to
the success of an estuary-wide restoration plan. Many restoration opportunities
exist on privately owned land and local backing helps landowners realize their
important role in achieving restoration goals (Good and Sawyer 1998).
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Once potential restoration sites have been identified, the GIS-based process of
visualizing a plan for a restored estuary can be realized. First, existing tidal
wetlands are displayed in one color (e.g. green). Next, the potential wetland
restoration sites are shown in another color (e.g. red). Finally, by showing both
the existing tidal wetlands and the potential wetland restoration sites in the same
color (e.g. green), a vision of restored estuary conditions can be demonstrated.
However, landowner cooperation must be achieved before publicly displaying
these maps. Otherwise, landowners who are angered by the public display of
their land on the maps may stall the estuary restoration planning and
implementation process.
Conclusions
Due to historic alterations, many of Oregon's former tidal wetlands no longer
provide the functions that maintain the ecological integrity of estuaries. Wetland
restoration is one means of improving the quality of degraded estuaries by
reversing the trend of wetland losses in Oregon estuaries. The methodology
described in this poster produces a searchable ecological and socio-economic
GIS database for potential mitigation and non-regulatory restoration sites in a
landscape context that supports estuary-wide restoration planning.
The methodology and the GIS database it produces facilitate more effective
wetland restoration than do current wetland mitigation site inventories. The use
of GIS to store, search and display potential restoration site information allows
landscape analysis of estuary restoration sites that will likely improve ecosystem
quality. The local mitigation site inventories contain little ecological data and
were built around the interests of future development at a site-specific scale. This
project’s methodology emphasizes an estuary-wide, ecological approach to
matching potential restoration sites with specific restoration projects that will
save coastal resource managers and planners time, effort, and money. In
addition, the ability to visually display the restoration sites on a GIS-based map
can lead to public understanding of watershed wetland restoration goals.
References
Boulé, M.E., and K.F. Bierly. 1987. History of estuarine wetland
development and alteration: what have we wrought? The Northwest
Environmental Journal 3(1):43-61.
Department of Land Conservation and Development. 1987. The Oregon
Estuary Plan Book. Salem, Oregon.
Department of Land Conservation and Development. 1999. The Dynamic
Estuary Management Information System Home Page. Oregon Coastal
Management Program, Oregon Department of Land Conservation and
Development, Portland, Oregon. http://www.lcd.state.or.us/coast
923

/demis/core.htm. March 1, 2000.
Gersib, R. 1997. Restoring wetlands at a river basin scale: a guide for
Washington’s Puget Sound. Washington Department of Ecology, Publication
No. 97-99, Olympia, Washington.
Good, J.W. and C.B. Sawyer. 1998. Recommendations for a nonregulatory
wetland restoration program for Oregon. ORESU-O-98-001, Oregon Sea Grant,
Corvallis, Oregon.
Mitsch, W.J. and J.G. Gosselink. 1993. Wetlands. Second Edition. Van
Nostrand Reinhold, New York, New York.
Rumrill, S.S. Director of Research, South Slough National Estuarine
Research Reserve, Charleston, Oregon. personal communication.
Simenstad, C.A. and R.M. Thom. 1992. Restoring wetland habitats in
urbanized Pacific Northwest estuaries. Pp. 423-472 in Thayer, G.W. (ed.),
Restoring the Nation's Environment. Maryland Sea Grant, College Park,
Maryland.
J. David Fuss
NOAA Coastal Management Fellow
North Carolina Division of Coastal Management
1638 Mail Service Center
Raleigh, NC 27699-1638
Phone: 919-733-2293 Ext. 252
Fax: 919-733-1495
Email: David.Fuss@ncmail.net

924

Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA
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Abstract
Although much data and information are available for the coast of Oregon, they
are scattered in various formats among several federal, state, and local agencies,
research institutes and universities. In the past there has been no central
repository or access point for all natural resource geographic data for the Oregon
coast. Therefore, as a collaborative effort between university, federal, state, and
regional entities, an Oregon Coast Geospatial Clearinghouse was developed to
disseminate natural resources data to organization and individuals for
management, research and educational applications. The clearinghouse
(buccaneer.geo.orst.edu), funded by the Federal Geographic Data Committee
(FGDC) Cooperative Agreements Program, is a searchable node of the National
Spatial Data Infrastructure (NSDI). The node includes coastal and marine
resource thematic data and FGDC-compliant metadata contributed by Oregon
partners in the project (the Tillamook Coastal Watershed Resource Center,
Ecotrust, the Pacific Northwest Coastal Ecosystems Regional Study, and Oregon
State University), as well as embedded URL linkages to online data throughout
the state. Protocols are currently being established for maintenance and update,
and training will be provided to clearinghouse users and cooperators. The
clearinghouse is designed in such a way as to be easily accessible and
understood by coastal managers, scientists, decision-makers and the general
public desiring to obtain geographic information on coastal resources.
Introduction
The coast is a region where complex political and resource issues are
increasingly being negotiated and balanced. The mild climate, ocean access,
wildlife, scenic, timber, and mineral resources of the Oregon coast easily
attracted the initial settlement and economic development of hundreds of
communities. Over the past 150 years, the landscape and ecosystems of the
Oregon coast (Figure 1), already subject to many variable natural forces, have
been affected the most by human activities (Stein et al., 1996).
As the economy and culture of Oregon rely so heavily on natural resources, it is
vitally important that the public, political leaders, extension agents, resource
managers, and resource users be better informed about the ecosystem status and
trends, and the nature of the forces affecting ecosystems. For example, analyses
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Figure 1. The Oregon Coastal Zone extends seaward to the edge of the Territorial Sea, 3
miles offshore, and inland to the crest of the Coast Range, except in the Rogue, Umpqua,
and Columbia River basins. On the Columbia River, the coastal zone extends to Puget
Island, near the Clatsop County line; on the Umpqua, to Scottsburg at the head of the
tide; on the Rogue, to Agness, above the head of the tide. (Map courtesy of Randy Dana,
Oregon Department of Land Conservation and Development, Coastal Division).

of vegetation patterns in the western Cascades of Oregon demonstrate the value
of using diverse data sources across political boundaries to assess spatial
patterns and managerial options (Cohen et al., 1995; Sachs et al., 1998; Turner
et al., 1999). Currently however, such data are widely scattered, often duplicated
across multiple agencies or research groups, and largely inaccessible except by
word of mouth. Tracking down desired data and metadata remains a daunting
task for managers and scientists. For the general public the task is even more
difficult. Many data sets are restricted to individual projects and then shelved,
eliminating the potential for usefulness in a myriad of additional planning,
management, and scientific projects. Managers, scientists, and the public have
all expressed confusion over the complexity of identifying data at suitable
scales, formats, and quality for designated management areas.
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Clearly there has been a need for an established clearinghouse, as well as a
unified, policy-driven data framework. Clearinghouses are the primary means
for implementing the National Spatial Data Infrastructure (NSDI –
www.fgdc.gov/nsdi). President Clinton's Executive Order 12906 called for the
establishment of the NSDI in order to promote sharing of geospatial data
throughout all levels of government, academia, and private and non-profit
sectors. The NSDI, with its timely focus on rethinking the methods of spatial
data delivery to users, represents a welcome change from the centralist period in
geographic information management when federal agencies dominated decisions
and data resources. The NSDI recognizes that local empowerment will work
only if there are local groups to take up the challenge of data dissemination. For
the state of Oregon, a partnership of Oregon State University (OSU) with the
Pacific Northwest Coastal Ecosystems Regional Study (PNCERS, funded by the
Coastal Ocean Program of NOAA and the Oregon Coastal Management
Program of Oregon's Department of Land Conservation and Development), the
Tillamook Coastal Watershed Resource Center (TCWRC, formerly one of 28
National Estuary Projects established nationwide by the EPA), and Ecotrust (one
of the largest non-profit environmental conservation organizations in the Pacific
Northwest and a leader in public access GIS), and the State Service Center for
Geographic Information Systems, was funded by the NSDI via the Federal
Geographic Data Committee (FGDC) Cooperative Agreements Program.
The primary objective was to develop a searchable Clearinghouse node
consisting of pointers to coastal and marine resource data contributed by the
initial partnership, as well as embedded URL linkages to coastal data throughout
the state of Oregon. In general, clearinghouses provide a valuable means not
only for delivery of spatial delivery via the Internet, but more importantly for
advertising the existence of useful data via metadata, including geographic
coverage, data quality, inventory, and further processing requirements. In so
doing, clearinghouses also help to minimize the duplication of effort involved in
spatial data collection and processing.
Metadata and Why it Matters
Metadata are information about data, such as its geographic coverage, quality,
completeness, accuracy, etc. They are a "pedigree" of sorts for a data set,
helping the user to judge its "fitness for use" or reliability, thereby facilitating
more appropriate and efficiently use. In addition, metadata allow a potential
user, for comparative purposes, to understand how the data were collected, and
provide the all-important details of how one can actually obtain the data in
question, or who best to contact. Data that do not have accompanying metadata
are often hard to find, difficult to access, troublesome to integrate, and
perplexing to understand or interpret. If a significant amount of effort and
money have been invested in the collection of data, especially if one wishes
others to be able to use and re-use them, that investment will surely be enhanced
by having the appropriate metadata on hand (e.g., Larson et al., 1998).
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A national content standard has been established by the Federal Geographic
Data Committee (FGDC) for metadata, ensuring that it fully outlines all the vital
information pertaining to a data set's source, content, format, accuracy, and
lineage (i.e., what processing changes the data set has gone through over time).
All of the metadata records in the Oregon Coast Geospatial Clearinghouse are
FGDC-compliant.
Technical Approach
Existing FGDC-compliant metadata and accompanying digital databases were
acquired from cooperating organizations on the original grant (PNCERS,
TCWRC, Ecotrust, and OSU). FGDC-compliant metadata was created where
needed. This will be facilitated by metadata-collection software developed by
the NOAA Coastal Services Center (www.csc.noaa.gov/metadata/
text/metatools.html). FGDC parsing software (mp) was used to ensure correct
format before final indexing and loading into the clearinghouse. The metadataparsing software optionally creates both HTML and SGML versions of the
metadata.
Next, the metadata were indexed for clearinghouse searches using specialized
software provided by the FGDC (Isite v. 2.06a for clearinghouse node services)
running on a Sun Ultra 10. Unix server was chosen over NT machine as it
provides more integrated and stable network support, particularly as a web
server, and is still the superior operating system in terms of handling large data
sets, complex software, higher-quality graphic output, and processing speed.
After testing to ensure that the node was working as expected, it was registered
with the FGDC. Registration with the FGDC rendered the metadata on the node
accessible to users worldwide via the clearinghouse gateway at the FGDC web
site (www.fgdc.gov/clearnghouse).
In addition to making metadata available through the search mechanism of the
national clearinghouse gateway, a comprehensive web site was constructed for
the project, that includes not only downloadable metadata and data, but tools for
submitting additional data (for which clearinghouse personnel will create
FGDC-compliant metadata), linkages to interactive, online data sets elsewhere
in the state of Oregon, information on the original clearinghouse partners, digital
images and visualizations of the Oregon coast and continental shelf, and
documents and publications related to the original FGDC grant (Figure 2).
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Figure 2. The Oregon Coast Geospatial Clearinghouse (buccaneer.geo.orst.edu).

The site also links to a web-based discussion forum open to anyone in the state
(research, manager, teacher, student, web wanderer, etc.) who has interest in the
clearinghouse and would like to contribute an idea or comment.
It was also determined which federal state, and private organizations subsequent
to the original partners would be potential contributors to the clearinghouse.
Steps were taken to: (1) identify accurate contact information for each
organization and its GIS manager; (2) describe what data layers are available;
and (3) compile metadata for each data layer of each organization. All submitted
data are required to adhere to FGDC standards. Although all organizations will
be encouraged to participate fully, those with proprietary interests (e.g., private
landowners) may simply provide contact information and some limited
description of the data.
In addition, the clearinghouse project is now serving as one of the testbeds for a
new project funded by the University Consortium for Geographic Information
Science to improve the usability of the national clearinghouse gateway (see
www.nacse.org.mhs). The Oregon Coast Geospatial Clearinghouse is being
934

evaluated in terms of user friendliness for searching and downloading both data
and metadata.
Conclusion
In principle the above activities should help to build or strengthen relationships
among organizations in Oregon that support digital geographic data coordination
for the coast. Statewide coordination of this type may serve as an example to
other coastal states, and stimulate growth of similar clearinghouse efforts. The
Oregon project is closely related to ongoing projects in Washington state on the
Olympic Peninsula, (cathedral.cfr.washington.edu/~chouse), in Florida
(ocean.fmri.usf.edu/ims/sori/), and Alaska (146.63.13.150/ciimms/).
Clearinghouses have great merit not only because of their relevance to the
NSDI, but because they promise unparalleled collaboration between academe,
state/federal government, and private non- profit entities. This will lead to an
important institutional framework for further regional cooperation, helping to
identify major stakeholders in coastal management, and to organize thoughts
and efforts towards jointly identified coastal issues.
Future activities related to the Oregon Coast Geospatial Clearinghouse include:
- development of an online mapping tool for Oregon coastal data. The
application will enable users to create digital maps over the web using
geographic data and metadata stored on our servers. Though internet map
servers are not nearly as robust as desktop GISs, they provide a quick, effective,
and often entertaining means by which to view and manipulate spatial data (and
accompanying metadata) before making the decision to download to a local
system.
- preparation of a framework (database structure) document, as well as protocols
for adding additional data layers, metadata, and URLs, once participation in the
clearinghouse by agencies other than the original cooperators is firmly
established.
- development of a new, user-configurable metadata entry tool in cooperation
with the Northwest Alliance for Computational Science & Engineering
(NACSE, www.nacse.org), that may supercede current FGDC tools and provide
more adequate long-term documentation of spatial data sets.
- consideration of “once we build it, how do we get them to come?” We hope to
do a fairly thorough evaluation of the usage of the clearinghouse web site (i.e.,
site statistics, number of hits, from what hosts, etc.), and will explore additional
ways to spur its growth, utility, and influence in the state of Oregon and the
broader coastal resource management community.
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