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“…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 re-
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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 non-
market 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.
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IMPLICATIONS OF ENDANGERED SPECIES LISTINGS OF SALMON ON
LAND USE, PLANNING AND DEVELOPMENT: A CALL FOR DEFINITION

RATHER THAN DEFINITIONS

John A. Duff, Associate Research Professor of Law and Co-Director, Marine Law
Institute, University of Maine School of Law

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. To provide compliance with the Endangered Species Act for aquatic
and riparian-dependent species;

2. 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 habitat-
conservation-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, THE 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, watershed-
based 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 inter-
and 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 two-
thirds 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 multi-
stakeholder 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 decision-
making 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.

Will Hall
Surface Water Management
Snohomish County
2731 Wetmore Ave., Suite 300
Everett, WA 98201-3581
Phone: (425) 388-3781
Fax: (425) 388-6455
Email: will.hall@co.snohomish.wa.us
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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
San Francisco Bay Regional Water Quality Control Board
6016B Harwood Avenue
Oakland, CA  94618
telephone: 510-601-1579
fax: 510-653-7820
email: eandlgill@aol.com
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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 high-
altitude 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



343

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
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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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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 ini-
tiate 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 vacation-
home 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 erosion-
control 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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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.

Huanting Shen, Jiufa Li and Jiazue Wu
State Key Lab of Estuarine and Coastal Research
East China Normal University
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China, P.R.
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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 tsunami-
resistant 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.



365

• 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 user-
friendly 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 multi-
objective 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.
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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 low-
lying 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

  British

Columbia

Wash.

N O R T H
A M E R I C A

P L A T E

Oregon

California
GORDA

PLATE

PACIFIC
PLATE

JUAN DE

FUCA PLATE

E
X
PL

O
R
E
R

P
L
A
TE

V
a
n
co

uv
e
r   Is

.

S e
a w

a
rd

e
dg

e
  o

f  s
u

b
du

c
ti on

  zo
n

e

a

T o f i n o

K a n i m  L a k e

C a t a l a  L a k e

V a n c o u v e r

VictoriaPACIFIC
OCEAN

V a
n

c o
u v e

r      Is l a
n d

0       km    100
N

b

K a k a w i s  V i l l a g e

M E A R E S  
I S L A N D

L
E

M
M

E
N

S 
 I
N

L
E
T

O p i t s a t

c

C o r i n g  s i t e s

C l e a r   w a t e r
z o n e

K A K A W I S
L A K E

LEMMENS
INLET

d

Figure 1.  The study area.  ( a ) Tectonic
setting of the Cascadia Subduction Zone.
( b ) Vancouver Island, showing the location
of the study site, lakes and places mentioned 
in the text. ( c ) The environs of Kakawis
Lake.  Dashed lines correspond to the
limits of tidal flats at low tide.  ( d )  The
northeastern basin of Kakawis Lake showing
coring sites and its central area that is 
not covered by aquatic vegetation.

Gyttja: massive
Gyttja: semi-laminated
Organic mud
Sandy layers
Glaciomarine clay
Samples for 14C ages
Inferred tsunami
deposits.2510 (50) 

2470 (110) 

3220 (50) 

3540 (50) 

11620 (80) 

13260 (80) 

13810 (90) 

3580 (50) 

3450 (50) 

3410 (60) 

Figure 2.  Basic stratigraphy of cores from Kakawis
Lake.  The two lower units are only present in core
Kakawis #5.

J
L

N S W

U

Y

4000 3000 2000 1000 0

( Years before A.D. 2000 )

Figure 3.  Age  range  of  inferred  Cascadia  
paleo-earthquakes. Letters  are  the  identifiers
 given  by  Atwater and Hemphill-Haley (1996).



383

vegetation. The pond is connected to a larger lake to the west and on its south-
east 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 pre-
dating 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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A WEB-BASED TOOL FOR PROTECTING PORTS AND HARBORS OF
THE PACIFIC NORTHWEST
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Oceanic and Atmospheric Administration, Coastal Services Center

David Stein, Technology Planning and Management Corporation, National
Oceanic and Atmospheric Administration, Coastal Services Center

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.
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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=1.5-
2.0m/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 2-
d 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 (2-
3m/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]:



399

-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 River-
T2 indicates the second terrace of Tirana's River-
L1 indicates the first terrace of Lana's River-

Fig.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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