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Abstract

The Oregon coast is affected by a variety of natural hazards—chronic
erosion, landslides, flooding and potentially catastrophic earthquakes and tsunamis.
Hazard mitigation at the state level is accomplished through state-mandated, locally-
implemented land use planning and development policy, and state regulatory
programs for shore protection. Hazards policy implementation is generally inef
fective, particularly with respect to the cumulative effects of hard shore protection
structures. Shortsighted land development policies are driving the demand for hard
shore protection. Furthermore, present polices do not address the potential impacts
of accelerated sea level rise expected next century or the very real threat of a major
subduction zone earthquake and related hazards. To deal with these implementation
shortcomings and unaddressed hazards, Oregon Sea Grant and state coastal
managers have organized a Coastal Natural Hazards Policy Working Group. The
PWG represents a broad range of interests, and is using an all-hazards approach to
build consensus and develop recommendations for improved hazards mitigation
policy.

Introduction

The Oregon coast experiences a wide variety of common natural hazards.
Winter storms cause flooding and beach erosion. Large waves set up nearshore rip
currents that hollow out embayments in the beach and cut intodunes and sea cliffs.
Wave undercutting causes bluff-top slumping and landslides. We have learned that
major episodes of coastal erosion are often caused by raised sea levels and
changed storm patterns associated with periodic El Niftos and that these events will
continue to occur. Very recent geologic research suggests that large magnitude,
potentially destructive earthquakes occur along the Cascadia Subduction Zone off
Oregon and that we are entering the time window for the next event.

Coastal growth and development pressures in Oregon have increased
significantly in the 1980s. Growth trends today point upward all along the coast and
several areas are experiencing unprecedented rates of increase. Agood deal of this
growth is occurring in hazardous areas, such as low-lying beachfront and river
mouth areas, high oceanfront bluffs, and steep hillside land.

Oregon's beach protection and land use policies dealing with coastal
natural hazards were enacted in the late 1960s and early 1970s. A recently-
completed Sea Grant evaluation of these policies found a variety of conflicts, gaps,
overlaps and implementation problems that merit further examination. Furthermore,
much of the new technical information acquired in recent years has hazards policy
implications that could not be anticipated just 10 years ago.

685



The combination of these factors—new scientific and technical information,
growing development pressures in hazardous areas, and weaknesses in present
hazard mitigation policies and their implementation—point to the need for a
comprehensive review and overhaul of beach protection and hazard mitigation
policies. The need for such a review was also one of the conclusions of the
participants in the conference Coastal Natural Hazards: Science Engineering, and
Public Policy, conducted Oct. 1-3,1991, in Newport, Ore. (Good, in press).

This paper reports on Oregon's efforts to improve its management of
coastal natural hazards. The major classes of hazards and their actual or potential
impact on developed areas of the Oregon coast are introduced. It explains the
existing coastal policy framework for mitigating these hazards and presents
highlights of our recent evaluation of policy implementation effectiveness. Finally, it
describes a collaborative Sea Grant/Oregon Coastal Management Program "policy
dialogue and negotiation" project just getting underway and what our expectations
are for this process.

Natural Hazards Affecting the Oregon Coast

Natural hazards that affect the Oregon coast may be classified as chronic
or catastrophic. Chronic hazards along the coast occur with a relative degree of
predictabilityand affect only limited areas at any given time. The damage they cause
is usually gradual and cumulative. These hazards include the familiar problems of
beach and upland erosion, sea cliff recession, slumping and small landslides, and
coastal flooding. They are caused by large winter storms that have waves with
significant wave heights up to 20-30 feet; associated storm surge and wave setup
along the beach and shoreland; strong nearshore currents including rips; high winds,
rain, runoff, and associated lowland flooding; and elevated sea levels, caused by
seasonal effects and periodic El Niflos (Komar, 1992; Quinn et al., 1987). Long-term
sea level rise is also a problem in some areas of the Pacific Northwest, though the
effect in the short term is minor due to long-term coastal emergence in most areas.
The response to these chronic hazards is often structural protection, with seawalls
and revetments common solutions (Kraus and McDougal, in press).

Catastrophic hazards are those associated with earthquakes, three types of
which may occur in the Pacific Northwest coastal region: crustal, intraplate and sub
duction zone (Madin, in press). Crustal earthquakes occur on local faults along the
coast and may be as large as magnitude M6-M6.5 on the Richter scale. Intraplate
earthquakes occur along the subducting Juan de Fuca plate, deep below the surface
under the Coast Range and western Willamette Valley. While no such earthquakes
have been recorded in Oregon, there have been intraplate quakes in the Puget
Sound region as large as M7.1 (1949) and 6.5 (1965). Very large earthquakes are
thought to occur along the Cascadia Subduction Zone (CSZ), the great offshore fault
where the Juan de Fuca plate subducts under the North American plate. While there
is no historical record of such events, there is abundant geological evidence for
earthquakes in the M8 to M9 range. The last event was about 300 years ago and
the average recurrence interval is thought to be 340-590 years. The scenario for a
large CSZ earthquake is frightening: it includes strong, sustained groundshaking,
ground subsidence and associated flooding over a wide area along the coast, soil
liquefaction and associated structural failure, and very large tsunami beginning to
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arrive shortly after the earthquake. All of these coseismic hazards occurred in the
1960 Chilean subduction zone earthquake, with heavy loss of life and property. This
earthquake is thought to be a good analog for the expected CSZ event. Other
tsunami caused by distant earthquakes occurring along the Pacific rim are also a
hazard to the coast—the 1964 Alaska earthquake, for example, caused damage
within many coastal estuaries.

Coastal Natural Hazards Management in Oregon

Efforts to mitigate hazards along the Oregon coast involve all three
governmental levels and are summarized in Table 1. Three of the functions list
ed—information and mapping, development planning and siting, and shore pro
tection—are discussed below. The state and local agencies involved, and the
authorities for development and shore protection are part of Oregon's networked
coastal management program.

Hazards Research, Information, and Mapping. The principal hazards re
search, mapping and technical assistance organization in Oregon is the Department
of Geology and Mineral Industries. Much of the funding for this work is through the
U.S. Geological Survey, the Federal Emergency Management Agency, and other
agencies. Much of the research that has contributed to our understanding of coastal
processes and their influence on shorelines has been Sea Grant and other federally-
funded work at Oregon State University and Portland State University. The state
coastal agency, the Departmentof Land Conservation and Development, prescribes
hazards inventory standards for local governments. Local governments prepared
hazard inventories in the late 1970s or early 1980s, but most of the information used
for the inventories was general and of limited use at the detailed site development
level.

Planning and Siting of Development Oregon's Statewide Land Use
Planning Program includes hazard-related planning goals local governments used to
develop local comprehensive plans (LCPs). Three goals apply directly to hazards
management. Goal 7, Natural Hazards, mandates that development subject to
natural hazards not be located in known areas of natural hazards without appropriate
safeguards. The term"appropriate safeguards" has never been defined. Goal 17, the
Coastal Shorelands Goal, requires that LCPs consider geologic and hydrologic
hazards along the ocean shorelands. When problems of erosion or flooding arise,
preference must be given to land use management practices and non-structural
erosion controls. Goal 18, Beaches and Dunes, prohibits development on hazardous
dune and interdune lands, and prohibits breaching of foredunes except in certain
unusual circumstances. Development on more stable dunelands requires findings
that such development is adequately protected from erosion and other hazards.

Cities and counties were required to address Statewide Planning Goals in
their local comprehensive plans (LCPs), which had to be reviewedand approved by
the state. All coastal jurisdictions completed their initial round of planning in the early
1980s and have state-acknowledged LCPs and implementing ordinances. Specific
LCP provisions for regulating development in hazard areas vary. All counties have
required construction setbacks, either fixed or variable, some require geologic
hazard reports from a registered geologist or engineer, and some use overlay
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ordinances and other provisions. However, there are few standardized provisions in
the plans and some are more effective than others.

The federal government gets involved in land use management indirectly
through provisions of the National Flood Insurance Program (NFIP) (42 U.S.C.
4001), administered by local governments through the Federal Emergency Man
agement Agency. The Upton Jones provision of the law, passed in 1987, authorizes
advance payment for relocation or demolition of any structure which is covered by a
current NFIP policy and which is subject to imminent collapse due to erosion.
However, this provision has not yet been applied in Oregon and it is not likely to be
an important management tool. Most of the erosion-related property loss is for bluff-
top areas where residents do not have federal flood insurance.

Shore Protection. The installation of shore protection structures (SPSs)
along the oceanfront are regulated by two state laws: the Oregon Beach Law (ORS
390.605-390.770) and the Oregon Removal/Fill Law (ORS 196.800-196.990). These
are administered as a joint permit program by the State Parks and Recreation
Department (SPRD) and the Division of State Lands (DSL), respectively. The
emphasis in both laws is the protection of the recreational and aesthetic qualities,
and public access to and along the beach. Both agencies regulate the riprap
revetments and seawalls installed along the shore to control erosion and bluff
slumping, though their jurisdictionsdiffer somewhat. Oregon's coastal planning Goal
18 for Beaches and Dunes also plays a role in regulating shore protection. The goal
prohibits beachfront protective structures in areas-that were not "developed" on
January 1, 1977. Development is defined as houses, commercial and industrial
buildings and vacant subdivision lots which are physically improved through
construction of streets and provision of utilities to the lot, or areas where special
exceptions have been approved. For SPSs, the goal also requires that visual
impacts must be minimized, necessary access to the beach be maintained, and that
negative impacts on adjacent property, and long-term or recurring costs be
minimized. SPRD and DSL have incorporated these standards into their own
regulations.

The U.S. Army Corps of Engineers regulates installation of SPSs under
Section 10 of the Rivers and Harbors Act of 1899 and Section 404 of the Clean
Water Act (P.L. 95-217). The Portland District Corps issued a new Nationwide
Permit for "bank stabilization" (NWP 13), with regional conditions for Oregon, effec
tive February 14, 1992; it replaced a similar 1986 regional permit. NWP 13
effectively removes the Corps from day-to-dayshore protection decision-making.

Are Coastal Natural Hazards Policies
Being Implemented Effectively In Oregon?

Beginning in 1989, Oregon Sea Grant in collaboration with the'Oregon
Coastal Management Program, initiated an evaluation of the effectiveness of existing
state and local policy in managing development and shore protection along the
oceanfront. The objectives of the study were to determine if the goals and objectives
of Oregon's shoreline management laws, programs, and regulations are being
achieved; to examine the validity of the underlying scientific and management
principles on which these laws, programs, and regulations are based; and to provide
those who make and carry out ocean shoreline management policy with specific
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suggestions for improving policy and policy implementation. Below is brief outline of
the study and its principal conclusions and recommendations. More detailed results
may be found elsewhere (Good, in press).

The principal focus of the evaluation was on the state laws and policies and
LCPs that comprise the Oregon Coastal Management Program. Policy objectives
from each law or policy were identified and synthesized into a single set of land use
and shore protection policy objectives. For each objective, possible measures or
indicators of policy achievement were identified. A study area was selected for
evaluation that represents a worst-case scenario for development along the
coast—the 16-mile long Siletz littoral cell on the central coast. Data needs to
evaluate achievement of policy objectives were identified, a geographic information
system (GIS) was developed that incorporated this data on a tax lot by tax lot basis,
and the data were collected and entered into the GIS. A set of queries related to the
policy objectives were developed and performed. The result is an assessment of
how well key policy objectives in Oregon's shore protection and land use laws were
achieved in this largely developed area of the coast.

Policy Evaluation Results and Conclusions. The shoreline in the Siletz
littoral cell is being gradually hardened with shore protection structures (SPSs),
mostly large riprap revetments and low concrete seawalls (Figure 1). Of the 14 miles
of beachfront shoreline, 6.8 miles (49 percent) have seawalls or revetments in
stalled. Figure 1 also shows a clear relationship between SPS construction activity
and the periodic El Nifios that bring short-term elevated sea levels, major storms,
and erosion. Because strong or very strong El Nifios occur on average every 8.5
years (Quinn et al., 1987), these severe erosion episodes and the gradual armoring
of developed coastlines are likely to continue under present management. Another
important finding is that a major source of sand supply for this littoral cell—eroding
sea cliffs—is gradually being "locked up" by SPS installed to prevent erosion (Figure
2). The SPSs installed along sea cliffs have already "locked up" 39 percent of the
potentially-available sand supply produced by gradual erosion. Given the prospect of
continued erosion episodes associated with El Nifios and the specter of long-term
accelerated sea level rise along this stretch of coast, a scenario for gradual
narrowing and loss of an important recreational beach can be easily constructed.
Thus, while individual SPSs have little effect on the beach, their cumulative effects
may be significant.

Another conclusion is that the demand for SPSs is being driven mainly by
shortsighted oceanfront development practices that are continuing despite a
seemingly sound management framework. One clear example has to do with
compliance with setback regulations. To take advantage of the view, oceanfront
property owners want to locate as close as possible to foredune or sea cliff edge.
Construction setbacks in local ordinances, based on bluff height and erosion rate,
often place a house too far landward to take maximum advantage of the site's view,
or in some cases, make the lot unbuildable. To overcome these limitations, property
owners hire a geologist and/or engineer to evaluate the site. Almost uniformly, the
consultants recommend smaller setbacks than the erosion rate would suggest so
that the house can be built in a more desirable location. These site reports are
routinely approved by local governments. For the study area littoral cell, the results
of this practice are detailed in Table 2. Where required setbacks have been
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encroached upon, 40 percent of the unprotected properties subsequently required
SPSs; where the plan setback was followed, no SPSs have been needed.

The study also concluded that there are significant gaps, overlaps and
inconsistencies in state and local policy for hazards management. The clearest
example of this is in the SPS regulatory program at the state level. The State Parks
and Recreation Department (SPRD) manages the beach as a state recreation area,
but only regulates structures west of a designated zone line that was surveyed in
1967. Because there have been substantial changes along the shore since that time,
many property owners install seawalls or revetments without coming under SPRD
jurisdiction. But they may fall under the jurisdiction of the other state regulator of
SPSs, the Division of State Lands (DSL). DSL is not limited by this line; they
regulate to the highest measured tide or the vegetation line. However, because their
jurisdiction is based on the amount of material used in the structure, most concrete
seawalls and some small revetments are not regulated by DSL. Thus, in some
cases, SPSs are regulated only by local government, most of whom are even less
well-equipped to evaluate alternatives, need and effects. Such gaps and overlaps in
policy could be easily corrected.

Other policy shortcomings relate to the new scientific findings noted earlier,
such as the potential for large earthquakes and long-term sea level rise. These also
need to be addressed in efforts to reduce the potential impacts of natural hazards on
the coast.

Policy Evaluation Recommendations. Results of the policy evaluation study
and recent scientific findings suggest a need for a comprehensive review and
overhaul of coastal natural hazards policy in Oregon. Specific recommendations
from the study are listed below:

Establish a broad-based policy working group to identify hazard issues not
being addressed and develop appropriate policy recommendations;

Establish an all-hazards mapping program: examine erosion-accretion stability
of beaches and adjacent uplands; Identify high risk areas for earthquakes; and
evaluate tsunami runup associated with large subduction zone earthquakes;

Require littoral cell management plans for selected areas to better link beach
and upland development management; employ a special area management
planning process;

Establish a coast-wide oceanfront subdivision rule that requires lot depths
consistent with hazards and other construction setback needs;

Establish a statewide, formula-based construction setback taking into account
all relevant hazards at the site;

Establish statewide standards and peer review for geotechnical site reports;

Eliminate gaps and overlaps in state and local SPS regulatory programs;
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Promote alternatives to hard SPSs, such as dune building and stabilization,
upland structure relocation, and soft structures; require these or other
alternatives where feasible;

Eliminate state and local public development incentives in hazard areas using
an approach similar to the federal Coastal Barrier Resources Act;

Establish a continuing education program for the public, professionals, and local
officials on coastal natural hazards and their effective management; and

Develop and implement non-regulatory approaches to reduce the coastal
hazards.

Coastal Natural Hazards Policy Working Group

The combination of the factors discussed above—new scientific and

technical information on hazards, growing development pressures in hazardous
coastal areas, and weaknesses in present hazard mitigation policies and their
implementation—pointed to the need for a comprehensive review and overhaul of
beach protection and hazard mitigation policies. The need for such a review was
also one of the conclusions of the participants in the conference Coastal Natural
Hazards: Science Engineering, and Public Policy, conducted Oct. 1-3, 1991, in
Newport, Ore.

In response to this need, and as an outgrowth of the coastal hazards
conference, Oregon has established a Coastal Natural Hazards Policy Working
Group (PWG). The PWG had its initial meeting in March 1992 and expects to
continue its work with monthly workshops until completion in a year or more. The
20-member group represents a range of "stakeholders" with different perspectives
and interests—oceanfront property owners, builders, consultants, local officials and
planners, state and federal regulators and resource managers, environmentalists,
educators, and others. It is supported by a team from Sea Grant and the Extension
Service at Oregon State University, staff from the Oregon Coastal Management
Program, and a Technical Advisory Committee. Using an interest-based problem-
solving approach, the PWG will examine what is known about the different classes
of hazards and how they do or might affect the coast, and develop and recommend
improved strategies and policies for hazards reduction. The group will work in the
context of present legislative goals—to protect life, property, and the scenic and
recreational values of the ocean shore—but not be limited by them. The PWG will
be seeking effective, efficient, and equitable solutions that are technically sound and
acceptable to all stakeholders. Using consensus-building and other group processes,
the PWG will define the issues and problems that need to be addressed; formulate
and evaluate alternative solutions; and recommend preferred alternatives to solve
identified problems.

Defining the Issues and Needs. One of the principal goals of the coastal
hazard conference was to present the results of a decade or more of scientific and
engineering research on coastal hazards and to discuss its implications for public
policy and management. At the close of the meeting, more than 100 of the con
ference participants joined 10 focus groups to present their views and suggest
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priorities about research needs, policy implications of recent research, policy
implementation issues, and possible solutions. One purpose for this exercise was to
develop an initial list of ideas for the proposed PWG.

Using the technical, policy and focus group information generated at the
conference, along with additional technical assistance, the PWG will define the
issues and problems. Creativity and new thinking in definition of problems will be
encouraged; in part, this will be stimulated by the diversity of interests represented
within the PWG, and in part by the process facilitated by the OSU Extension
Service.

Formulating and Evaluating Alternatives. At this stage of the process, the
PWG will develop alternative solutions to identified policy problems, estimate the
feasibility of alternative solutions, and estimate what might happen once proposed
solutions are implemented. Alternatives identification will begin with an inventory of
current policy efforts addressing similar problems in other regions. A wide variety of
approaches, leverage points and combinations of approaches will be examined.
Evaluating the feasibility of policy alternatives will at a minimum include assessments
of fiscal and human resource requirements; the complexity of the processes
necessary to implement and maintain the policy; and the magnitude of change
required of established organizations. Questions of efficiency, effectiveness and
fairness will also be dealt with. Finally, forecasts or estimates of the potential
impacts ofeach policy alternative will be made. Quantitative estimates will be sought
where possible, but expert opinion willalso be used.

Recommending Preferred Alternatives. Based on the PWG's evaluation of
policy alternatives, they will recommend preferred policy alternatives or combinations
of approaches to solve identified problems. These will be forwarded to appropriate
legislative or administrative bodies for consideration.
In conclusion, the Oregon coast is affected by a variety of natural hazards—chronic
erosion, landslides, flooding and potentially catastrophic earthquakes and tsunamis.
Hazard mitigation at the state level is accomplished through state-mandated, locally-
implemented land use planning and development policy, and state regulatory
programs for shore protection. Hazards policy implementation is generally
ineffective, particularly with respectto the cumulative effects of hardshore protection
structures. Shortsighted land development policies are driving the demand for hard
shore protection. Furthermore, present polices do not address the potential impacts
of accelerated sea level riseexpected nextcentury or the very real threat of a major
subduction zone earthquake and related hazards. To deal with these implementation
shortcomings and unaddressed hazards, Oregon Sea Grant and state coastal
managers have organized a Coastal Natural Hazards Policy Working Group. The
PWG represents a broad range of interests, and is using an all-hazards approach to
build consensus and develop recommendations for improved hazards mitigation
policy.
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FederalGovernment
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FederalEmergencyManagement
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erosion
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StateGovernment
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Goal7:NaturalHazards
Goal17:CoastalShorelands
Goal18:BeachesandDunes

StateBuildingCodeAgency

BeachLaw:regulatesshorepro
tectionstructure

Removal/FillLaw:regulates
revetmentsandfill

EmergencyManagementDivision:
disasterresponseandplanning

LocalGovernment

LocalComprehensivePlan(LCP):
hazardsinventory

State-approvedLCPwithnatural
hazards,shorelands,beachesand
duneselements;localsubdivision,
zoningandflooddamagepreven
tionordinances

Localbuildingcodeadministration:
city/county

LCPanddevelopmentordinances
(provisionsvary)

Countyemergencyservices



Table 2. Construction setback compliance and subsequent need for shore protection
structures, Siletz Littoral Cell, 1977-1991.

Lots Developed SPS Needed Later

Setback Encroached' 58 23 (40%)

Setback Followed 6 0

' Averageconstruction setback encroachment was 56 feet.
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Figure 1. Cumulative length of shore protection, Siletz Littoral Cell.
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Figure 2. Cumulative sand supply loss from bluffsdue to shore protection, Siletz Littoral Cell (low
rate).
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ACCELERATED SEA LEVEL RISE AND MARYLAND'S COAST:

ADDRESSING THE COASTAL HAZARDS ISSUE
Vincent Pito Jr.

Maryland Department of Natural Resources

INTRODUCTION

Coastal hazards are a significant concern in the state of Maryland due to
the state's extensive shoreline development and abundant natural coastal resources.
The coastal zone of Maryland is currently at risk from the following hazards: shore
erosion, inundation, flooding, hurricanes, northeasters, storm surge, subsidence and
sea level rise. Since the creation of the Coastal Zone Management Program in
1978, Maryland's state and local governments have made a unified effort to reduce
the damage from coastal hazards. To address shore erosion concerns the state
developed the Atlantic Coast Beach Erosion Control District Act, the Ocean Beach
Nourishment Project, and the Shore Erosion Control Program (SECP). The SECP
provides both structural and non-structural shore erosion control devices. To reduce
flooding hazards the state has created the Comprehensive Flood Management Grant
Program, the Waterways Permit Program and a Hurricane Evacuation Project. All
coastal communities in Maryland are part of the National Flood Insurance Program.
Maryland's Chesapeake Bay Critical Areas Program and the Federal Coastal
Barriers Resource Act incidentally plan for most coastal hazards by managing land
use along the coast. This analysis describes Maryland's present coastal hazards and
management activities designed to mitigate them.

Accelerated sea level rise due to global warming caused by the greenhouse
effect will intensify all of Maryland's coastal hazards. The state of Maryland has
established programs and promotes education with the intent to mitigate most
coastal hazards. Despite these programs, the state may not be prepared for higher
sea levels induced by global warming. An expected increase in the state's coastal
population will augment the problem. Also included is a discussion of some possible
strategies to prepare for higher sea levels: strategic retreat option, the Public Trust
Doctrine, public education and increased communication with scientists.

CHARACTERIZATION OF COASTAL HAZARDS

Shore Erosion

Shore erosion is a serious concern along Maryland's exposed Atlantic
coastline. Historical shoreline mapping analysis reveals that Maryland's entire
Atlantic barrier island coastline has been eroding at an average rate of 2 feet per
year (Leatherman, 1987). Prior to the state's beach replenishment project in 1986,
shore erosion at Ocean City had reduced the beach to a narrow width.

Critical erosion rates of 12 m/yr (39.36 ft/yr) are occurring at the northern
section of Assateague Island. This high rate is due to a lack of sediment input from
the littoral sediment system. The Ocean City inlet jetties may be responsible for this
blockage. A sand bypass system has not been considered due to prohibitively high
costs associated with such a project. It is estimated that by the year 2020 the
northern part of Assateague island will be lost due to shore erosion. A major storm
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may breach the island at any time causing increased coastal hazard problems at the
Ocean City airport, housing developments and marinas (Leatherman, 1987;
Maurmeyer and Leatherman, 1989; Weaver and Hayes, 1989). The national and
state park systems have not developed a long-term management strategy for this
area.

Shore erosion has historically been a major problem in the Chesapeake
Bay (the Bay). In the last 100 years, 25,000 acres of shoreline have been lost in
Maryland due to shore erosion. Annually, 325 acres of land are lost in Maryland due
to shore erosion (COE, 1990).

One area of particular concern is the Calvert Cliffs shoreline along the
developed western rim of the Bay. Bluff erosion rates average 7.5 ft/yr in this area
(Wilcock et al., 1992). Bluff erosion is occurring due to a combination of shore
erosion and groundwater seepage along the cliff slope. Methods of controlling
slumping of the bluff due to groundwater seepage are nonexistent at present.

COE (1990) estimates that 11 million cubic yards of shoreline material is
deposited in the Bay yearly as a result of shore erosion. Shore erosion benefits
downstream beaches by providing necessary material for the littoral transport
system. But material eroded from shorelines that ends up as suspended sediment in
the Bay causes a variety of problems. Suspended sediment decreases water clarity
which impacts animal and plant life by blocking out sunlight. Suspended sediment
may also settle on highlysensitive shellfish zones, smothering oyster beds (Kearney
and Stevenson, 1991). Sediment eroded irom the Bay shorelines may contain high
amounts of nitrogen and phosphorous which contribute to a reduction of oxygen in
bottom waters. Low oxygen causes stress and possibly death to aquatic species
(Fischer and Doyle, 1987). Increased dredging may be required as sediment
deposits in navigation channels.

Flooding, Hurricanes, Northeasters and Storm Surge

Maryland's coastal areas are at risk from flooding caused by hurricanes,
northeasters and storm surge. Northeasters can occur from September to May and
hurricanes from June to November. Storm surge, large wind induced waves, can
reach heights of 20 ft and sweep far inland causing massive damage.

Along Maryland's Atlantic coastline, flooding is a serious concern due to
extensive development and relatively low topographical elevation. For example,
much of Worcester County, including Fenwick Island's 8.9 mile urban coastline, is
primarily below 2 m (6.5 ft) mean sea level, less than the 100 year storm elevation.
Atlantic coastal storms with strong winds increase flooding by pushing ocean waters
towards the mainland, filling the coastal bays, reducing the hydraulic head effect that
occurs during gravity drainage. Major storms have occurred periodically at the
Atlantic coast. The most famous storm was the 1962 Easter Sunday northeaster
storm that occurred during spring high tide. It caused catastrophic damage to all of
Ocean City and the back bay mainland coast (Fehrer, 1990). The problem is
compounded by increased community development in this area and a lull in major
storm activity in the last 20 years.

The Bay's characteristic coastline of low elevation and large tracts of urban
population remains highly vulnerable to flooding during large storms. The Eastern
Shore of the Bay is the most vulnerable area to flooding because large sections lie
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below 3 m (10 ft) mean sea level. Storm surge and large wind-induced waves can
reach heights of 6.5 m (20 ft) and sweep far inland causing massive damage. The
Eastern Shore's large tracks of submerged aquatic vegetation, wetlands and
associated animal life are also especially vulnerable to storm waves and temporary
salinity changes caused by large storms.

The location of many large metropolitan areas, residential housing tracts
and marine-related industries along the western bay shoreline makes it difficult to
reduce flooding hazards in this area. A 1933 hurricane was responsible for the
highest storm surge on record in the Bay: 9.6, 8.2 and 7.3 feet above mean sea
level were recorded at tide gauges at Washington, D.C., Baltimore and mid-Bay,
respectively. Extensive flooding as well as severe shore erosion due to large wind
induced waves occurred (COE, 1990). In 1972, hurricane Agnes caused extensive
flooding in the Bay's tributaries resulting in hundreds of millions of dollars worth of
damage.

Inundation

Tide gauge data indicate that the sea level along Maryland's Atlantic and
Chesapeake Bay shorelines has been rising at a rate of 3 to 4 mm/yr in the past
century (Kearney and Stevenson, 1991). As waters rise along Maryland's coast, land
adjacent to the coast becomes inundated. Inundation due to relative sea level rise
claims more land in the overall erosion process. As land becomes inundated its
economic value is depleted; coastal property is the most expensive property in the
state (Giese and Aubrey, 1987).

Inundation is especially significant in tidally connected wetland and
unprotected developed areas. Wetlands have two options to keep pace with
inundation: trap enough organic and inorganic sediment, a process called accretion,
or migrate landward as upland terrain becomes submerged (Kearney and
Stevenson, 1985). The problem is especially serious at the wetlands of the Bay's
Eastern Shore. Shore erosion rates greater than 8 ft/yr have been observed in this
area. At the Blackwater National Wildlife Refuge in Dorchester County, wetland loss
due to inundation has been recorded since 1938. Inundation is occurring here
because marsh accretion rates average between 1.7-3.6 mm/yr, less than the 3.8
mm/yr recorded relative sea level rise in the Chesapeake Bay (Stevenson, et al.,
1985).

The loss of tidal wetlands due to inundation will preclude a loss of natural
shore erosion control, flood energy mitigation and near-shore stabilization. In the Bay
many types of finfish, shellfish and aquatic fowl colonies are threatened from
wetland loss. Ultimately, man will be affected; it is estimated that 78 percent of the
commercial fish catch are estuarine dependent species (Bigford, 1991).

As sea level rises, wetlands naturally migrate landward to take advantage
of the newly inundated upland terrain. If the land just above the wetland is
developed, steeply sloped or bulkheaded, the wetland may be squeezed out of
existence or observe a significant loss of total wetland area (Weaver and Hayes,
1989; Titus, 1991). Concern exists because 96 percent of the coast in Maryland is
privately owned.
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Subsidence

Subsidence of the coast induces inundation of the shoreline which causes
an increase in most coastal hazards (i.e., active erosion and flooding). The subsi
dence rate in Maryland averages between 1.6 and 2.0 mm/yr (Kearney and Stev
enson, 1991).

It is hypothesized that three factors are responsible for land subsidence in
Maryland: compaction of the Atlantic coastal aquifer due to massive groundwater
withdrawal; isostatic submergence of the shoreline caused by heavy river and
shoreline sediment loading in the Chesapeake Bay (Kearney and Stevenson, 1991);
and isostatic submergence of the Atlantic coastal plain due to a realignment of the
Earth's crust following the disappearance of the Wisconsinin glaciers, 5,000 years
before the present (Davis, 1987). The relative contribution of each of these effects
on land subsidence in Maryland is undetermined. Significant groundwater withdrawal
occurs due to urban, industrial and agricultural operations. The 800 million metric
tons of sediment that have settled into the Bay over the last century is believed to
be partly responsible for submergence of the shoreline (COE, 1990).

EXISTING MITIGATION PROGRAMS

Shore Erosion Mitigation Programs

Atlantic Coast Beach Erosion Control District Act The state established the
Atlantic Coast Beach Erosion Control District Act to reduce development on areas
seaward of the existing natural primary dune along the Atlantic Coast. This Act
forbids land clearing, construction activities, or the construction or placement of
permanent structures like bulkheads or seawalls in the Beach Erosion Control
District (BECD). The BECD is generally the beach area east of the crest of the
existing natural dune. In Ocean City, the boundary is a mutually approved state-
Ocean City building limit line.

Ocean City Beach Renourishment Project By the mid 1980s chronic
erosion had reduced the beach at Ocean City to a critical narrow width. Many high-
risebuildings werevulnerable to active shore erosion and flooding during storms. To
reduce these hazards, the state of Maryland prepared a beach renourishment
project by the authority of the Ocean Beach Replenishment Act.

Because of the tremendous economic investment at Ocean City, the option
of relocation was not judgedto be appropriate. Beach renourishment was considered
the best option to control coastal hazards at Ocean City because it ameliorates
active erosion, protects the city from storm waves and surges, and maintains public
and private property. Beach nourishment also significantly increases the amount of
beach area for recreational uses (Klarin and Hershman, 1990a; Maurmeyer and
Leatherman, 1989).

The Department of Natural Resources' Shore Erosion Control Program
(SECP) is the legal authority responsible for the beach renourishment program. The
SECP contracted the Army Corps of Engineers (COE) in 1988 to direct the $60
million, two-phase beach-nourishment project. During the first phase the COE placed
2.3 million cubic yards of sand to widen the beach between 100 and 165 feet. The
second phase began in spring 1990 and is expected to be completed by the end of
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1992. It entails the construction of a steel bulkhead along the length of the
boardwalk and a 15-foot-high vegetated dune along the remainder of the beach.
Maintenance projects in the form of surveys and renewed sand placement (where
needed) are planned every two years (Maurmeyer and Leatherman, 1989;
Leatherman, 1988).

Three recent Atlantic Ocean northeasters (October and November 1991
and January 1992) tested the effectiveness of the replenishment project. Although
the newly constructed dunes reduced the flooding damages to shoreline develop
ment, significant dune areas were completely flattened. The storms also destroyed
some newly constructed sand fencing and grasses. A preliminary assessment of
shore erosion indicates that sand was displaced to the near-shore zone and along
the beach. The COE is presently preparing an official assessment of the damage.

Shore Erosion Control Program (SECP). The SECP provides interest-free
loans and technical assistance to coastal property owners and local governments
who are experiencing shore erosion problems. Both structural and non-structural
assistance may be provided depending on the feasibility and affect on the natural
environment. Structural erosion control methods include the use of bulkheads and

rip-rap revetments and are only provided to those shorelines with erosion rates
greater than 2 ft/yr. The program gives priority to shorelines with houses or other
development threatened by shore erosion.

Non-Structural Shore Erosion Program (NSSEP). The NSSEP provides 50
percent matching funds to property owners and local governments for the placement
of non-structural erosion control measures, primarily grass or wetland planting, in
non-critical eroding areas. The program applies to those properties with less than 3/4
of a mile of fetch and with existing tidal marsh vegetation within 500 feet of the
shoreline.

Calvert Cliffs Slope Erosion Project The stale is attempting to determine
the role of sea level rise, wave action and groundwater seepage in the ongoing
shoreline loss in the Chesapeake Bay region. The state, in conjunction with the
Johns Hopkins University, is studying the reasons for bank failure and resulting loss
of shoreline in the Calvert Cliffs area. Groundwater porosity, seepage rates, wave
action and wave levels will be monitored and analyzed at four sites to develop a
slope stability model for bluff areas. This information can then be used to determine
appropriate management measures to address the causes of bluff erosion at this
and similar areas located along the Chesapeake Bay.

Flood Hazard Mitigation Programs

Hurricane Evacuation Program (HEP). The Water Resources Administration
(WRA) and other state agencies participated in the development of the HEP, which
was completed by the COE in 1991. The HEP assists local governments in
preparing evacuation plans and provides techniques for public education. The HEP
includes a hazards, vulnerability, behavioral and transportation analysis for all of
Maryland's coastal counties. Coastal county inundation maps were created to
identify areas subject to hurricane hazards for four different degrees of storm
severity.

Comprehensive Flood Management Grant Program (CFMGP). The CFMGP
administered by the WRA provides 100 percent funding for watershed studies that
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define flood magnitudes and frequencies, floodplain boundaries and mitigation
strategies. Fourteen coastal watershed studies, including one tidal flooding study,
have been undertaken since 1984.

The CFMGP also provides 50 percent matching funds for flood hazard
reduction projects. Typical capital projects include land acquisition, removal of flood-
damaged or flood-prone structures (particularly residential homes), construction of
tidal flood gates, establishment of automated flood warning systems, and
construction of levees and detention/flood control structures. Preference is given to
projects which involve the removal of structures in flood hazard zones. The towns of
North Beach and Chesapeake Beach in Calvert County have received funding for
such projects.

National Flood Insurance Program (NFIP). The NFIP provides flood insur
ance to participating communities who adopt flood management ordinances
restricting development in flood hazard areas. The WRA is designated as the state
coordinating office for the NFIP. The WRA provides assistance to local permitting
officials in the application of a flood ordinance. WRA also performs periodic
evaluation visits to assure the NFIP that communities are adequately administering
the regulations of the program. All of Maryland's coastal counties and towns are
participating in the NFIP.

A Community Rating System was established in 1991 to encourage insured
communities to provide services that go beyond the basic NFIP goals. Communities
are rated by their programs' ability to reduce flood losses, facilitate accurate
insurance ratings, and promote the awareness of flood insurance. Citizens of
communities that are part of the system enjoy a discount on the cost of federal flood
insurance. Most local governments in Maryland have established flood hazard
management programs which exceed NFIP standards.

Waterways Permit Program (WPP). The WPP was created to reduce
flooding and flood hazards on streams with a drainage area greater than 400 acres.
The primary objective of the program is to avoid increased flooding and related
hazards as a result of new floodplain activities. A secondary objective is to assure
that projects do not adversely impactenvironmental quality of streams and wetlands.
Any activityaltering the course, current flow or cross-section of a non-tidal stream or
its 100-year floodplain is required to obtain a permit from the Water Resources
Administration. The maintenance of roads, bridges, culverts and other stream
crossing structures are the primary types of activities that are given permits.
Structures in floodplains are required to be physically elevated and are generally
discouraged.

Other Mitigation Programs

The Chesapeake Bay Critical Area Act (CBCAA). In 1984 the state enacted
the CBCAA to manage development around the Chesapeake Bay. Wise manage
ment of the Bay shoreline provides an opportunity to reduce coastal communities
exposure to coastal hazards. The CBCAA establishes a program to manage land
use in a 1,000-foot strip adjacent to the Chesapeake Bay and its tidal tributaries.

The CBCAA assists in controlling erosion around the Bay shoreline by
establishing a 100-footno-development buffer zone adjacent to the Chesapeake Bay
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and its tidal tributaries and encouraging the use of vegetative shoreline stabilization
methods.

The Federal Coastal Barriers Resource Act (FCBRA). The FCBRA of 1982
was established to prohibit flood insurance and funding for new infrastructure that
would support new development on undeveloped barrier islands. It established a
Coastal Barrier Resource System (CBRS) along the Atlantic and Gulf coasts.

The Coastal Barrier Improvement Act of 1990 amends the FCBRA. It
increases the amount of land in the CBRS including approximately 50 small areas
and islands in the Chesapeake Bay.

ACCELERATED SEA LEVEL RISE

Global warming is expected to raise eustatic sea level by causing polar and
alpine ice masses to melt and concurrently prompting thermal expansion of the
upper layers of the ocean's waters (Hoffman et al., 1983). Accelerated eustatic sea
level rise will affect all shorelines and exacerbate most coastal hazards
(Shakespeare, 1991; Klarin and Hershman, 1990A; Klarin and Hershman, 1990B;
Titus, et al., 1991; Titus, 1986; Gomitz, et al., 1991; Weaver and Hayes, 1989). For
example, shorelines will retreat through increased erosion and inundation of barrier
beaches, islands and bluff environments. Many areas in the coastal zone are rapidly
developing, exposing an even larger population to coastal hazards, compounding the
problem.

Global warming may also increase the severity and frequency of tropical
storms. As erosion and storms increase, flooding of coastal areas will occur more
often (Braatz and Aubrey, 1987). Increased erosion will also affect the recreation
and tourism industry (Jansen, 1990).

If the sea level rises significantly in the future, saltwater intrusion will occur
in freshwater bays, rivers and aquifers (Braatz and Aubrey, 1987). Saltwater intru
sion will be most detrimental in the Chesapeake Bay where it will adversely affect
coastal aquifers and cause changes in fish and plant populations. In coastal aquifers
it will degrade potable municipal water supplies. In addition, saltwater intrusion will
help spread the fatal mussel diseases Dermo and MSX in the Chesapeake Bay.
Loss of oyster populations in the Chesapeake Bay due to these diseases has been
observed for the past 40 years (Kennedy, 1991).

Addressing the Impact of Sea Level Rise

The state sees a need to determine the effects of a number of realistic sea
level rise scenarios on its coasts so it can direct development and redevelopment
away from areas vulnerable to inundation, determine setback standards as they
relate to sea level rise and preserve tidal wetlands. Sea level rise scenarios will help
the state evaluate, among other things, the adequacy of the Critical Areas Program
(100-foot buffer) and if additional land use measures are needed along the Atlantic
mainland coast.

The state of Maryland's Coastal Resources Division has contracted the
University of Maryland's Laboratory for Coastal Research (LCR) to examine the
effects of sea level rise on Maryland's mainland back bay shores. The study areas
includes the landward shore of Isle of Wight Bay and part of Assawoman Bay. The
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LCR will identify the amount of wetland and upland area lost, and the associated
costs for four realistic scenarios of sealevel rise (0.36m, 0.54m, 0.89m and 1.33m
total rise above present sea level) for three years, 2020, 2050, and 2100. The LCR
will determine present and predicted erosion patterns caused by accelerated sea
level rise and develop a range of practical erosion mitigation approaches that
incorporate management of future development and preservation of natural coastal
wetlands.

POSSIBLE MITIGATION METHODS TO PREPARE FOR HIGHER SEA LEVEL

If the rate of sea level rise increases due to global warming caused by the
greenhouse effect, exacerbation of all coastal hazards will occur. One of the most
effective methods to safeguard coastal populations and resources from coastal
hazards is to implement a strategic retreat option. Many of the strategic retreat
options either partially or entirely exist within the state, including setback standards,
economic incentives, building design standards, development restrictions, buffer
zones and lease restrictions. Concurrent with a strategic retreat option, the state
should consider incorporating the Public Trust Doctrine into its Coastal Zone
Management Program. The Public Trust Doctrine has the potential to discourage or
prevent regulatory "claims" by private coastal landowners and would increase the
flexibility of the Coastal Zone Management Program to address the full range of
current and emerging public interests.

Safeguarding coastal populations and resources from coastal hazards is
also possible through coastal engineering projects, public education, and research
and communication within the scientific community. Public education programs are in
need of revision and expansion to include newer techniques. Research and
monitoring of scientific studies is warranted due to uncertainties with sea level rise,
land subsidence, global warming and climate change parameters.

The Strategic Retreat Option

The strategic retreat option (withdrawing development as the sea
approaches) is the preferred policy alternative of most Coastal Zone Management
Programs and may prove to be the most effective method to reduce many coastal
hazards in Maryland (Klarin and Hershman, 1990a). The strategic retreat option will
require strengthening existing programs as well as creating new efforts to control
coastal hazards. It could be implemented by a number of methods including setback
standards, economic incentives, building design standards, development restrictions
and lease restrictions.

Setback Standards. Setback standards are an attempt to limit development
in high hazard zones while still adhering to a sea level rise policy. Setback standards
would guarantee a reduced loss of property and human life during hazardous
weather as well as provide an effective wetland migration zone as sea level rises.
Setback standards can be based on historical erosion rates and/or zoning
restrictions and are established with the intent of limiting development size and
density. Setback standards based on periodic mapping are beneficial because they
ensure changes to be implemented with time.
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An indication of the exact location of all shorelines and their past and
present shore erosion rate is needed in order to develop accurate setback
standards. The state of Maryland has contracted the Maryland Geological Survey to
computerize and update the historic shoreline and erosion rate maps developed in
the 1970s. The maps will be updated using orthophoto quads based upon 1988-89
photography produced bythe National Aerial Photography Project.

Economic Incentives to Reduce Development In High Hazard Zones. Eco
nomic incentives and disincentives can prove to be a powerful method to control
development in high hazard zones. One of the mostsignificant economic methodsto
reduce development in high hazard coastal zones would be to remove subsidized
insurance and loans provided by the state and federal government. By eliminating
subsidized insurance, coastal homeowners in high hazard zones would be
economically responsible for losses due to coastal hazards. Suspending loans to
developers orcoastal homeowners would reduce development incentives along the
coast.

Building Design Standards. New structural design standards that
incorporate the possibility of coastal hazards including sea level rise should be
required for new homes located in high hazard zones. The structural design of
buildings, drainage and flood control systems as well as considering movability of
structures can allbe new requirements for development in coastal zones.

Building design standards may also address the occasional adverse
environmental effects caused bycoastal development. For example, in certain cases
development increases salt water intrusion into an area. Design standards could be
amended to require developers to determine their developments effect on ground
water orother coastal resources. If a problem exists the developer would be require
to amend the situation.

Development Restrictions. In certain limited areas, coastal hazards are
significantly large. By restricting development in certain hazardous, zones, coastal
development is ata reduced risk during periods of unusual weather. Redevelopment
restrictions could also apply to coastal homeowners whose structures are destroyed
during inclement weather.

Lease Restrictions. Coastal property under long-term lease should be
terminated. Existing property could be bought and leased under certain conditions.
For example, if sea level rises enough to inundate a leased structure, the occupants
would then be required to leave the premises. Property that isdamaged by flooding
or inundation could be retained by the stateorfederal government onthe premise of
creating open space zones.

The Public Trust Doctrine

In order to address coastal environmental problems and to expand
management and protection ofcoastal waters the state should investigate the utility
of incorporating the Public Trust Doctrine (PTD) into its Coastal Zone Management
Program (CZMP). The PTD gives title to all tide waters and "navigable waters," the
lands beneath these waters up to the "high mean water line," to the state as a trust
for the citizens of the state. The PTD is a natural tool for protecting the "existing
uses" of coastal resources, because itprotects the public's right to access and use
ofpublic trust lands and waters (Kelly and Slade, 1991).
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The benefits of the PTD are: "increased flexibility of the coastal program
policies to address the full range of current and emerging public interests; buttressed
enforceability of these policies against challenges based on unconstitutional "takings"
claims; and required consistency of federal agency activities to act consistently with
a state's PTD as incorporated into its approved CZMP"(Kellyand Slade, 1991).

Two steps are required to incorporate the PTD into the state's CZMP:
conduct an in-depth, detailed and comprehensive examination of the status of the
PTD in the state; and submit amendments to a state's CZMA that incorporates the
PTD into its enforceable policies (Kellyand Slade, 1991).

Engineering Methods to Reduce Coastal Hazards

Fluidized Sand Bypassing and Beachface Dewatering. Many shorelines
downdrift of jetties are experiencing sand starvation due to a blockage of the long
shore sediment transport. The Ocean City inlet, for example, blocks the southern
movement of long shore sediment transport causing sand accretion at the southern
end of Fenwick Island (Ocean City) and sand starvation at the northern section of
Assateague Island. Currently, Assateague Island is eroding at a rate greater then 10
ft/yr and its width has decreased significantly. As a consequence, the mainland area
directly behind the northern section of Assateague Island experiences severe
flooding and erosion during large storms.

Fluidized sand bypassing and beachface dewatering, new technologies in
the field of coastal engineering, may be able to mitigate this and related problems.
Fluidized sand bypassing is a process where sand and water are equally mixed and
then pumped to a suitable or desired location. When equal amounts of sand and
water are mixed the result is a sand-slurry that will flow down a slight grade and is
pumpable for significant distances (Parks, 1991). This fluidized sand bypassing
technique could be applied to solve the sand starvation caused by the Ocean City
inlet jetties. Sand can be removed from sources below the inlet and pumped onto
the shore at northern Assateague Island.

Beachface dewatering is a process where water is pumped out of a beach
to allow a wave runup to "soak in," allowing part of its load of suspended sand to
remain on the beach. After multiple wave runups the result is sand accretion and
beach widening. Although both methodsdepend on buried pipes, a new "self-burial"
technique that reduces costs has been developed and tested (Parks, 1991). The
beachface dewatering technique could be applied to any sandy shoreline experienc
ing severe erosion.

Shore Erosion Devices. Hard structural shore erosion devices should be
restricted especially in critical environmental areas like beaches, dunes and
wetlands. Soft structural erosion control programs, like grass and wetland plantings,
should be established. Resedimentation, restoration and impoundment programs
should be given funding and more priority.

Beach Renourishment Programs. Beach renourishment programs have
been given priority in certain areas because they aid in the mitigation of shore
erosion yet maintain public and private property. Most renourishment programs have
been undertaken in areas where a high economic risk exists due to shore erosion,
flooding and other coastal hazards. Additional research is needed to determine if
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beach renourishment is cost effective and if natural resources are harmed in the

process of sand placement along the coast.

Public Education

Government policies concerning the mitigation of coastal hazards will need the
strong support of state citizens to be successful. Currently, many citizens of
Maryland are unaware of the issues, problems, and potential impacts of coastal
hazards. A public education program must communicate precise and objective
information about coastal hazards and its ramifications as well as appropriate steps
that can be taken to mitigate the problems of coastal hazards. Effective educational
programs that are long-term, interdisciplinary, well coordinated, proactive, research-
based and multi-faceted for both formal and informal settings are necessary
(Spranger, 1990).

Public education should instill a broad understanding of the issues as well
as provide technical data on individual subjects where needed. Schools need the
latest scientific findings to educate students about the issues of coastal hazards.
Adults can be taught of the dangers of coastal hazards through informal public
debate or higher education programs. Adult education should stress individual
responsibility as well as methods to become involved in managing the coastal areas.

Many coastal hazards mitigation programs within the state offer information
to the public about their services. The material available is usually in the form of
pamphlets or posters, but technical information on a personal level is also available.
The Coastal Zone Management Program needs to expanded its visibility to all
citizens of the state. The public needs to be informed that they can provide input
that can be used to guide the management of coastal areas. Public forums (i.e.,
Committee to Preserve Assateague Island) and committees (i.e., Coastal Resources
Advisory Committee) meet on a regular basis and provide a forum for interested
parties to express their desires concerning coastal management. Many programs
exist and are designed to inform and involve citizens about many issues affecting
the Chesapeake Bay and the Atlantic Coast, such as CoastWeeks, Bay Feast, the
National Estuarine Research Reserve, Chesapeake Bay Communication Plan and
local government workshops. These programs should be expanded and additional
funds and technical training must be implemented to increase their effectiveness.

Many options are available to increase public education within the state.
Educational films, promotional ads and mass mailings of one page fact sheets
concerning coastal hazards issues is an effective method to educate the public and
to increase the visibility of the Coastal Zone Management Program. The develop
ment of additional educational activities would increase the effectiveness of the

state's coastal hazard programs.

Scientific Uncertainty

Reduce Uncertainty with Sea Level Rise Rates. An effective coastal
hazards strategy requires accurate rates of sea level rise. Because data on regional
sea level rise are not always available or accurate, creating policies concerning sea
level rise without general baseline data is unjustifiable (Klarin and Hershman, 1990).
The state should prepare an accurate database of sea level records from Maryland's
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tide gauge stations. The data should be examined periodically todetermine trends in
sea level rise.

In spite ofscientific uncertainty regarding accelerated sea level rise due to
thegreenhouse effect, planners must be aware of the present rate of sea level rise if
changes in sea level are occurring. Tide gauge data analysis can provide an
excellent examination of the presentand past sea level trends, as well as indicating
any changes in the movement of the land. An analysis of past sea level trends,
coupled with temperature data canprovide accurate sea level rise predictions.

Reduce Uncertainty with Subsidence Rates. Tide gauge data contain move
ments of the land surface as well as actual water changes. Scientists believe
Maryland's coast is subsiding at a rate of1-1.5 mm/year. The causes, mechanisms
andprocesses of land subsidence should be examined. The stateshould determine
the exact amount of subsidence caused by the three separate processes discussed
above.

ReduceUncertainty with Climatic Change Parameters. Information concern
ing climate change and its effect on oceanographic, meteorological and hydrographic
processes are still unknown or only speculative. Creating policies on conjectured
data is not warranted (Klarin and Hershman. 1990). The state must remain in
contact with the scientific community and published literature inorderto be aware of
any new information concerning changes in the prognosis of climatic change
parameters and howthey would effectthe state.

CONCLUSION

Although many coastal hazards continue along Maryland's coastal zone and
there currently exists a variety of mitigation programs, additional efforts will be
necessary as sea level continues to rise. Some strategies that were recommended
in this analysis are possible through increased efforts in existing programs. Fea
sibility studies should befunded to determine appropriate responses to present and
future problems. The fluidized sand bypassing and the beachface dewatering
techniques would mitigate many of the existing shore erosion problems. Incorpo
rating the Public Trust Doctrine into the state's Coastal Zone Management Program
may expand its ability to increase its management of human and natural resources
in the coastal zone. Public education is extremely important because policies
governing the coast are implemented at the local level where most citizens are
involved. Public officials need to be aware that policies concerning the coastal zone
are necessary and are based on scientific effort and research. By preparing a
strategy in advance the state would reduce costs, and protect lives and natural
resources in the coastal zone.
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