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FOREWORD

Mandated by Section 577 of the National Flood Insurance Reform Act of 1994
(Public Law 103-325), this independent report, Evaluation of Erosion Hazards,
provides a much-needed and valuable assessment of coastal erosion and the
resulting loss of property along our Nation's ocean and Great Lakes shorelines.

| commend the H. John Heinz 1Il Center for Science, Economics and the
Environment for its work and for delivering a thought-provoking set of findings,
recommendations and policy options. The Center's multi-sector, nonpartisan
approach drew experts from around the country to produce, as the Congress
envisioned, an objective, science-based report.

One of the report's most sobering findings is that within the next 60 years
approximately 25 percent of homes located within 500 feet of the coast (excluding
those located in most urban centers) will fall victim to the effects of erosion.
Erosion-induced losses to property owners during this time are expected to be half a
billion dollars annually, an amount nearly equal to the risk of loss from coastal
flooding. If coastal development continues unabated or if sea levels rise as some
scientists are predicting, damages may be even higher.

Continued coastal erosion has made both coastal structures and ecosystems
vulnerable to storms. An increase in the number and intensity of hurricanes making
landfall along some of our most erosion-prone coastlines could dramatically affect
those areas. Unfortunately, such an increase in storm activity is precisely what
many |leading experts are predicting over the next 20 years.

This report clearly lays out the hard choices facing the Congress and the Nation. It
is now time — indeed it is past time — to renew the public dialogue about how we
can lower the risks to life and property and reduce the costs to the Nation from the
inevitable consequences of coastal erosion.

JAMES LEEWITT
Director, The Federal Emergency Management Agency



PREFACE

Coastal erosion and its impact on the National Flood Insurance Program (NFIP)
as well as the economic viability and environmental integrity of coastal
communitiesisamajor concern of the nation. Homes along our Nation’s ocean
and Great Lakes shorelines face arisk from erosion comparable to the risk from
coastal flooding. However, the NFIP does not currently map erosion hazard
areas and therefore is unable to inform homeowners of the risk to their property
from erosion. Moreover, FEMA'’s flood insurance rate maps do not inform
current and prospective property owners of erosion risks. In addition, current
insurance rates do not reflect the magnitude of the erosion risk. Other NFIP
policyholders or taxpayers will have to subsidize what is likely to become a
substantial cost.

The Heinz Center conducted an analysis of possible changes to the National
Flood Insurance Program (NFIP) based on a national-scale coastal erosion
mapping survey for the Federal Emergency Management Agency. The report
presents a range of policy options for eroding areas, evaluates the effectiveness
of each option in reducing erosion losses, and makes two recommendations.

The report was overseen by a Steering Committee of sixteen experts from
academia, government and the private sector which | chaired. The committee
and | commend The Heinz Center and its collaborators for their excellent work
on a very complex issue. The research was conducted by teams at the
University of Georgia (Warren Kriesel and colleagues), the George Washington
University (Joe Cordes and Tony Yezer), The Spatial Data Institute (Bill Fry
and colleagues), ateam of actuaries (Dick Roth Sr. and Dick Roth Jr.), the John
F. Kennedy School of Government, Harvard University (Susanne Moser), and
the staff of The Heinz Center. Many other individuals at FEMA, especialy
Mark Crowell, the project officer for this study, and State Coastal Zone
Management Agencies generoudy contributed time and expertise as well.

The committee believes that this report achieves its goal of providing Congress
with a series of options from which they can choose to address the problem of
coastal erosion. It is our hope that these recommendations and policy options
will help set anew course for coastal erosion management.

STEPHEN P. LEATHERMAN
Chair, Erosion Hazards Steering Committee
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SUMMARY

Driven by arising sea level, large storms, flooding, and powerful ocean waves,
erosion wears away the beaches and bluffs along the U.S. ocean and Great Lakes
shorelines. Erosion undermines waterfront houses, businesses, and public
facilities, eventually rendering them uninhabitable or unusable. By moving the
shoreline inland, erosion also brings nearby structures ever closer to the water,
often putting them at greater risk than either their owners or insurers recognize.

Over the next 60 years, erosion may claim one out of four houses within 500 feet
of the U.S. shoreline. To the homeowners living within this narrow strip, the
risk posed by erosion is comparable to the risk from flooding, especially in beach
areas. The National Flood Insurance Program (NFIP), however, does not map
erosion hazard areas to inform homeowners of the risk they face, nor does it
directly incorporate erosion risks into its insurance ratemaking procedures. Both
of these shortcomings can be remedied.

BOX S.1 Recommendations

Congress should instruct the Federal Emergency Management Agency to
develop erosion hazard mapsthat display thelocation and extent of coastal
areas subject to erosion. The erosion maps should be made widely availablein
both print and electronic formats.

Flood insurance rate maps do not inform current and prospective coastal property
owners of erosion risks. Without such information, state and local decision makers
and the genera public are not fully aware of the coastal hazards they face, nor do
they have this information available for land-use planning and erosion hazard
mitigation. Thisexpenditureislikely to be cost effective.

Congress should requirethe Federal Emergency Management Agency to
include the cost of expected erosion losses when setting flood insurance rates
along the coast.

Despite facing higher risk, homeowners in erosion-prone areas currently are paying
the same amount for flood insurance as are policyholders in non-eroding areas.
FEMA should incorporate the risk from erosion into the cost of insurance along the
coasts. Otherwise, other NFIP policyholders or taxpayers will have to subsidize
what is likely to become a substantial cost. Using maps such as those recommended
above, rate increases could be confined to the highest-risk eroding regions.
Alternatively, more modest rate increases could be spread across alarger “ Coastal
High Hazard Zone” that includes both the highest-risk flood and eroding regions.
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EVALUATION OF EROSION HAZARDS

Congress debated erosion management legislation during the early 1990s, but
could not reach agreement on a course of action. Deciding that more
information was needed, Congress passed Section 577 of the National Flood
Insurance Reform Act of 1994 (P.L. 103-325), which requested an analysis of a
series of possible policy changes to address eroson hazards within federal
programs.

This report, by The H. John Heinz 111 Center for Science, Economics and the
Environment, is a response to that mandate. The goal of the study is to improve
understanding of the impacts of erosion and erosion-related flooding on the
NFIP, other federal programs, and coastal communities. The report makes two
recommendations, shown in Box S.1. The report also analyzes the economic
impacts of erosion, presents a range of policy options, and evaluates the
effectiveness of each option in reducing erosion losses. The key study findings
are summarized in Box S.2. The policy options evaluated are listed in Box S.3.

The study was conducted in three phases. In phase 1, the Federal Emergency
Management Agency contracted with state agencies to produce maps for 27
counties along U.S. coastlines. The maps included projections of how far inland
the coastline may erode over the next 60 years and, where applicable, expected
flood heights from a 1 percent chance ("100-year") storm today and in the
future. A sample erosion hazard map is shown in Figure S.1. The Heinz Center
conducted phases 2 and 3, which included a field survey of over 10,000
structures and analyses of the extent of erosion-related damage and options to
address that damage.

This summary describes the nature of the coastal erosion hazard by region, the
costs of erosion today and in the future, current federal and state policies in
eroding areas, and a series of possible changes to the NFIP to better incorporate
coastal erosion into the existing flood insurance program. The recommendations
are discussed in greater detail at the conclusion of this summary.
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SUMMARY

FIGURE S.1 Sample 60-year erosion hazard map, South Bethany, Delaware

Inland limit of
B0-year erosion hazard area

G |

Notes: As shown on this aerial photo of 20 0 20 40 60 Feet

South Bethany, Delaware, the beach is ﬁ
expected to erode inland 65 feet (from the N
white line on the right to the one on the | eft) ;

over the next 60 years. Two to three rows

of houses, marked with circles, are likely to

be lost to erosion over this period.
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EVALUATION OF EROSION HAZARDS

BOX S.2 Summary of Key Study Findings

Within the first few hundred feet bordering the Nation’ s coasts, property owners face as large a
risk of damage from erosion as they do from flooding. Information about the magnitude of this
risk, which varies widely, is generally not available.

Roughly 1,500 homes and the land on which they are built will be lost to erosion each year, on
average, for the next several decades. Coststo coastal property owners will average $530 million
per year. Additional beach nourishment or structural protection might lead to lower losses,
additional development in the most erosion prone areas will lead to higher losses.

At current enrollment levels, the National Flood Insurance Program will pay $80 million per year
for erosion-related damage, about 5 percent of today’s premiums. Total losses will rise with
hoped-for enrollment increases.

Today’ s property values within the areas most susceptible to coastal erosion have been lowered by
atotal of $3.3 billion to $4.8 billion nationwide as aresult of erosion, aloss of about 10 percent.

Most of the damage from erosion over the next 60 years will occur in low-lying areas also subject
to the highest risk of flooding. Some additional damage will aso occur aong eroding coastal
bluffs.

Although certain types of erosion damage are not eligible under National Flood Insurance Program
rules, most erosion-related losses sustained by policyholders is reimbursed by the program.
However, erosion damage is not fully reflected in flood insurance rates; current rates are primarily
based on flood risk alone. Thus erosion losses will be subsidized by policyholders in non-eroding
areas or by general taxpayers.

To fully reflect risk, insurance rates in the highest risk coastal areas must be, on average, twice
today’srates. Rateincreases could be spread uniformly across the highest risk coastal areas or
varied according to the risk of erosion-related damage. The rate increases needed to cover
expected erosion losses can be designed to be acceptable to amajority of current policyholders,
based on results of amail survey.

The cost of identifying, mapping, disseminating, and maintaining information on the erosion
hazard nationwide is about $5 million per year. For comparison, if al currently empty lotsin areas
most susceptible to erosion are built on, damage from erosion would rise by roughly $100 million
per year for the value of the structures alone. The cost effectiveness of mapping depends on how
much the maps reduce devel opment (and rebuilding) within eroding areas, but the investment is
likely to be worthwhile.

Development density in several of the high-risk coastal areas studied by The Heinz Center
increased by more than 60 percent over the last 20 years. Roughly 15 percent of thisincrease
appears attributable to the influence of the National Flood Insurance Program. However, the
building standards and floodplain management requirements that are part of the program have
reduced flood and erosion damage per structure by roughly 35 percent. Thus, for development
after 1980, the program has lowered damage by about 25 percent below the level that would have
occurred without the program.

XXiV




SUMMARY

BOX S.3 Policy Options Evaluated

The following nine options were evaluated. Options 1-5 are mutually exclusive; that
is, only one can be chosen. Any of options 6—9 could be added to any of the other
policy packages. Options 2—7 depend on the availability of detailed erosion hazard
maps.

Maintain the status quo (i.e., no change in policy)

Erosion mapping and dissemination alone

Creation of a coasta high hazard zone, including both high flood and erosion
zones

Mandatory erosion surcharge on flood insurance in erosion zones

Erosion surcharge combined with regulatory measures to reduce damages
Flood-related regul atory changesin erosion zones

Erosion insurance in bluff areas susceptible to erosion but not flooding

Rel ocation assistance and/or land acquisition

Shoreline protection measures (i.e., nourishment, dune restoration, and structural
measures)

wphE
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THE COASTAL EROSION HAZARD

The erosion hazard was dramatized recently by the predicament of the Cape
Hatteras lighthouse in North Carolina. When constructed in 1870, the lighthouse
was 1,500 feet from the shore. Protective measures to reduce the rate of beach
erosion in front of the lighthouse provided a temporary solution, but, by late
1987, the lighthouse stood only 160 feet from the sea and was in danger of
collapsing. In 1999, after severa years of debate and lawsuits aimed at blocking
a relocation, the National Park Service successfully moved the lighthouse back
2,900 feet at acost of $9.8 million (see Figure S.2).

Approximately 350,000 structures are located within 500 feet of the 10,000-mile
open ocean and Great Lakes shorelines of the lower 48 states and Hawaii. This
estimate does not include structures in the densest areas of large coastal cities,
such as New York, Chicago, Los Angeles, and Miami, which are heavily
protected against erosion.

Of these, about 87,000 homes are located on low-lying land or bluffs likely to
erode into the ocean or Great Lakes over the next 60 years. The breakdown by
region is shown in Table S.1. Assuming no additional beach nourishment or
structural protection, roughly 1,500 homes and the land on which they are built
will be lost to erosion each year. An example of a house threatened by erosion is
shown in Figure S.3.

Within the highest risk flood hazard areas (“V-zones’) of the Atlantic and Gulf
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of Mexico coasts, the risk of damage from erosion is amost equal to, and added
to, that from flooding. Much of the Pacific and Great Lakes shorelines are
backed by steep cliffs or bluffs susceptible to erosion also.

FIGURE S.2 1n 1999 the National Park Service moved the Cape Hatteras
lighthouse back 2,900 feet to a more stable position.

(Photo by Drew Wilson, The Virginia Pilot)

TABLE S.1 Nationwide Estimate of Structures Susceptible to Erosion®

Variable Atlantic Gulf of Pacific Great Total
Coast Mexico Coast Lakes

Length of coastline

Miles 2,300 2,000 1,600 3,600 9,500
Percentage of total 24% 21% 17% 38%

Structures within 500 feet of shoreline
Number 170,000 44,000 66,000 58,000 338,000
Percentage of total 50% 13% 20% 17%

Structures within 60-year erosion hazard area (EHA)®
Number 53,000 13,000 4,600 16,000 87,000

EHA structures as % of those 31% 29% 7% 28%
within 500 feet of shoreline
Structures within 60-year EHA assuming all open lots are filled
Number 76,000 22000 5200 >16,000° >120,000

& All estimates exclude structures in major urban areas. The analysis assumes these structures
will be protected from the erosion hazard.

® The 60-year EHA is determined by multiplying local erosion rates by 60 years.

¢ Dataon open lots not available in Great Lakes

Data may not add to totals because of rounding.
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FIGURE S.3 Asaresult of erosion, this oceanfront house is now on the beach.

LATTITTT T

(Photo by The Heinz Center)

The average annual erosion rate on the Atlantic coast is roughly 2 to 3 feet/year.
States bordering the Gulf of Mexico have the nation’s highest average annual
erosion rates (6 feet/year). The rates vary greatly from location to location and
year to year. A mgjor storm can erode the coast inland 100 feet or more in aday.
The coastline often accretes partway back over the next decade. Both the
Atlantic and Gulf coasts are bordered by a chain of roughly 300 barrier islands,
which are composed primarily of loose sand and are the most dynamic land
masses along the open-ocean coast. Barrier island coastlines have been
retreating landward for thousands of yearsin response to slowly rising sea levels.

The Pacific coastline consists of narrow beaches backed by steep sea cliffs that
are composed of crumbly sedimentary bedrock and are therefore unstable. In
addition, the cliffs are heavily faulted and cracked, and the resulting breaks and
joints are undermined easily by wave action. Cliff erosion is site specific and
episodic. In some locations, the cliffs can retreat tens of feet at one time,
whereas 50 to 100 feet away, there is no retreat at all. As a result, long-term
average annua erosion rates are usually less than 1 foot/year, but these low
averages hide the true nature of large, episodic events. Similarly, aong the
shores of the Great Lakes, rates of bluff and dune erosion vary from near zero to
tens of feet per year because of annual variability in wave climate and lake
levels.
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COSTS OF EROSION TODAY AND IN THE FUTURE

Property Losses and Insurance Payouts

Nationwide, erosion may be responsible for approximately $500 million in
property loss to coastal property owners per year, including both damage to
structures and loss of land. The breakdown by region is shown in Table S.2.

These conclusions are based on detailed field measurements and mail survey
information collected on approximately 3 percent of the buildings located within
500 feet of the shore. The Heinz Center sent field survey teams to measure and
photograph 11,450 structures in 18 counties. Additional information on these
same structures was obtained from county assessor and similar offices, and
detailed questionnaires mailed to the owners. Researchers intensively studied
120 miles of shoreline, or about 1 percent of the U.S. coastline outside of Alaska
and Hawaii. The areas studied are shown in Figure S.4 along with their typical
erosion rates.

Not all of the $500 million in annual property loss will be covered by the NFIP,
however. First, insurance does not cover loss of land. In addition, the NFIP
limits coverage to $250,000 and many coastal houses are worth considerably
more. Finally, results of The Heinz Center’s mail survey indicate that roughly
half the homeowners in high erosion areas on the Atlantic and Gulf coasts
currently purchase flood insurance, which to large extent covers erosion losses,
aswell. On the Pacific and Great Lakes coasts, where bluff erosion is a problem,
10 percent or fewer of at-risk houses are insured. Assuming that NFIP
enrollment remains at present rates, the payout over the next few decades for
erosion lossesislikely to be roughly $80 million per year.

The breakdown by region is shown in Table S.2. Table S.3 compares estimates
of erosion along the Atlantic coast today to the higher losses projected decades
into the future. Note that NFIP payments in erosion-prone areas over the last
decade were lower than the losses projected in Tables Il and 111. Averaged over
the last decade, premiums paid by owners of houses built after 1981 have been
sufficient to cover losses, as required by law. However, as the shore erodes
inland, damage to these structures will rise.
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FIGURE S4 Average Annual Erosion Rates (feet/year) within Counties studied in
The Heinz Center’ s Evaluation of Erosion Hazards
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TABLE S.2 Nationwide Estimates of Cost of Erosion: Average Annual Losses to
Current Properties Within 60 Y ear EHA (in Millions of Dollars per Y ear)

Affected Atlantic  Gulf of Pacific Great
Entity Coast Mexico Coast Lakes Total
Owners’

$320 $50 $110 $50 $530
Community”

$260 $50 $70 $30 $410
National Flood Insurance Fund®, assuming 100% enrolment:

$130 $20 $10 $30 $200
National Flood Insurance Fund®, assuming current enrolIment

$70 $10 $1 $2 $80

¢ Loss of structure and land.

® oss of structure and land, not including the “amenity value” of the oceanfront, which is
transferred from owner to owner.

¢ Payments from the National Flood Insurance Fund are for damage to structures and contents
only.

Data may not add to totals because of rounding.
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TABLE S.3 Estimates of Cost of Erosion Along the Atlantic Coast: Variation in
Average Annual Losses Through Time (in Millions of Dollars per Y ear)
Affected Entity  Within 30 Year 30to 60 Yearsfrom 30to 60 Yearsfrom
EHA Today (Existing Today (Assuming
Structures Only) All Lots Filled)®

owners®

$200 $440 $630
Community ©

$160 $360 $510
National Flood Insurance Fund®, assuming 100% enrollment

$80 $180 $260
National Flood Insurance Fund®, assuming current enrollment

$40 $90 $130

& Vacant lots are, on average, about 30 percent of total lots.

® Loss of structure and land.

¢ Loss of structure and land, not including the “amenity value” of the oceanfront, which is
transferred from owner to owner.

4 Payments from the National Flood Insurance Fund are for damage to structures and contents
only.

Data may not add to totals because of rounding.

Property losses are just one of the many costs of shore erosion. A recent study by
The Heinz Center (1999), The Hidden Costs of Coastal Hazards, emphasizes
that many hidden or unreported costs related to coastal hazards are imposed on
the business community, individuals, families and neighborhoods, public and
private institutions, and natural resources and the environment. Although that
study focused on weather-related coastal hazards, such as hurricanes and other
severe storms, erosion clearly influences the stability and condition of coastal
property and beaches when such disasters strike acommunity.

Reduced Property Values

Research conducted by The Center’s collaborators at The University of Georgia
shows a strong relationship between house price and the number of years until
the nearest shoreline is likely to erode and reach the house (determined by
dividing the distance from the shore by the erosion rate). Houses close to a
rapidly eroding shore are worth less today than otherwise identical houses that
are close to shorelines that are relatively stable. The increased risk of damage is
reflected in sales price. This relationship for typical waterfront properties — at
the same distance from the water today, but with shores eroding at different rates
—isshownin Figure S.5.
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SUMMARY

Along the Atlantic coast, a house that is 50 years from the shoreline is estimated
to be worth about 90 percent of an identica house located 200 years from the
shore; likewise, a house estimated to be within 10 to 20 years of an eroding shore
is worth 80 percent of one located 200 years away. This varies somewhat from
region to region, but the Atlantic coast results are typical.

By adding up these estimates across the 53,000 structures currently inside the
60-year erosion hazard area on the Atlantic Coast, The Heinz Center estimates a
depression in today's property values to the owners of these homes of
approximately $1.7 to 2.7 billion. (The 60-year erosion hazard area is the land
expected to be lost to erosion over the next 60 years.) The estimated depression
in property values for the 87,000 houses within the 60-year erosion hazard area
nationwide is $3.3 to 4.8 billion. If houses are built on all the remaining empty
lots within the 60-year erosion hazard area, then the loss in property value might
total $4.6 to 6.6 billion. The breakdown by region is shown in Table S.4.

FIGURE S5 Effect of erosion hazard on typical coasta property value®
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2 Property value for otherwise identical waterfront houses, at the same distance from the
water today, but with shores eroding at different rates.
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TABLE S.4 Estimated Economic Impacts of Erosion in 60-Y ear Erosion Hazard
Areas Nationwide (in Millions of Dollars)

Atlantic Coast Gulf Coast Great Lakes Pacific Coast Total

Lossin property value
$1,700-$2,700 $100-$200 $600-$900  $900-$1,000  $3,300-$4,800

Lossin property value, assuming all empty lots are filled
$2,500-$3,800 $200-$300  $900-1,300* $1000-$1,200 $4,600-$6,600

# Percentage of empty lots extrapolated from average of other regions.
Thelossin property value represents depression in property price prior to any damage.
Data may not add to totals because of rounding.

CURRENT POLICIES IN ERODING AREAS

Currently, erosion is addressed in a piecemeal manner by Federal, state, and
local governments as well as private owners. These activities are summarized in
Table S.5. Federa activities and programsinclude: the NFIP, which reimburses
its policyholders for erosion losses; coastal engineering projects, such as beach
nourishment, that help protect against erosion; funding and technical assistance
to states, and purchase of coastal areas for public ownership. The Coasta
Barrier Resources Act restricts federal expenditures, including flood insurance
and disaster assistance, within designated Coastal Barrier Resources System
Units. The system encompasses nearly 1.3 million acres and approximately
1,200 miles of shoreline.
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TABLE S5 Summary of Approachesto Erosion Management by Level of

Response
Level of Approaches to erosion management
Response
Individuals e Protect private property through structural and non-structural
measures

e Comply with building codes and land use regulations
Communities, » Establish and enforce building codes and land use regul ations
Local e Enforce NFIP building and floodplain management
governments requirements

* Participatein federal and non-federal shore protection projects
States ¢ Establish and enforce setback policies

Regulate the use of shoreline stabilization structures
Require disclosure of erosion hazardsin rea estate transactions
Participate in federal and non-federal shore protection projects

Federal agencies

Provide flood insurance coverage (FEMA — NFIP)

Prohibit federal expendituresin designated coastal barriers (U.S.
FWS — Coastal Barrier Resources Act)

Provide disaster response and recovery assistance (FEMA)
Support state erosion management programs (NOAA —CZMA)
Participate in federal shore protection projects (U.S. ACE)

Key:

CBRA Coastal Barrier Resources Act NOAA  National Oceanic and

CZMA  Coastal Zone Management Act Atmospheric Administration

FEMA Federal Emergency Management U.S. ACE U.S. Army Corps of Engineers
Agency U.S. FWS U.S. Fish and Wildlife Service

NFIP National Flood Insurance Program

Coastal Erosion and The National Flood Insurance Program

The National Flood Insurance Program was established in 1968 "to provide flood
insurance in communities which adopt and adequately enforce floodplain
management ordinances that meet minimum [program] requirements"’ (National
Food Insurance Act of 1968, P.L. 90-448).

The program has three objectives:

* Identify flood risks and disseminate this information to the public, lenders,
insurance and real estate agents, and state and local governments;

» assure the purchase of sufficient insurance and the enrollment of adequate
numbers of communities and individuals to curtail the expansion of federal
disaster relief and flood control programs; and
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» encourage wise use of the floodplain through mitigation requirements and
activities in communities that wish to obtain federally backed flood
insurance.

Erosion is not well addressed by the current NFIP. Although certain types of
erosion-related damage are not reimbursable under program rules, the NFIP
appears to pay for most erosion-related damage claims in low-lying areas. A
survey of insurance agents by The Heinz Center found no case where policy
holders failed to submit a claim, or the program denied a claim, because of
erosion. However, current insurance rates do not reflect the magnitude of the
erosion risk faced by any individual policyholder. Thus, future claims by
homeowners in erosion-prone areas will have to be subsidized by others.
Moreover, because current flood maps do not incorporate erosion risk, they are
not only incomplete but also misleading to users. The next section presents a
comprehensive series of policy options to remedy these shortcomings. The
Heinz Center's recommendations are presented at the conclusion of this
summary.

POLICY OPTIONS

Nine policy options, or packages of options, were developed and analyzed.
Options 1-5 are meant to be mutually exclusive; that is, only one can be chosen.
These are ordered roughly from least to most extensive policy intervention. Any
of options 6—9 could be added to any of the other policy packages. Options 2—7
depend on the availability of detailed erosion hazard maps. Each option is
summarized and evaluated below.

To help sort through the nine options, The Heinz Center constructed a series of
evaluation criteria that reflect possible goals for changes to the flood program.
The criteria are as follows:

*  Will the public be better informed about the risks of living on the coast?

* Does the change help aleviate economic hardships from erosion damages
that do occur?

* Isthe program fairer?
- Will insurance rates more closely reflect risk?
- Areadditional restrictions imposed on property owners?

» Doesthe change lead to reduced damage to structures?

- Doesit avert damage to structures not yet built?
- Doesit help reduce damage to existing structures?
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» Does the change lead to other desirable outcomes, such as environmental
benefits or enhanced opportunities for recreation?

» Isthe change cost effective for affected individual s?
Option 1. Maintain the Status Quo

Nineteen of 30 coastal states currently incorporate erosion risks into the approval
process for new construction close to the shoreline. The erosion management
activities undertaken by states and communities are summarized in Box S.4.
However, information about erosion risks is spotty, and both the information and
its usage are inconsistent from state to state. Although the NFIP appears to
reimburse most erosion-related damage in low-lying areas, current insurance
rates do not reflect the variation in risk among policyholders. Thus, claims by
homeowners in erosion-prone areas will have to be subsidized by policyholders
in non-eroding areas. The regulatory components of the NFIP have reduced
damage from flooding but are less successful with respect to erosion.

Option 2. Erosion Mapping and Dissemination Alone

The preparation of maps displaying the location and extent of areas subject to
erosion would be the simplest and least intrusive change to the NFIP. The maps,
if made widely available, would help to better inform the public about the risks
of living aong the coast. Erosion mapping is aso a requisite component of
options 3 through 7. FEMA estimates that a nationwide erosion hazard mapping
program would cost $44 million. Assuming that a map is useful for 10 years,
annual costs would be roughly $5 million per year. Depending on the region, if
such maps discourage more than 2 to 7 percent of development on currently
empty lots within the 60-year erosion hazard area, the investment will be
worthwhile.

Erosion is a highly variable process, thus the maps would reflect only a statistical
"best guess' of how much the shore might erode over the next several decades.
Furthermore, the maps would be based on data from historical maps and aerial
photographs—data that can be sparse and difficult to interpret. Nevertheless,
such information is extremely helpful to many types of users of flood insurance
rate maps.
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BOX S4 Present Status of Erosion Management at the
State and Community Levels

Thirty states and five territories border the U.S. coastline. States have adopted land-use
plans, regulations, building standards, and other programs for addressing coastal storms,
floods, and erosion. Particularly since the passage of the 1972 Coastal Zone Management
Act (P.L. 92-583), coastal states have been central playersin the management of coastal
resources and shorefront areas.

State-level responses to erosion range from doing nothing to restricting the use of hard
structures and enforcing erosion-rate based setbacks (e.g., North Carolina), to providing
loans to stabilize the shoreline through cliff-hardening (e.g., the Maryland Chesapeake
Bay). Nineteen of 30 coastal states currently incorporate erosion risksinto the approval
process for new construction close to the shoreline. However, information about erosion
risksis spotty, and both the information and how it is used is inconsistent from region to
region.

Generally, states have delegated their land-use authorities to local governments.
Therefore, the National Flood Insurance Program requires each community to adopt
floodplain management requirements, including performance standards for new
construction and substantial improvements to existing buildings located in specia flood
hazard areas on the Flood Insurance Rate Maps.

Communities or local governments address coastal erosion problems by developing and
enforcing local ordinances to guide decisions on land use, zoning, subdivision practices,
building standards, hazard mitigation, and management of public beach areas. Through
the Community Rating System (aflood insurance rating and community inspection
program), policyholders receive reductionsin their premiumsif the community
implements floodplain management activities that exceed the National Flood Insurance
Program’ s minimum requirements.

As part of this study, The Heinz Center conducted case studies of community responses to
coastal erosion (Chapter 4 and Appendix F). These examples show how communities
may react to policy changes at the federal level and how their concerns might be
addressed.
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Option 3. Creation of a Coastal High Hazard Zone, including both
High Flood and Erosion Risks

FEMA could establish a single "coastal high hazard zone" encompassing the
current highest-risk flood zone (the “V-zone”) and any additional areas highly
susceptible to erosion. Insurance rates would increase to reflect both risks. On
the Atlantic and Gulf coasts, the combined region would be roughly 15 percent
larger than the current high-hazard V-zone.

If Congress directs FEMA to increase insurance rates to fully cover expected
erosion damage, rates in the new area would rise a fixed amount between $.90
and $1.00/year per $100 of coverage. This is in addition to current rates that
vary by flood risk. Under this option, all policyholders share the costs of erosion
damage equally.

One advantage of this option is that it contains the cost of erosion to within the
coastal high hazard zone, thus eliminating future subsidies from other NFIP
policyholders (such as inland homeowners). Because it also requires erosion
hazard mapping (discussed in option 2), the public will be better informed about
therisks of living along the coast.

The main disadvantage of this option isthat it does not bring insurance rates
fully into line with the risk faced by individual homeowners within the coastal
high hazard zone. Thus, policyholdersin low erosion areas will still be
subsidizing those located within more erosion-prone ones.

Option 4. Mandatory Erosion Surcharge on Flood Insurance in
Erosion Zones

Many homeowners pay insurance rates far lower than is necessary to cover the
risks caused by both flooding and erosion. Thus, either other NFIP
policyholders or taxpayers will subsidize future eroson damages. Congress
could direct FEMA to impose an erosion surcharge on current flood policies in
erosion-prone areas to cover the additional risks and thus reduce the subsidy.
The surcharge would have to be mandatory because the flood program already
pays for most losses from erosion (in low-lying areas), and few policyholders
would be likely to pay extra for erosion coverage that they get free of charge
today. Moreover, it is not practical to distinguish between damage from flooding
alone and that from erosion-related flooding.

This option would help bring insurance rates closer in line with expected damage
and like the previous two options, would help better inform the public about the
risks of living along the coast. Fairnessis one of the most compelling reasonsin
favor of a mandatory erosion surcharge.
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Option 5. Erosion Surcharge Combined with Regulatory Measures
to Reduce Damages

Under the NFIP, flood insurance is offered to individuals on the condition that
the community adopts regulations to reduce future damage. Following this
model, other measures—such as setback requirements or building code
changes—could be required in erosion-prone areas as a condition of allowing
residents to remain eligible for combined flood and erosion insurance. NFIP
elevation and related floodproofing requirements have been effective at reducing
flood damage (see Box S.5) but are not as effective for reducing erosion damage.

Mandatory setbacks determine how close to the shoreline structures can be built
or rebuilt. FEMA could follow one or more of the approaches taken by state
coastal zone management programs in establishing setbacks. Nineteen of 30
coastal states have setbacks or land use controlsin place along the coast (see Box
S.4). Seven states established setback distances based on expected years from
the shoreline. Typical setbacks are 30 years for houses and 60 years for larger
structures. The remainder specify a fixed setback distance in feet from the
shoreline, typically between 25 feet to 100 feet. Alternatively, the two
approaches may be combined (i.e., no development within 50 feet or within the
30-year EHA) to provide an additional safety margin.

FEMA could also require communities to adopt building code changes to reduce
the impacts of erosion-related damages. For example, structures could be
designed so that they could be moved and relocated more easily in the event that
an eroding shore gets too close. Removal of a structure that ends up within, for
instance, the 10-year erosion line could be required.

A key issue associated with this option is whether Congress decides that the
public benefits of setback requirements or mandatory removal of structures
outweigh the potential hardship from imposing restrictions on how individuals
may use their land. Congress could follow a different path if there is hesitancy
to assign additional regulatory responsibilities to states and localities. It might
simply choose to deny insurance—for both flooding and erosion—to new
structures in the highest-risk erosion zones. Building in these areas would not
be prohibited, but the owners of new structures would not be eligible for federal
flood insurance or disaster assistance grants or loans. This is similar to the
approach followed in the Coastal Barrier Resources Act.

Option 6. Flood-related Regulatory Changes in Erosion Zones
Erosion not only causes damage directly, but also, over time, increases the risk
from flooding. The likelihood of damage could be lowered somewhat if

communities were directed to apply building standards appropriate to the flood
conditions expected severa decades from now. Newly constructed houses, or

XXXVill



SUMMARY

houses rebuilt after substantial damage, that are located in flood zones also
susceptible to erosion, could be required to meet building standards with an
added margin of safety based on the anticipated erosion of the coast.

Building in some additional flood resistance is cheaper during the design and
building phases than it is after a structure has been built. However, we were not
able to ascertain how large a margin of safety would be cost effective.

Option 7. Erosion Insurance in Bluff Areas Susceptible to Erosion
but not Flooding

Although many houses on bluffs overlooking the coast are subject to erosion
damage, homeowners in these areas typically have not purchased flood
insurance. Only 10 percent or fewer of the susceptible structures in the bluff
areas of the Great Lakes and Pacific coasts are covered, even though annua
erosion damages in these areas may exceed $100 million per year. Coverage
may be low in bluff areas because the National Flood Insurance Act limits
coverage of erosion damage to that "caused by waves or currents of waters
exceeding anticipated cyclical levels." Hence, there may be a greater likelihood
of a clam being rejected in bluff areas than in low-lying areas. Insurance
specifically covering erosion risks in bluff areas would be more consistent with
the actual problemsin these areas.

Any extension of erosion insurance into bluff areas would need to be pursued
with caution, to make sure it did not encourage development in eroding areas.
The NFIP appears to have contributed modestly to the increase in low-lying
coastal areas, but because of the success of building standards, overal flood
damage is lower than it would have been without the program (see Box S.5).
Building standard changes are not likely to be as effective for lowering erosion
damage, thus the overal effect of extending insurance to bluffs is unclear.
Nevertheless, this option would serve to reduce the hardship if and when damage
does occur.
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BOX S5 Effectsof Erosion Risk, Flood Risk, and
Flood I nsurance on Development

The Heinz Center study evaluated some of the effects of the National Flood Insurance Program,
which has never been fully assessed. A team of researchers at The George Washington
University reconstructed 35-year development histories of 120 blocks of homes within seven of
the counties inventoried. Four of the counties were on the Atlantic coast, two were on the Gulf
of Mexico, and one on the Pacific coast.

Within these counties, development density more than doubled over the 35 years. With such
overall growth as background, the researchers used stetistical regression methods to examine
whether the amount of land developed in each block was related to the risk of erosion; the risk
of flooding; as well as other factors, such as whether it was a waterfront block. The research
team aso explored whether the availability of flood insurance affected the density of
devel opment.

Just as erosion affects property prices, so, too, does it affect the density of development. For
blocks within the front (ocean-side) half of the 60-year erosion hazard area, the closer the block
was to the ocean in years, the lower the development density. Outside the 60-year erosion
hazard area, the closer the block was to the ocean in years, the more rapid the devel opment.

The research team also found that flood risk affects the density of development. In the absence
of insurance and other programs to reduce flood risk, development density would be about 25
percent lower in the highest-risk zones than in areas less susceptible to damage from coastal
flooding. After the adoption of the National Flood Insurance Program, development density
was roughly 15 percent lower in areas now classified as highest risk than in other areas. Thus,
it appears that although development density is till lower than average in high-risk flood areas,
the difference is smaller than it was before the program.

Although development density has increased, flood damage may be lower than it would have
been if the National Flood Insurance Program had never been enacted, because of the program’s
floodplain management and building code requirements. Structures built after the program’s
building requirements went into effect in 1981 are expected to sustain significantly less damage
during floods than are older structures built prior to the program. Overall, the net damage to
"post-1981" structures is about 25 percent lower than it would have been if the new
development had occurred at the lower densities, but higher rates of damage per structure, that
would have occurred without the program.
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Option 8. Relocation Assistance and/or Land Acquisition

The Heinz Center estimates that roughly 10,000 structures are within the
estimated 10-year erosion zone closest to the shore. A program of relocation
assistance and/or land acquisition could encourage remova of these high-risk
structures before they are destroyed. Such a program might make the most sense
if linked to some of the regulatory options under Option 5, such as revocation of
insurance once a structure enters the 10-year erosion zone, unless the structure is
relocated. Buyouts, or acquisition of property, already are used by many states
and the federa government as a risk-reduction strategy. Under the rules for
buyouts funded by the Federal Emergency Management Agency, the land
purchased is deeded permanently as open space. Acquisition offers a way to
permanently reduce or eliminate susceptibility to flood damage in the highest-
risk areas. It aso can be used to achieve important community and
environmental protection goals, such as public beach access and preservation of
open space and wildlife habitat.

This option has not been used extensively because of the high costs of coastal
property. Mandatory programs also would provoke objections from private
landowners. A previous attempt to encourage removal and relocation of
threatened structures—the Upton-Jones Program, which existed from 1987 to
1994—was suspended because of limited usage and unintended outcomes. A
relocation program, if pursued, would have to be carefully designed to avoid the
shortcomings of the Upton-Jones Program.

Option 9. Shoreline Protection Measures (Nourishment, Dune
Restoration, and Structural Measures)

Like relocation, shoreline protection is one of the few options that can reduce
damage to existing structures. Interest in shoreline protection measures by
current property owners is clear, especialy in areas with a high density of
existing structures and limited shoreline. Protective measures include beach
nourishment, dune restoration, and armoring of the shoreline with hard
structures.  Individuals, communities, and states already build many such
projects. Protection measures such as dune restoration are likely to lead to
environmental improvements. However, hard structural measures, such as
groins, bulkheads, and rip-rap, can have negative impacts on the physical and
aesthetic characteristics of beaches by reducing beach width, disrupting sand
supplies, and limiting recreational use of the beach.

The U.S. Army Corps of Engineers spent about $700 million between 1950 and
1993 (in 1993 dollars) on beach nourishment of about 200 miles of coast.
Continued maintenance and renourishment costs roughly $300,000/year per mile
of coast. However, expected annual erosion damage exceeds nourishment costs
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in only one of the 10 Atlantic and Gulf coast counties in The Heinz Center
sample. Thus, nourishment of additional stretches of the coast, if desired at all,
will only pass a benefit-cost test for federal funding in limited, high-density
areas. Shoreline protection measures can augment, but are not substitutes for,
other options.

RECOMMENDATIONS

Based on the analyses presented in this report, The Heinz Center recommends
that Congress take, at minimum, the following two actions. The Heinz Center
believes that these two recommendations provide significant benefits, are cost
effective, and are acceptable across most of the political spectrum. The other
options we presented will lower damage or aleviate economic hardship should
damage occur. Congress should consider the advantages and disadvantages of
these options within the framework of existing Federal, State, and local
programs.

Congress should instruct the Federal Emergency Management Agency to
develop erosion hazard maps that display the location and extent of coastal
areas subject to erosion. The erosion maps should be made widely available
in both print and electronic formats.

Flood insurance rate maps do not inform current and prospective coastal
property owners of erosion risks. The omission is substantial. Averaged over
the highest hazard flood zone, the risk of erosion-related damage to structuresis
roughly equal to the risk of flood damage. Thus, the current maps, which show
only flood hazards, are misleading.

Without accurate information on erosion, state and local decision makers and the
genera public will not be fully aware of the coastal hazards they face, nor will
they be able to make use of this information for land-use planning and erosion
hazard mitigation.

Congress should require the Federal Emergency Management Agency to
include the cost of expected erosion losses when setting flood insurance rates
along the coast.

Despite facing higher risk, homeowners in erosion-prone areas currently are
paying the same amount for flood insurance as are policyholders in non-eroding
areas. FEMA should incorporate the additional risk from erosion into the
determination of actuarial rates in high-hazard coastal regions. This will
eliminate the need for subsidies from other NFIP policyholders or taxpayers to
cover expected erosion losses.

xlii



SUMMARY

Erosion risk can be incorporated in several ways. The simplest is to combine the
highest hazard flood zones and erosion hazard areas into a“ Coastal High-Hazard
Zone.” Erosion risk would be shared equally among all policyholders in the
new combined zone. Alternatively, FEMA could charge rates based on a refined
risk classification that separately distinguishes erosion and flood risks. Only
those policyholders in erosion hazard areas (about one-third of the coastal high-
hazard zone) would be charged an erosion surcharge.

Discussion of Recommendations

Given the magnitude of the risk posed by coastal erosion and the misleading
nature of the current “flood only” coastal hazard maps, FEMA should be
directed to prepare maps of erosion risks of at least the quality of current flood
maps. |deally, these maps should display both risks and be made available in
both paper and electronic forms.

FEMA estimates such maps, covering 12,500 miles of U.S. ocean and Great
Lakes shoreline of greatest concern, would cost approximately $44 million—Iess
than $5 million per year over their expected 10-year useful life. While it is
difficult to estimate the effect such information would have on future
development decisions, the effect would not have to be large to justify the costs.
If the availability of erosion maps lowers future damage by just a few percent,
the savings would exceed the costs. Alternative federal erosion-related
expenditures are unlikely to be more cost-effective. For example, spending an
equivalent amount on beach nourishment would protect roughly another 10
miles of shoreline. And though these funds could be used to further improve
existing flood maps, far less information about erosion—a risk about equal to
flood in coastal regions—is available.

In addition to the use of erosion maps by individual homeowners and
communities, FEMA must have them if they are to include the costs of erosion
losses when setting coastal insurance rates. As presented earlier (Table S.2),
FEMA'’s liability for erosion losses is likely to average $80 million per year
without any further development in erosion-prone areas. If erosion hazards are
not adequately factored into current flood insurance rates, losses will have to be
subsidized by other NFIP policyholders or taxpayers. Losses of this level are a
small fraction of the total earned premiums collected nationwide (currently
about $1.3 hillion per year), but within coasta regions, the percentage is
substantial.

Table S.6 includes estimates of insurance rate increases from several alternative
ways to charge policy holders for the cost of erosion damage. By spreading the
costs over a newly created Coastal High Hazard Zone, rates for all policy
holders in both High Hazard Flood Zones (V-zones) and the 60-year Erosion
Hazard Areawill rise roughly $.90/year per $100 of coverage.
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TABLE S.6 Insurance Rate Increases®
High Hazard
Flood Zone, Erosion Subsidized
Not EHA® Hazard Area Rate

Combined Flood and Erosion

Coastal High Hazard Zone $0.90 $0.90 $0.35
Single Zone Erosion Hazard Area
0- to 60-year EHA No increase $2.45 $0.95

Two Zone Erosion Hazard Area
For New Structures
0- to 20-year EHA Noincrease  $11.40 N.A.¢

20- to 60-year EHA No increase $1.75 N.A.
# Surcharges are given in dollars per year per $100 of coverage for a 1-4 family residence. Rates
for new structures and post-1981 structures are calculated to be revenue neutral within each zone.
Assumptions. Federal Insurance Administration (FIA) pays for 85 percent of damage (remainder
iswind damage paid for by private insurers); interest rate is 3 percent; FIA overhead is 35 percent;
subsidized structures pay 38 percent of post-81 rates.
® Erosion hazard area
° Not applicable

If Congress chooses to extend subsidies to some existing structures (similar to
the current flood insurance program, which subsidizes many houses built prior to
1981), those structures would pay increases of about $.35/year per $100 of
coverage.

If rate increases are confined to only those structures in the 60-year erosion
hazard area, rates would have to rise by roughly $2.45/year per $100 of coverage
to fully cover expected losses. Again, if Congress chooses to subsidize some (or
al) current policyholders, following the percentages used elsewhere under the
program would lead to rate increases of roughly $1.00/year per $100 of
coverage.

Congress may prefer to treat future construction differently. Unlike the owners
of existing houses, builders of new homes can choose where to locate. Congress
can give builders of new homes an incentive to build further back from the
shoreline within eroding areas by charging higher rates closer to the shore and
lower rates further inland. Rate increases are shown for two zones, 0-20 and 20-
60 years. Note that rates in the zone closest to the shoreline would have to rise
to $11.40/year per $100 of coverage—over 10 percent of the value of the house
each year. Rate increases in the zone set back from the shoreline could then be
held to a much more modest rate, $1.75/year per $100 of coverage.

The Heinz Center’s mail survey of homeowners found that about half of flood
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policyholders would be willing to buy optional erosion insurance at a cost less
than $1-$2/year per $100 of coverage (see Figure S.6). However, at rates
exceeding $5/year per $100 of coverage, voluntary participation would be quite
low. Thus, most of the rate increases shown in Table S.6 seem within the range
of public acceptability. While the rate increase for new construction closest to
the shore may at first appear unreasonably high, to many homeowners it may
still be preferable to such alternatives as denia of insurance, or outright bans on
construction, for such risky locations. Other options for subdividing the erosion
hazard area are described in chapter 6 of the report.

FIGURE S6 Percentage of households willing to voluntarily purchase erosion
policies.
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1.

INTRODUCTION

Coasta erosion is a problem affecting the shores and communities of the United
States and the environmental integrity of its coasts. Erosion aso affects the
National Flood Insurance Program (NFIP) and NFIP policyholders by causing
damage that leads to claims. A series of Congressional actions, particularly the
National Flood Insurance Reform Act (NFIRA) of 1994 (P.L. 103-325), have
been aimed at assessing and reducing erosion-related losses. Section 577 of the
NFIRA (see Appendix A) mandates that a study be conducted to explore the
effects of erosion and erosion mapping on the NFIP, its policyholders, and
coastal communities prone to erosion. Thisreport is aresponse to that mandate.

The policy options and questions contained in Section 577 were presented and
debated in previous legidative proposals for establishing erosion zones within
the NFIP.! The goal of this study by The H. John Heinz |1l Center for Science,
Economics and the Environment is to improve understanding of the impacts of
erosion and erosion-related flooding on the NFIP, other federal programs, and
coastal communities. Rather than prescribe a specific policy, this report presents
a range of policy options and recommendations, and evaluates their economic
impact as well as their effectiveness in reducing erosion losses. In particular, the
study

« determines the extent of coastal property at risk from erosion and related
hazards, particularly flooding;

« estimates the expected damage from flooding and erosion over the next 60
years;

! House bills: H.R. 4461, 1990; H.R. 1236, 1992; H.R. 62, 1993; HR 3191, 1994. Senate
bills: S. 1650, 1991; S. 2907, 1992, S. 1405, 1993.
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« evauates the economic effects of policy changes to the NFIP that would
require erosion mapping; and

« compares these changes to other possible policy measures or actions.

CONDUCT OF THE STUDY

The Evaluation of Erosion Hazards study was conducted in three phases. In
phase 1, the Federa Emergency Management Agency (FEMA) contracted with
various state agencies to produce 60-year erosion hazard areas (EHAS) in 27
counties. The Heinz Center conducted phases 2 and 3, which included a field
survey of structures and an economic analysis of policy changes in EHAs. The
Heinz Center aso performed case studies of community responses to coasta
erosion. Each phaseisdescribed briefly below.

Phase 1: Mapping Erosion Hazard Areas

In 1995, FEMA initiated the mapping of 27 counties distributed among 18
coastal and Great Lakes states. The agency allocated funds to state coastal zone
management agencies, or their designees, to map the following features:

« 60-year EHAS, calculated by multiplying erosion rates at each site by 60
years,

« current Flood Insurance Rate Map (FIRM)-based flood zones, including V-
zone/A-zone? boundaries and some A-zone/X-zone boundaries, both with
associated base flood eevations (BFES) and gutter lines (i.e., contour lines
within flood elevations that separate areas with different BFEs); and

+ 60-year projected FIRM-based flood zones. These zones were determined
by projecting the current FIRM-based flood zones landward by
approximately the distance that the beach is expected to erode during the
next 60 years (i.e., the width of the 60-year EHA).

The methods used and results of the phase | erosion hazard area mapping are
described more fully in Appendix B and in Crowell and Leatherman, 1999.

Phase 2: Structure Inventory and Geographic Information System
Development

Using the 60-year projected erosion hazard zones, the number of structures in
each EHA was approximated for all 27 counties. The Heinz Center's

2 The various zones, which indicate differing risks of flooding, are defined and discussed in
Chapter 3.
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subcontractor, Spatial Data Institute, conducted field survey measurements of
11,234 structures in or near 60-year EHAS. Because of cost constraints and the
limited availability of assessment data on structures, field surveys were
conducted in only 18 of the 27 counties (see Figure 1.1). All geographic regions
of the United States were represented in the study.

Structures were sampled within representative sampling transects distributed
throughout the entire length of mapped coastline® The transects included both
eroding and non-eroding areas, as well as varying flood heights and zone
designations (e.g., V-zone, A-zone, and X-zone). Using the Globa Positioning
System and conventional survey techniques, the surveyors located the latitude
and longitude coordinates of each structure accurate to within 3 feet and the
vertical elevation of the lowest floor accurate to within 6 inches.

Detailed structure and parcel attribute information was obtained from each local
government’s tax assessment office. This information was combined with the
field survey data and plotted on the 60-year EHA maps in a geographic
information system. A description of attributes collected or calculated for each
structure is provided in Appendix C.

The NFIP policies in force and clams data from the Federal Insurance
Administration for the 27 counties mapped by FEMA aso were obtained.
Detailed property attributes, such as sales price and interior features, were
acquired through amail survey of owners of field-surveyed properties. Finally, a
database of coastal erosion rates and census block groups adjoining open-ocean
coastlines nationwide was developed to extrapolate nationwide erosion losses
and the effects of policy changes on the NFIP and coastal communities.

% Two counties, Sussex, DE and Glynn, GA, were selected as pilot tests for the field survey
work and were sampled in their entirety.
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FIGURE 1.1 Average Annua Erosion Rates (feet/year) within Counties studied in
The Heinz Center’ s Evaluation of Erosion Hazards

Lincoln, OR_ﬁ
<1 ftlyear i
Y Manitowoc,/ WI Sanilac, M)

1-2ftlyear \ﬂ ‘/ <1 ftlyear
Ozaukee, W,
<21#/y22r — o Suffolk, NY
Racine, Wi 1{ 1-2ftlyear

<1 flyear Befrien, Ml 3— Sussex, DE
SantaCruz, CA__.g, < 1/ftlyear. 3 -4 ftlyear
<1 ft/year
. Dare, NC
‘\% 2 - 3 ftlyear
Brunswick, NC
] ad'/ 1 -2 ftlyear
San Diego, CA — = Segrﬁfy‘;’zﬁ” s¢
<1 ft/lyear I Glynn, GA
1-2 ftlyear

k'_ Brevard, FL
<§Galveston, X <1 ftlyear
5- 6 ftlyear
Brazoria, TX F

5-6 ftlyear Lee, FL
< 1ftlyear

Phase 3. Analysis of Coastal Erosion Impacts and Potential Policy
Changes

The Heinz Center focused on analyzing the impacts of erosion and the effects of
policy changes on the NFIP and coastal communities. The economic impact
analysis included two major components. estimates of the impacts of erosion
and evaluation of the impacts of possible changes in the cost and availability of
flood insurance within the mapped EHAs. The first component answers the
guestion, “How big a problem is coastal erosion?” The second component
develops the “building blocks’ needed to address the options suggested by the
U.S. Congressin Section 577. The analysis of the impacts of erosion considered
the following elements:

+ value of the structures damaged by erosion,
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« Nationa Flood Insurance Fund (NFIF) compensation to policyholders for
erosion-related flood |osses, and

« changesin the value of residential and commercial propertiesin communities
with erosion hazards.

The following set of policy options or “packages’ (some dependent on mapping
and others not), reflecting a range of possible responses to erosion hazards as
broadly defined by Section 577, were evaluated:

1. maintain the status quo (i.e., no change in policy);
2. erosion mapping and dissemination aone;

3. creation of a coastal high hazard zone, including both high flood and erosion
Zones,

mandatory erosion surcharge on flood insurance in erosion zones,

erosion surcharge combined with regulatory measures to reduce damages;
flood-related regulatory changes in erosion zones;

erosion insurance in bluff areas susceptible to erosion but not flooding;
relocation assistance and/or land acquisition; and

© o N o g M

shoreline protection measures (i.e., nourishment, dune restoration, and
structural measures).

For each of the eight policy alternatives to the status quo, the three types of
economic impacts listed above were evaluated and compared with the impacts of
erosion under current policies and management regimes.

Community Responses to Coastal Erosion

As part of this study, The Heinz Center conducted five case studies of
community responses to coastal erosion. The purpose of this research was to
understand more fully how communities currently respond to erosion hazards in
the absence of a comprehensive shoreline protection program coordinated by
federal, state, and local governments; which factors influence local shoreline
protection policy or management; and how changes to the NFIP would affect
local efforts to manage coastal erosion. The case studies involved interviews of
coastal property owners, community officials, coastal managers,
environmentalists, and others affected by coastal erosion. Based on these
interviews, Appendix F describes current responses to erosion, how communities
might react to policy changes at the federal level, and how their concerns can be
addressed. Examples from this study of community responses also can be found
in Chapter 4.
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REPORT ORGANIZATION

This report presents an analysis of the impacts of erosion on the NFIP, related
federa programs (e.g., disaster assistance), and coastal communities (including
individual property owners) as well as the potential effects of policy changes.
The report includes descriptions of the nature and extent of coastal erosion
hazards, the roles of insurance and the federal government in reducing erosion
losses, actions and response measures for reducing erosion losses that are
available to individuals and communities, and how these responses may be
affected by policy changes. The other chapters of the report and the appendices
address the following topics:

Chapter 2 describes the physical nature of shorelines in context with coastal
development.

Chapter 3 describes the major components and history of the NFIP. The
program’s current approach to coastal flooding and erosion hazards is described.
Past and current policy reform proposals are reviewed.

Chapter 4 reviews the decision-making context for addressing coastal erosion
hazards. The current approaches to erosion management are described. The
causes, effects, and distribution of erosion hazards and current federal, state, and
local management policies and responses also are reviewed.

Chapter 5 analyzes the economic impact of erosion, focusing on the extent of the
coastal erosion problem both today and over the next 60 years assuming that no
changes to current management approaches or policies are made. Using the data
obtained from the sample of 18 communities and census block groups, the total
expected flood and erosion damage per $100 of house value is estimated and the
results extrapolated nationwide. The effects of erosion on current house values
and rates of coastal development also are explored.

Chapter 6 describes a series of possible changes in policy, analyzes the potential
impact of each change, and discusses how these changes might alter the trends
observed today. Foodplain management and mitigation activities, which play
central roles in reducing losses from natural hazards, are addressed in this
analysis. The costs and benefits of completing the mapping of EHASs nationwide
(which depend on the changes, if any, to NFIP policies) are compared to benefits
that would accrue from equivalent expenditures on other possible erosion and
flood-related mitigation activities not requiring EHA maps. The Heinz Center’s
recommendations for these changes to the NFIP are presented and discussed.

Appendix A contains Section 577 of the National Flood Insurance Reform Act of
1994 which mandated the Evaluation of Erosion Hazards study.
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Appendix B, Coastal Erosion Hazards Study: Phase One Mapping (Crowell et
a., 1999), describes the initial phase of this study which mapped erosion hazard
areasin 27 coastal counties.

Appendix C, Field Survey of Sructures and Geographic Information System
Methods, provides a detailed explanation of the collection of structure data and
the resulting GIS project.

Appendix D, Economic and Actuarial Analysis Methods, contains four reports:
1) Coastal Erosion Hazards: The University of Georgia’s Results examines the
economic effects of flood insurance pricing and availability on housing values,
the loca community, and the coastal ecosystem; 2) Flood Insurance, Erosion,
and Coastal Development describes how development in coastal beachfront
areas is affected by erosion and the availability of federa flood insurance; 3)
Estimating Expected Damage to Sructures describes the data and methods used
to estimate flood and erosion damage to structures; and 4) Erosion Ratemaking
Procedures and Tables describes the methods used to quantify erosion losses,
and shows, by region and erosion hazard zone, the amount of surcharge on
existing rates needed to insure against erosion |osses.

Appendix E lists the communities nationwide that are likely to be identified as
having erosion hazard areas.

Appendix F, Community Response to Coastal Erosion, describes how
communities currently deal with erosion in the absence of a comprehensive
federal-state-local shoreline protection program and explores how a change in
NFIP policy would impact local efforts.

Appendix G is the Questionnaire for Property Owners, part of the National
Coastal Property Survey.
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2.

CHANGING SHORELINES
OF THE UNITED STATES

The shorelines of the United States are dynamic and diverse, shaped by both
natural processes and human intervention. Principal U.S. shoreline types include
the following (National Research Council,1990):

crystaline bedrock (e.g., central and eastern Maine coast);

eroding bluffs and cliffs (e.g., the Great Lakes; outer Cape Cod; parts of
Long Island, New Y ork; the Pacific Coast);

« pocket beaches between headlands (e.g., southern New England, California,
Oregon);

« strandplain beaches attached to mainland (e.g., Myrtle Beach in South
Carolina);

+ barrier beaches (e.g., generally along Atlantic and Gulf of Mexico coasts);
cora reef and mangrove (e.g., South Forida); and coasta wetlands (e.g.,
Southern Louisiana, areas landward of barrier beaches).

The physical diversity of shorelines is mirrored by the varied nature and extent
of the erosion problem. Coastal erosion is a complex physica process
influenced by both natural factors and human activities. Natural factors
contributing to erosion include sand supply; changes in sealevel or Great Lakes
water levels, geologic characteristics, sand-sharing systems of beaches and
dunes; and the effects of waves, currents, tides, and wind. Table 2.1 lists the
natural factors that affect shoreline change on the ocean coasts.
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TABLE 2.1 Natural Factors Affecting Shoreline Change

Factor Effect Time Scale Comments
Sediment supply ~ Accretion/ Decadesto Natural supply frominland (e.g.,
(sources and Erosion millennia river floods, cliff erosion) or
sinks) shoreface and inner shelf sources
can contribute to shoreline stability
or accretion
Sealevel rise Erosion Centuriesto Relative sealevel rise, including
millennia effects of land subsidence, is
important
Sealevel Accretion/ Months to Causes poorly understood,
variability Erosion (for years interannual variations that may
increasesin sea exceed 40 years of trend (e.g., El
level) Nifio)
Storm surge Erosion Hourstodays  Very critical to erosion magnitude
Large wave Erosion Hoursto Individual storms or seasond
height months effects
Short wave Erosion Hoursto Individual storms or seasonal
period months effects
Waves of small Accretion Hoursto Summer conditions
steepness months
Alongshore Accretion, no Hoursto Discontinuities (updrift #
currents change, or millennia downdrift) and nodal points
erosion
Rip currents Erosion Hoursto Narrow seaward-flowing currents
months that may transport significant
quantities of sediment offshore
Underflow Erosion Hourstodays  Seaward-flowing, near-bottom
currents may transport significant
quantities of sediment during
coastal storms
Inlet presence Net erosion; high  Yearsto Inlet-adjacent shorelines tend to be
instability centuries unstable because of fluctuations or
migration in inlet position; net
effect of inletsis erosional owing to
sand storage in tidal shoals
Overwash Erosion Hourstodays  High tides and waves cause sand
windward/ transport over barrier beaches
accretion leeward
Wind Erosion Hoursto Sand blown inland from beach
centuries
Subsidence Erosion Years Withdrawal of subsurface fluids
Compaction  Erosion/accretion Instantaneous  (natural/human induced)
Tectonic Centuriesto  Earthquakes
millennia Elevation or subsidence of plates

SOURCE: Reprinted from National Research Council (1990) with permission.
Copyright © 1990 by the National Academy of Sciences.
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Human activities that can alter natural processes include dredging of tidal
entrances, construction of jetties and groins, hardening of shorelines with
seawalls, beach nourishment, and construction of harbors and sediment-trapping
dams. Shoreline engineering structures, often built to protect development, can
be undermined by ongoing erosion. This chapter provides an overview of
shoreline characteristics by region of the United States and the impact of coastal
development on the erosion problem.

The nation’'s shorelines are receding at an average rate of dightly more than 1
foot (ft) per year (yr), but rates vary significantly across regions and shoreline
types (Leatherman, 1993).  According to Galgano (1998) and Leatherman
(1993), 80 to 90 percent of the sandy beaches in the United States are eroding.
The East Coast erosion rate averages 2—3 ft/yr. However, these rates can vary
over short distances (e.g.,, 1 mile or less) because of geology, inlets, and
engineering structures. Two types of losses can be caused by erosional
processes. Thefirst is shoreline retreat, characterized by beach and bluff erosion
that undermines structures (see Figure 2.1).

The second is increased flood damage caused by a combination of erosiona
processes, such as scour, and changes in beach profile that increase flood risk. It
is nearly impossible, however, to separate erosion damages from flood damages
because both tend to occur together during large storms (National Research
Council, 1990).

FIGURE 2.1 The shore eroded
beneath this lighthouse on Morris
Island, SC, placing it hundreds of

feet into the ocean. i L

e

(Photo by Stephen P. Leatherman, 1989)
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Severe storm events, such as hurricanes, can cause extensive vertica and
horizontal erosion of the beach and primary dunes. These erosion events are
followed by extended periods of accretion, in which the beach partialy builds
back, but often not completely, to its pre-storm position (see Figure 2.2)
(Douglas et al., 1998; Zhang et a., 1997). Increased development and
population growth increases the potential of a major disaster from the combined
effects of hurricane force winds, coastal flooding, and erosion of beaches (Dean,
1999; Godschalk et al., 1989; Godschalk et al., 1998). Many scientists believe
that rising global temperatures may change the frequency and severity of
extreme weather events, leading to increasing damages in the decades ahead,
although observations of hurricane frequency over the past 100 years do not
reveal an upward trend (Zhang et al., 1997).

Although sediment supply and coastal storms are important factors affecting a
specific reach of shoreline, sea level rise affects all shorelines and is perhaps the
dominant process determining the rate of shoreline movement and position
(Zhang et a., 1997). During the last century, the global average sea level has
risen about 1.0 to 2.5 millimeters per year (Douglas, 1995). Because of
subsidence, the average rise is approximately 1 ft (approximately 30 centimeters
[cm]) per century along the Atlantic and Gulf coasts. However, some parts of
Maine and the Pacific Northwest actually have experienced relative sea level
decline because of post-glacial rebound or tectonic causes (Leatherman, 1993;
Douglas, 1995). Other areas, such as Louisiana, are experiencing higher than
average rates of sea level rise because of subsidence caused by natural processes
and human activities (e.g., il, gas, and groundwater pumping).

FIGURE 2.2 Average shoreline positions in parts of Long Island, NY have
fluctuated over the past 160 years but overall have receded approximately 350 feet.
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SOURCE: Florida International University Laboratory for Coastal Research, 1998
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Figure 2.3 shows National Oceanic and Atmospheric Administration tide gauge data
at selected U.S. cities. Although the rate of sea level rise seems relatively small—on
the order of centimeters—it is still significant, because a small vertical change in
water level can shift coastlines dramatically inland, depending on the slope of the
coast.

Research has revealed an important relationship between sea level rise and sandy
beach erosion. On the U.S. East Coast, historical time-series data show that erosion
rates on sandy beaches—uninfluenced by inlets or engineering modifications—are
roughly 150 times the rate of sea level rise (Leatherman et al., 1999). For example,
a sustained rise of 10 cm in sea level could result in 15 meters of shoreline retreat.
This amount of erosion is more than an order of magnitude greater than would be
expected from a simple response to sea level rise through inundation of the shore.

At present, it is not possible to make a very confident statement about the relative
contributions of specific natural and anthropogenic forcings to observed climate
change (Barnett, et al., 1999). The Intergovernmental Panel on Climate Change
projects a global rise in sea level of between 15 cm and 95 cm, with a “best
estimate” of roughly 50 cm by 2100 (Houghton et al., 1996). These estimates imply
that current rates of sea level rise will accelerate in the future; this will exacerbate
the present erosion problem by increasing the rate of beach loss (see Box 2.1).
However, the seriousness of coastal erosion calls for urgent action irrespective of
possible acceleration in sealevel rise.

FIGURE 2.3 U.S. sea levels generally have been rising during this century (1900-
1997), although there are some isolated exceptions, such as Sitka, Alaska, which are
generally related to tectonic uplift of the land.
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BOX 2.1 Sealevel rise and coastal erosion

Observed rates of sea level rise

Global mean surface temperature has increased by between about 0.3 and 0.6°C since the late
19" century. Over the past 100 years, global sea level has risen between 10-25 cm (about 6
inches), primarily in response to thermal expansion of the oceans and melting of mountain
glaciers. The mean trend for global sealevel rise was about 1.9 mm/year. Regional sealevel
changes differ from the global mean value for many reasons, such as tectonic uplift or
subsidence of the land surface (see Figure 2.2).

Projected rates of sealeve rise

Average sea level is projected to rise somewhat more rapidly because of thermal expansion of
the oceans and melting of glaciers and ice-sheets induced by greenhouse gases. According to
the IPCC’s “business as usual” scenario, sea level is projected to rise by 20 cm by the year
2050, within a range of uncertainty of 7-39 cm (Houghton et al., 1996). The IPCC *business
as usua” projection for global mean sea level rise for the next 50 years is roughly 10 cm
higher than might be expected from the trends of the last 100 years. Most of the projected rise
in sealevel is because of thermal expansion, followed by increased melting of glaciersand ice

caps.

Implications for erosion hazard areas

Sandy beaches retreat landward in response to sea level rise.  On the Atlantic Coast, long-
term shoreline retreat has averaged about 150 times that of sea level rise (Leatherman et
al.,1999). Thus, a sustained rise of an additional 10 cm in sealevel could result in 15 meters
(about 50 feet) of beach erosion. Absent protective measures (e.g., shoreline armoring or
beach nourishment), an accelerated rate of sea level rise would result in increased rates of
inland shoreline retreat.

The 60-year erosion maps prepared for this study are based upon historical shoreline records
that typically date from the 1930s or earlier. These projections reflect historical rates of sea
level rise but do not incorporate the IPCC'’ s estimates for future rates of sealevel rise. Using
the IPCC sea level rise estimates would increase the rate of shoreline movement by about 1
ft/yr. For comparison, erosion rates along the Atlantic Coast averaged 2-3 ft/yr over the last
century. Thus, more existing structures would be vulnerable to erosion damage over the next
60 years than forecasted in this report.

However, the forecasted rates of sea level rise are based on highly uncertain assumptions
regarding rates of thermal expansion of the oceans, melting or accumulation of ice cover, and
surface water and ground water storage. Tide gauge records show no statistically significant
evidence suggesting global warming has accelerated sea level rise over the past 100 years
(Douglas, 1992; Houghton et al., 1996). Short term variations in sea level that endure for a
decade or more can distort evidence of sea level rise acceleration. The range of uncertainty
within sealevel rise forecastsis expected to narrow as techniques for measuring and modeling
changesin sealevel, climate, and ice sheetsimprove.

14
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REGIONAL CHARACTERIZATION OF EROSION AND
RELATED HAZARDS

Coastal erosion hazards and the vulnerability of development and infrastructure
vary significantly by geographic region in the United States. Five distinct coasta
regions—Atlantic and Gulf, Pacific, Great Lakes, Hawaii, and Alaska—are
described below.

Atlantic and Gulf Coasts

The Atlantic Coast, which spans approximately 3,300 miles (mi) (Federa
Emergency Management Agency, 1989), is composed of two parts. the glacia
northeast, extending from Maine to northern New Jersey; and the coastal plain,
extending southward from New Jersey to Florida* The cliffs along southern New
England generally are composed of eroding glacial deposits, with some exceptions,
such as the rocky headlands in Northern Maine; Point Judith, Rhode Island; and
Cape Anne, Massachusetts. Much of the New England coast is relatively stable, or
has erosion rates of lessthan 1 ft/yr. However, in Massachusetts, long-term erosion
rates average approximately 3 ft/yr along the outer shore of Cape Cod, and often
exceed 6 ft/yr along the south shore of Martha's Vineyard and 8 ft/yr along the
south shore of Nantucket Island. Coastal erosion is a continuing problem aong the
shores of northern New Jersey and New Y ork, which are among the most urbanized
in the country. Much of the developed shoreline of New Jersey has been stabilized
with seawalls and other armaments, which in some areas have caused extensive
beach loss (Bush et al., 1996).

The Gulf Coast extends for 2,200 mi (Federal Emergency Management Agency,
1989) and is the lowest-lying area in the United States. States bordering the Gulf of
Mexico have the highest average erosion rates (about 3 ft/yr) in the nation. Within
the region, Louisiana has by far the most dynamic coastline and, at up to 50 ft/yr,
holds the distinction of having the most rapid erosion rate in the nation (Dolan et
a., 1985). Thisislargely aresult of regional subsidence and changes in sediment
delivery. The state of Louisiana has only two recreationa beaches, Grand Isle and
Holly Beach. Although Grand Isle was nourished recently, the high cost of sand
relative to the value of the property to be protected likely will preclude any future
projects. Texas has the most extensive sandy coastline in the Gulf, but much of the
area is neither inhabited nor easily accessible. The city of Galveston has been
effectively protected by a nearly century-old seawall and landfill, but the natural
beach in front of the seawall has been lost (National Research Council, 1990) (see
Figure 2.4). The west end of Galveston County and other areas, however, are not
protected and are vulnerable to erosion and flood hazards.

* Shore miles are measured as length of open-ocean coastline, as defined by the Federal
Emergency Management Agency (1989), and include bay shorelines (e.g., Chesapeake Bay,
Delaware Bay, Long Island Sound).
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FIGURE 2.4 The city of Galveston, Texas, is protected by a seawall but has logt its
natural beach.
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(Photo by The Heinz Center)

Barrier islands are the most dynamic land masses along the open-ocean coast.
They consist of a chain of roughly 300 separate, low-lying islands that line the
Gulf and Atlantic coasts from Maine to Texas. Barrier islands are composed
primarily of loose sand and are subject to multiple natural hazards, including
flooding, wind, waves, and sediment transport, as well as extreme storm events
and long-term sea level rise. Barrier island coastlines aso have been retreating
landward for thousands of years in response to slowly rising sea levels. They
have been maintained, albeit in more landward positions, through processes of
inlet movement, overwash, and dune migration (Leatherman, 1988).

The change in shoreline position at the Cape Hatteras lighthouse in North
Carolina illustrates the problem of long-term erosion of barrier idands (see
Figure 2.5). When constructed in 1870, the lighthouse was 1,500 ft from the
shore. Protective measures to reduce the rate of beach erosion in front of the
lighthouse provided a temporary solution, but, by late 1987, the lighthouse stood
only 160 ft from the sea and was in danger of collapsing because the erosion rate
had averaged 15 ft/yr (National Research Council, 1988). In 1999, after years of
debate and lawsuits aimed at blocking a relocation, the National Park Service
successfully moved the lighthouse back 2,900 ft at a cost of $9.8 million
(National Park Service, 1999).

The Atlantic and Gulf coasts are at great risk from storm-related erosion because
they are vulnerable to hurricanes as well as winter storm events. Total insured
property exposures for this region have increased by 70 percent since 1988
(Insurance Research Council and Insurance Institute for Property Loss
Reduction, 1995), and financial exposures are expected to continue to rise as the
coastal population and economic activity increase. Hurricane Hugo, which
struck the coast in 1989, caused $7 billion in damages to coastal properties in
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North Carolina and South Carolina (Nationa Oceanic and Atmospheric
Administration, 1990). Prior to Hugo, the insurance industry never had incurred
a loss from a single disaster that exceeded $1 billion in damages (Kunreuther,
1998).

FIGURE 25 Coastad erosion threatens the foundation of the Cape Hatteras
lighthouse, as shown in (a); in response, it was relocated back from the ocean in
1999, as shownin (b).

(a) 1989 - The ocean
encroaches upon the Cape
Hatteras lighthouse, built in
1870.

(b) 1999 - Ten years later,
the National Park Service
moved the Cape Hatteras
lighthouse back 2,900 feet.

(Photo by Drew Wilson, The Virginia Pilot)
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In 1992, Hurricane Andrew became the most costly storm-related disaster in
U.S. history, with (mostly wind-related) damages exceeding $15 hillion
(Insurance Research Council and Insurance Institute for Property Loss
Reduction, 1995). Scientists point out that the past two decades have been a
relatively quiet period for Atlantic hurricane activity; however, some researchers
believe that a new cycle of increased hurricane activity has begun, ushered in by
hurricanes Georges and Mitch in 1998 (Gray et a., 1999).

Table 2.2 shows the frequency of hurricane landfalls by Saffir-Simpson
Category on the mainland United States between 1899 and 1999. Over short
periods of time, the actual number and timing of landfalls and passages may
deviate substantially from the long-term average; some years have little tropica
cyclone activity, whereas other years might have a number of landfalls.

Pacific Coast

The Pacific coastline of the conterminous United States (California, Oregon, and
Washington) extends for 1,700 mi (Federa Emergency Management Agency,
1989) along the open ocean and encompasses a wide range of shore types,
including mainland beaches, pocket beaches, bluffs and cliffs, and lagoons and
river channels. Much of the Pacific coastline consists of narrow beaches backed
by steep sea cliffs that are composed of crumbly sedimentary bedrock and are
therefore unstable. In addition, the cliffs are heavily faulted and cracked, and the
resulting breaks and joints are undermined easily by wave erosion (Flick and
Sterrett, 1994). The maority of cliff erosion occurs in episodic events, such as
severe winter storms, high rainfall, high tides, and elevated sea levels, especially
during El Nifios (Flick and Cayan, 1984; Seymour et al., 1985). Landslides
triggered by earthquakes, groundwater seepage, or other geologic processes also
can cause bluff failures. Cliff erosion is site specific and episodic. In some
locations, the cliffs have retreated tens of feet, whereas 50 to 100 ft away, there
is no retreat at all (Kuhn and Shepard, 1984). As a result, long-term average
annual erosion rates are usually less than 1 ft/yr, but these low averages hide the
true nature of large, episodic events.

Coasta storms also play a significant role in the erosion of beaches and coastal
cliffs. The El Nifio winter of 1982—1983 set the stage for severe storm-induced
erosion damage to structures along the California coast. It caused over $100
million in coastal property damages, including the loss of 33 oceanfront homes,
damage to 300 more houses and 900 businesses, and $35 million in losses to
coastal public recreational infrastructure (Flick, 1998). The 1997-1998 El Nifio
again caused extensive erosion of Pacific Coast beaches and left many cliff-top
buildings increasingly exposed to storm- and erosion-related |osses.
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TABLE 2.2 Hurricane Direct Hits on the Mainland U.S. Coastline and for Individual
States from 1899-1999 (by Saffir-Simpson Category?)

A Category Number All Major
rea 1 2 3 4 5 12345 345

U.S. Tota

(Texas to Maine) 58 % 47 15 2 158 64
Texas 12 9 9 6 O 36 15

(North) 7 3 3 4 0 17 7

(Central) 2 2 1 1 0 6 2

(South) 3 4 6 1 0 14 7
Louisiana 9 5 8 3 1 26 12
Mi ssissippi 1 1 5 0 1 8 6
Alabama 4 1 5 0 O 10 5
Florida 17 16 17 6 1 57 24

Northwest 10 8 7 0 O 25 7

(

(Northeast) 2 7 0 0 0 9 0

(Southwest) 8 3 6 2 1 20 9

(Southeast) 6 10 7 4 0 27 11
Georgia 1 4 0 0 0 5 0
South Carolina 6 4 2 2 0 14 4
North Carolina 10 5 11 1® 0 27 11
Virginia 2 1 1° 0 o0 4 1°
Maryland 0 1° 0 0 O0 1° 0
Delaware 0 0 0 0 O 0 0
New Jersey 1° 0 0 0 O 1° 0
New York 3 1®* 5 0 0 9 5P
Connecticut 2 3° 3 0 0O 8 3P
Rhode Island 0 2 3P 0 0O 5P 3P
M assachusetts 2 2P 2% 0 0O 6 2P
New Hampshire 1° 1° 0 0 ©0 2° 0
Maine 5P 0 0 0 O 5P 0

& The disaster potential of hurricanesis rated according to the Saffir-Simpson Hurricane Scale.
Categories 1 and 2 are relatively minor, with sustained winds of 74 to 110 miles per hour (mph);
Categories 3 through 5 are magjor, with sustained winds greater than 111 mph.

® Indicates all hurricanes in this group were moving faster than 30 mph.

Note: State totals will not necessarily equal U.S. totals, and Texas or Floridatotals will not
necessarily equal sum of sectional totals because of multiple hurricane landfalls.

SOURCE: NOAA, 1997, with 1997 -1999 landfall hurricane datafrom Nationd
Hurricane Center
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Great Lakes

The Great Lakes coasts extend for 3,600 mi (Federal Emergency Management
Agency, 1989), and are composed of a variety of shore types, ranging from high
rock bluffs to low plains and wetlands. Coastal erosion in the Great Lakes is
affected by many factors, including cyclically changing lake levels, disruption of
longshore transport of beach building material, and storms. Rates of bluff and dune
erosion aong the shores of the Great Lakes vary from near zero to tens of feet per
year because of annua variability in wave climate and lake levels (Nationa
Research Council, 1990). The Great Lakes have experienced a series of high lake
levels in the past two decades, with the highest peak occurring in 1987 (U.S. Army
Corps of Engineers Detroit District, 1997). High lake levels increase bluff
recession rates by increasing wave attack on the base of the bluff.

In many areas of the Great Lakes, bluff erosion produces beach-building sediments.
However, both tributary and shoreland sources of sediment are depleted by
navigational improvements and dredged material disposal practices, which remove
these sediments from the littoral system. Ice ridges that form and break up each
winter along the shoreline also cause erosion by trapping sand in floating fragments
of ice that are carried offshore into deep water. This continuing natural process is
one of the principal mechanisms by which sand is lost from the nearshore system
(U.S. Geologica Survey, 1992). The hardening of the lakeshore with erosion
control structures can also reduce sediment supply and adversely affect natural
processes.

Hawaii

Coastal erosion isawidespread and locally severe problem in the Hawaiian Islands,
which have 500 mi of coastline (Federal Emergency Management Agency, 1989),
and elsawhere in the Pacific tropical region. The Hawaiian coastline is susceptible
to high waves associated with hurricanes, tsunamis, and large seasonal swells that
can cause extensive short-term erosion. The average long-term erosion rate in
Hawaii is less than 1 ft/yr (Coyne et a., 1998). Human activities have aggravated
coastal erosion problems on the Hawaii coastline by restricting sediment supply and
reducing beach width. Erosion protection measures have focused on constructing
shoreline-hardening structures, such as revetments and seawalls (Coyne et 4.,
1998). Hardening the shoreline restricts the transport of sand located landward of
the vegetation line, thus starving the beach of a sand supply and possibly leading to
total beach loss (Hanson and Kraus, 1986; Bush et al., 1986). The mean beach
width along armored shorelines is half of the mean beach width adjacent to
unarmored, freely migrating shorelines (Fletcher, 1997). Beach nourishment and
restoration activity is limited to Waikiki Beach on Oahu, a popular tourist
destination, but efforts are under way to extend that practice (Coyne et al, 1998).
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Alaska

Alaska s 6,600-mile coastline (excluding bays and fjords) is subject to periodic, yet
severe, erosion (United Nations Conference on Environment and Development,
1992). Alaska’s northern coastline is icebound for most of the year. The ice season
lasts from November to April on most of the Bering Sea coast, longer along the
Chukchi Sea, and still longer on the Beaufort Sea coast, where it usualy lasts 9 to
10 months (Weller and Anderson, 1998). Along this northern coastline, Alaska
experiences some of the highest erosion rates in the world during its few ice-free
months (National Research Council, 1995). The high coastal erosion rates
generally are caused by seasonal storm surges, the thawing of permafrost, and the
breaking off of chunks of shoreline by moving ice; some of the area's barrier
islands are moving landward at a rate of 23 ft/yr (Williams et al., 1995). Other
geologic forces such as earthquakes, landslides and land subsidence contribute to
the state’s erosion problems. In 1964, an earthquake caused huge landslides in
Anchorage. In coastal areas surrounding the city, enormous blocks of earth that
had been stable for years fell into the sea as the unconsolidated gravel and clay
beneath them gave way. Fortunately, there are few if any houses or structures at
risk from erosion along this largely barren coastline.

COASTAL DEVELOPMENT AND EROSION HAZARDS

Coastal areas are a popular destination for tourism and recreational activities. Each
year, approximately 180 million Americans spend approximately $74 billion on
visits to ocean and bay beaches (Houston, 1996). U.S. coastlines al'so have growing
appeal as international tourism destinations (Houston, 1996; National Oceanic and
Atmospheric Administration, 1998). Waterfront property values and vacation
rental rates are substantially greater than those of non-waterfront properties, making
the ocean and Great Lake coasts attractive locations for second homes and
investment properties.

Coasta development and loss of property from storm surge, wind, erosion, and
related hazards are ongoing problems that date back to the early history of the
United States (Leatherman, 1991). Although erosion rates and storm activity have
varied over time, coastal populations, development, and infrastructure have
increased dramatically since World War 1. Within the United States, coastal
counties have grown at arate equal to or greater than the national average (National
Oceanic and Atmospheric Administration, 1998). Beginning in the 1950s, rising
incomes, improvements to transportation infrastructure and access, increased
automobile ownership, and more leisure time made coastal vacationing desirable
for a growing proportion of the population. Proximity to urban areas was, and
continues to be, a magor factor influencing the rate and nature of coastal
development. At the same time, access to shore communities has improved greatly.
Bridges, causeways, and other infrastructure (e.g., utilities, sewers) were primary
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factors in determining the location and rate of development in coastal communities
(Cordes and Yezer, 1995; Bush et al., 1996). These and other factors transformed
many beach communities from sparsely developed summer camps and fishing
villages into moderately to densely populated areas, despite the presence of natural
hazards such as erosion, flooding, and wind (Burton et al., 1969) (see Figure 2.6).
This rapid increase in coastal development began well before the National Flood
Insurance Program (NFIP) was implemented in the early 1970s.

Approximately half a million people live within 500 ft of the 10,000 mile long
ocean and Great Lakes shorelines of the lower 48 states and Hawaii. Table 2.3
shows the geographic distribution of coastal population within this narrow corridor
by region and state. This estimate is based on an analysis of “block group level”
housing data, the most detailed publicly available information from the 1990 census
(Bureau of the Census, 1998b). The data shown exclude the densest parts of urban
areas (e.g., Miami, New York, Los Angeles, Chicago), which are heavily protected
from erosion.

Extensive development has occurred in coastal areas and the trend continues.
Approximately 350,000 structures are located within 500 ft of the shoreline (again,
excluding the densest parts of urban areas). A large potentia for investment return,
combined with favorable tax laws and the common desire to own beachfront
property for personal use, creates strong incentives for individuals to maximize
existing and future shorefront development. Likewise, communities see benefitsin
allowing development in the form of a larger tax base and increased tourism
revenues.

FIGURE 2.6 High-rise buildings line North Miami Beach, Florida. A “City on the
Beach,” approximately 3.7 million people lived in the Miami — Fort Lauderdale
metropolitan area as of 1998 (Bureau of the Census, 1998a).

(Photo by Stephen P. Leatherman, 1995)
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TABLE 2.3 U.S. Population Within 500 Feet of the Shoreline, 1990%

Region State Population” Total
Atlantic Connecticut 7,000

Delaware 1,000

Florida 81,000

Georgia 1,000

M assachusetts 36,000

Maryland 1,000

Maine 4,000

North Carolina 5,000

New Hampshire 1,000

New Jersey 19,000

New York 6,000

Rhode Idland 5,000

South Carolina 6,000

Virginia 3,000 176,000
Great Lakes Illinois 14,000

Indiana 3,000

Michigan 34,000

Minnesota 3,000

New York 13,000

Ohio 26,000

Pennsylvania 3,000

Wisconsin 17,000 115,000
Gulf of Mexico Alabama 3,000

Florida 41,000

Louisiana 300

Mississippi 9,000

Texas 2,000 56,000
Pacific Coast Cdifornia 158,000

Oregon 5,000

Washington 17,000 179,000
Hawaii Hawaii 29,000 29,000
Grand Total 555,000

@ Data shown exclude the densest part of urban areas

® Numbers are rounded to nearest thousand.

SOURCE: Adapted from Bureau of the Census, 1998b. Analysis of 1990 U.S.

census block groups by The Heinz Center.
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The costs of natural disasters are rising as more people and structures are
exposed to hazards (Kunreuther, 1998; Godschalk et al., 1998). Between 1980
and 1998, 14 severe storms (12 hurricanes, 1 Nor’easter, and 1 tropical storm)
caused damages to coastal areas of the United States exceeding $1 billion each.
In aggregate, these storms caused approximately $35 hillion in damages
(unadjusted for inflation) and 339 deaths (National Oceanic and Atmospheric
Administration, 1999). In addition, numerous smaller tropical and extratropical
storms caused a great deal of damage. For example, Tropical Storm Frances,
which struck the Gulf of Mexico in October 1998, caused $256 million in
damages in Galveston County, Texas (Figure 2.7). Lax enforcement, a lack of
incentive to provide protective measures in some communities, and the varying
degrees of success achieved through structural shoreline protection have
increased the probability that losses will be increasingly severe in future flood
disasters (National Research Council, 1990, 1995; Kunreuther, 1998).

FIGURE 2.7 Frances, a tropical storm in 1998, caused extensive damage in one
Texas county.

(Photo by The Heinz Center)

A recent study by The Heinz Center (1999), The Hidden Costs of Coastal
Hazards, points out that an improved understanding of the costs of coasta
hazards is essential for accurate risk assessment and wise investment of
mitigation dollars. The study emphasizes that many hidden or unreported costs
related to coastal hazards are imposed on the business community, individuals,
families and neighborhoods, public and private institutions, and natural resources
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and the environment. Although that study focused on weather-related coastal
hazards, such as hurricanes and other severe storms, erosion clearly influences
the stability and condition of coastal property when such disasters strike a
community (see Box 2.2).

Demographic changes in the United States also have played a significant role in
the development of beachfront property and coastal communities. Beach
visitation and recreation aways have been popular activities, but until prior to
World War I1, access to coastal resort areas was limited and the few vacation-
oriented coastal communities that did exist were near large urban centers, such
as Avalon, New Jersey, and Galveston, Texas. At that time, many coastal
communities were settled primarily by fishers and margina farmers and included
some of the poorest areas in the nation (National Oceanic and Atmospheric
Administration, 1998). In remote, little developed areas, it was not uncommon
for coastal counties to give away barrier island land as an additional incentive to
buyers of mainland property within the county. Currituck County in North
Carolina, for example, gave away barrier island property on the Outer Banks to
farmers purchasing tracts on the mainland. The U.S. government purchased
severa barrier islands (e.g., Chincoteague Island, Maryland) and converted them
into parkland because they had no value for farming and were inaccessible for
commerce or trade (Leatherman, 1997).

Important social, cultural, and environmental values attract people to the shore.
People visit and live near the coast for many reasons, including tourism, fishing,
surfing, and other recreational activities (U.S. Environmental Protection Agency,
1995). Coastal areas are aesthetically pleasing places for renewa and relaxation
and offer diverse recreational opportunities, open space, and a milder and more
moderated climate (in certain seasons) than istypical of inland areas.

Conservation of coastal habitats and maintenance of coastal ecosystem services
which can be severely impacted by erosion are growing priorities at the local,
state, and federal levels. Coastal habitats contain a wealth of biological diversity
and habitat types, including wetlands and estuaries, beaches and dunes, and
uplands. In the United States, coastal ecosystems support 45 percent of al
species listed as threatened and endangered, including three-fourths of the
federaly listed birds and mammals (U.S. Fish and Wildlife Service, 1995).
Estuaries and wetlands provide important nursery habitat for fisheries, buffer
upland areas from the effects of storms and flooding, filter water, and reduce
erosion of coastlines by acting as a buffer. Coastal ecosystems support nearly
two-thirds of all fisheries and half of migratory songbirds, and—despite
increased devel opment—comprise one-third of the nation’ s total wetland acreage
(U.S. Fish and Wildlife Service, 1995).

Decisions about coastal land use and rebuilding are influenced by general
awareness of, and responses to, coastal hazards. Individual awareness of coastal
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hazards and understanding of erosion processes have improved over the past
three decades. Early research by Mitchell (1974) and Rowntree (1974) found
that residents of coastal communities had only a modest awareness of coastal
hazards and a poor understanding of the processes contributing to coasta
erosion. Almost 25 years later, lves and Furuseth (1988) found that coastal
residents were cognizant of erosion, viewing it as “a continuous, natural process
with which they must cope.” In their survey, more than 80 percent of the
respondents indicated that they liked their communities and would not leave
because of beach erosion. Similarly, Miller (1992) found that coastal property
owners were knowledgeable about flood and erosion risks when they purchased
their properties. It is uncertain, however, whether awareness of the erosion
hazard is sufficient to stimulate changes in land use and siting of new
development (and redevelopment) is uncertain. The effect of information
programs, such as erosion hazard disclosure requirements, is explored in Chapter
6.

Coastal property owners express strong emotional attachment to their properties
and place psychological value on the oceanfront amenities. They prefer, if
possible, to redevelop or repair a structure damaged by flooding or erosion rather
than relocate or demolish it. Coastal property owners who have been forced to
relocate often move a structure only the minimum distance required by law to
protect it from immediate danger (i.e., not as far back on the lot as possible) so
as to maximize their views and other amenities (see Appendix F). Property
owners repeatedly have indicated a strong preference for building and rebuilding
as close to the oceanfront as possible, despite the threat of floods, erosion, and
other hazards (Ives and Furuseth, 1988; Miller, 1992; Platt, 1998a).

26



CHAPTER 2 - CHANGING SHORELINES OF THE UNITED STATES

BOX 2.2 The Costsof Beach and Dune Restoration in the Carolinas after Major Hurricanes

Severe storms and chronic erosion can, and often do, cause extreme damage along the shoreline,
including a loss of beach sand offshore or downdrift, undermining or overwashing of the dunes that
protect uplands, or, in extreme cases, the cutting of new ocean inlets. In locations where beaches are
backed up by bluffs, beach erosion leads to bluff undermining, slumping, and upland property loss.
Once a beach or dune is lost, its capacity to buffer the next storm is reduced dramatically. Following
major erosion events, the recreationa value of beaches declines sharply, because of both reduced beach
areaand loss of aesthetic appeal. Local tourist dollars are lost altogether or transferred el sewhere.

North Carolina

Hurricane Fran, which struck Topsail Island, North Carolina, caused significant erosion damage to the
built environment, mostly because the natural buffering capacity of the beach and dune system had been
damaged previously by Hurricane Bertha. FEMA paid $4.6 million in Public Assistance (PA) funds to
restore a “five-year berm” along 15 miles of Topsail Island, creating a low (4-5 foot) sand ridge of
various grain size and color aong the landward edge of the beach just in front of the building line (Platt,
1998Db).

South Carolina

Many of these beach and dune impacts—as well as costs—had been experienced after Hurricane Hugo
in 1989. The storm caused serious beach and dune erasion along 65 miles of South Carolina's coast. As
aresult of the beach flattening, the beach widened to nearly 500 feet in some locations, more than twice
its normal width. With such aflat profile and lack of dunes, many properties that were not destroyed by
Hugo were considered at high risk after the storm. This situation provided the impetus for an
emergency beach and dune restoration program to provide immediate protection for threatened inland
properties and, eventually, effortsto restore the recreational beach.

Following Hugo, South Carolina and the federal government joined in a beach and dune system
restoration that had three phases: beach scraping and dune shaping, beach nourishment, and dune
revegetation. This effort cost $9.8 million, comparable to the cost of al South Carolina beach
nourishment projects combined between 1980 and 1988 (Kana, 1990). The state covered approximately
60 percent of these costs, with the federal government (Federal Emergency Management Agency, U.S.
Army Corps of Engineers, and taxpayers nationally) picking up the rest. The return on investment is
likely to be high. By comparison, the annual benefits of coastal tourism in South Carolina are estimated
at $5 billion annualy (Kana, 1990), and beaches are one of the principa attractions.

A number of lessons can be learned from South Carolina' s experience with beach and dune erosion and
subsequent restoration. Some of these relate to beach processes. Major storms such as Hugo are rare,
but they intensify or accelerate normal processes, causing permanent coastal changes. However, much
of the erosion observed after storms reflects a temporary shift of sand to offshore bars. Most of that
sand will likely return to the beaches, athough some may be lost permanently, either downdrift or
offshore. With respect to shoreline development, one of the lessons from Hugo (as well as chronic, less
powerful storms) is that judicious construction setbacks, elevation of buildings above expected storm
surge heights, and soft stabilization can protect inland property while preserving options for beach and
dune protection and post-storm restoration (Kana, 1990).
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