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Over the next 60 years, coastal erosion may claim one out of four houses within 500 teet 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. These
are the findings of a recent study by The H. John Heinz III Center tin Science, Economics and the Environment,
prepared for the U.S. Congress and funded primarily by the Federal Emergency Management Agency (FEMAJ. Other
key economic and policy findings are summarized, as well. Underpinning these findings are: 1) detailed projections
of shoreline movement over the next 60 years (first published in a special issue of this Journal), 2) an extensive
engineering and economic data set on over 10,000 structures located within 500 teet of the Nation's shorelines, and
3) a model that uses these detailed data to estimate ocnnomic costs needed by the FEMA for setting flood insurance
rates.
Extrapolating nationwide, roughly 87,000 homes and the land on which they are built will be lost to erosion over
the next 60 years. We explain the procedures for making such extrapolations, using a national shoreline change data
set from Dolan and May and 1990 Census block group data on dwelling densities.
ADDITIONAL INDEX WORDS,
requirements.

FEMA, erosion-related flooding, economic impacts oferosion, floodplain management

INTRODUCTION
Three years ago, this journal devoted a special issue to the
results of the first phase of a major study on coastal erosion
in the United States (CROWELL and LEATHEI{MAN, 1999).
FEMA contracted with 18 state agencies or their designees
to produce detailed shoreline movement maps for 27 counties
along U.S. coastlines (CROWELL et al., 1999). The maps included projections of how far inland the coastline may retreat
over the next 60 years and, where applicable, expected flood
heights from a 1 percent chance ("100-year") storm today and
in the future.
The goal of the larger study was to improve understanding
of the impacts of erosion and erosion-related flooding on the
National Flood Insurance Program, other federal programs,
and coastal communities. 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 erosion hazards within federal programs.
The H. John Heinz III Center for Science, Economics and
the Environment and its research collaborators conducted the
0]020 reccioed 28 February 200]; accepted in revision 8 January
2002.

analysis on which this paper is based (HEINZCENTEH, 2000a).1
The report analyzes the economic impacts of erosion, presents
a range of policy options, evaluates the effectiveness of each
option in reducing erosion losses, and makes two recommendations.
In this paper, we will cover three topics to inform the readers of this journal of how the earlier results were used. First,
we will very briefly review the key findings from The Heinz
Center study. Most of these key findings were based on data
from 18 of the 27 phase-l counties. To augment the shoreline
movement and flood maps prepared by the phase-1 coastal
scientists and engineers, The Heinz Center sent field survey
teams to measure and photograph 11,000 structures in 18 of
these counties. Additional information on these same structures was obtained from county assessor offices and from detailed questionnaires mailed to the homeowners. In all, The
1The Heinz Center project stall' included: William J. Merrell, Jr.,
Stephen V. Dunn, Robert M. Friedman, Sheila D. David, and Sarah
K Baish, Research collaborators included: Joseph Cordes, The
George Washington University; William G. Fry, Spatial Data Institute; Andrew Keeler, The University of Georgia; Warren Kriesel, The
University of Georgia; Craig Landry, The University of Maryland;
Susanne Moser, Union of Concerned Scientists; Laura Ost, Consulting Editor; George Parsons, University of Delaware; Hugh Phillips,
Spatial Data Institute; Richard Roth, Jr., Actuary; Richard Roth, Sr.,
Actuary; William Seitz, Texas A&M University at Galveston; Russell
Watkins, Spatial Data Institute; and Anthony Yezer, The George
Washington University.
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Heinz Center and its research collaborators intensively studied 120 miles of shoreline, or about 1 percent of the U.S.
coastline outside of Alaska and Hawaii, and collected data on
approximately 3 percent of the buildings located within 500
feet of the Nation's shorelines.
Based on these data, a simple flood and erosion damage
model was constructed from which projections were made for
the next 60 years, in a form usable by the Federal Insurance
Administration of FEMA. The second section of this paper
will briefly describe this damage model.
In addition to very detailed research in 18 counties, The
Heinz Center study also included nationwide extrapolations.
These were based on shoreline movement estimates modified
from the Coastal Erosion Data System of Dolan and Mayas
reported in the Coastal Hazards Data Base (GORNITZ et al.,
1992, 1993, 1997) and data from the 1990 Census. The final
section of this paper will explain the nationwide extrapolation procedure and explore how it compares to the detailed,
18 county sample.

KEY FINDINGS OF THE EROSION
HAZARDS STUDY
Over the next 60 years, coastal erosion may claim one out
of four houses within 500 feet of the U.S. shoreline (HEINZ
CENTER, 2000a). To the homeowners living within this narrow
strip, the risk posed by erosion is comparable to the risk from
flooding in coastal areas. The National Flood Insurance Program (NFIP), however, does not delineate erosion hazard areas on its maps to inform homeowners of the risk they face,
nor does it directly incorporate erosion risks into insurance
ratemaking procedures. The Heinz Center recommends that
both of these shortcomings be remedied.
Other key findings include:
• Roughly 87,000 homes and the land on which they are built
will be lost to erosion over the next 60 years. Costs to 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 claims
will likely rise with hoped-for enrollment increases.
• Today's property values within the areas most susceptible
to coastal erosion have been lowered by between $3.3 billion and $4.8 billion nationwide as a result of erosion, a
loss 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 also will occur along
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 are 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
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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's rates. Nevertheless, based on the results of a mail survey, the rate
hikes to cover expected erosion losses can be implemented
in a manner likely to be acceptable to a majority of current
policyholders. Rate increases could be spread uniformly
across the highest risk coastal areas or varied according to
the risk of erosion-related damage.
• The cost of identifying, mapping, disseminating, and maintaining information on the erosion hazard nationwide is
about $5 million per year. For comparison, if all currently
empty lots in areas most susceptible to erosion were 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 this new risk information changes behavior within eroding areas, that is,
reduces development and rebuilding. Only modest changes
are needed to make the investment 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
this increase 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.

QUANTIFYING FLOOD AND EROSION RISK
The Heinz Center report presents estimates of the expected
damage from flooding and erosion over the next 60 years in
Atlantic, Gulf of Mexico, and Pacific coast communities.
These estimates rely on three data sources: 1) the phase-l
projections of shoreline movement based on maps of shoreline
position over the past 50 to 100 years, 2) the phase-l projections of expected storm wave heights, which relied on published FEMA flood insurance rate maps (FIRMs), and 3) field
measurements on about 10,000 structures. Damage was calculated structure by structure, then summed by community
across three progressively narrower classifications: 1) within
500 feet of the shore, 2) within the high flood hazard "Vzone", and 3) within the 60-year erosion hazard area. This
section describes the data sources, major assumptions, and
methods used to calculate expected damage in each region.

Field Survey of Structures
Field survey measurements of about 10,000 structures located within roughly 500 feet of the shoreline were collected
within 18 of the 27 sample counties. Field survey crews recorded each structure's latitude and longitude, lowest adjacent grade elevation, and height of the first floor or, in Vzones, lowest supporting beam, and other attributes. The
field survey methods are described more fully in an Appendix
volume to the report (HEINZ CENTER,2000b)
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Data Products
One of the products of the Erosion Hazards study was a
series of CD-ROMs, one for each of the 18 counties selected
from the original 27. Each CD-ROM contains data from phase
1 of the study, all field survey data, and a customized
ArcView GIS project file to display and query the data. The
metadata, that is the documentation for each data layer, also
is included on each CD and may be accessed through ArcView
or with a stand-alone web browser. Each ArcView project contains data on the location of the 60-year erosion hazard zone,
current and projected flood zones, field surveyed structures
and assessment attributes. and orthophoto imagery. Some of
the projects also contain parcel map data, coastal barrier resource system unit boundaries, and locations of the 10 and
30-year erosion hazard zones. The principal theme layers in
each project are:
•
•
•
•

Surveyed Structures (location, photo, attributes)
Imagery (black and white or color orthophotos)
Flood Zones (current and projected)
Current and Projected (10, 30, and 60 year) Erosion Reference Features
• Parcels and Assessment
• Transect Model (for determining positions of structures in
10-year increments)
• Spatial Reference information (description, source, use restrictions, etc.)

Stucture-by-Structure Projections
The Geographic Information System (GIS) developed for
this study combines the field survey data and the maps of
the 60-year erosion hazard area and projected flood zones developed by the State Coastal Zone Management Offices or
their designees for FEMA. Using the spatial analysis and
mapping capabilities of the GIS, the following structure-bystructure calculations were made:
(1) Current and projected distance to the erosion reference
feature (ERF);
(2) Current and projected base flood elevation (BFE), i.e.,
peak flood height with a 1 percent chance of occurrence;
and
(3) Current and projected flood zone (e.g., V, A, other).
The methodology involved a series of spatial measurement
operations, creation of several new data layers, and creation
of a "Transect Model" to calculate the change in these attributes in ten year increments.

The Transect Model
A transect model was constructed to calculate the expected
distance from the shore, expected base flood elevation, and
flood zone for each structure in 10 year increments between
the 'current' year and 60 years in the future. Structures are
'migrated' toward the ocean along a transect line drawn
through the structure and connected to the closest point on
the current ERF line (the mathematical equivalent of the
shoreline eroding inland). The model assumes that in 60
years the structure will be closer to the ocean by a distance

equal to the difference between the current ERF and 60-year
projected ERF along this transect. Therefore, at each 10 year
increment the structure moves a distance equal to 10/60 of
the width of this erosion hazard area along its transect. The
interpolated BFE height and flood zone is determined structure by structure within each decade.
Figure 1 shows the percent of structures within 500 feet of
the shore that are located in the 30- and 60-year erosion hazard zones in the 16 counties. Note the wide variability from
county to county (from a few percent to as much as 70 percent), even within regions.

Calculating Expected Damage
Damage estimates were calculated using a simple model of
flood and erosion risk to structures. Four risks were estimated in low-lying coastal areas:
1. Flood damage. The key determinant of risk of damage
from floods is the height of the first floor of a house in
comparison to the expected height of waves generated by
a storm of the magnitude that has a one percent chance
of occurrence in any given year. FEMA, based on studies
by the U.S. Army Corps of Engineers, estimates that a
wave three feet above the height of the first floor of a
house will have sufficient force to cause damage equal to
half the value of the house (FEm;RAL INSURANCE ADMINISTRATION, 1981).
2. Direct erosion damage. Once the ERF crosses a house (i.e.,
the house is now seaward of the ERF) the house is considered destroyed. Some may be left standing, but they will
not likely be habitable (or might be condemned for being
in public waters).
3. Higher wave heights. Once the shore has shifted inland,
flood elevations for the same magnitude storm will be
higher and thus can cause more damage.
4. Higher and more powerful waves in areas not previously
subjected to high velocity waves. Houses that were constructed in lower risk A-zones with less stringent building
codes can find themselves subjected to waves of V-zone
intensity.

The procedures used to estimate each risk of damage follow.

Flood Damage
Flood damage expected today was calculated using FIA's
depth-damage formula (FEDERAL INSURANCE ADMINISTRATION,
19811 and the height of each structure relative to the BFE.
Separate formulas were used to calculate expected damage
in V zones and A zones:
Expected damage to V-zone structures ($/yr per $100
of structure value)

=

0.511. c'

""711 ,·I",_diln

Expected damage to A-zone structures ($/yr per $100
of structure value)

=

0.117· e'

"',I1.',·I,·,_d"n

where "elev.diff" equals the current difference between the
elevation of the lowest structural member (Vvzones) or first
floor (A and other zones) and the interpolated base flood el-
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Figu re 1. Th e percen tage of st ru ct ures wit h in 500 feet of shore in the 30-yea r and 60-yea r erosion hazard zones var ies by region .

evation. Not e th e numbers in t he formul ae above are simplified non-linear r egr ession fits to the FIA depth-dam age relationsh ips.
FIA's depth-damage table for A-zones includes valu es up
to 4 feet below BFE. For structures lower th a n 4 feet, a n
interpolated valu e of 70% of V-zone damage was used to calculate dam age. Projected flood damages wer e calcul ated in
the sa me fashion, for 10, 20, 30, 40, 50, an d 60 years into the
future.
Coas ta l str uctures are also exposed to wind dam age a nd
its ass ocia te d effects on th e integ rity of th e struct ure (e.g.,
dr iving ra in entering th e st ructure through damaged windows a nd roofs). Th e FIA flood model ca ps flood dam age to
87% of total value to account for th e effects of wind .

Direct Erosion Damage
Th e procedure for estima ting erosio n da mage is straightforward . For those st ructu res that a re sea wa rd of t he ERF
by year 60 , the year of crossi ng is lin earl y inter polated using
t he st ruct ur e's locati on today and in year 60. Thi s is calcula ted st ru ct ure by stru ct ure . Erosion loss is ass igned within

the decad e in which th e str uct ure crosses seaward of th e erosion re ference fea t ur e. No direct erosion dam age is assigned
in t he decad es prior to and after the decad e in which t he
erosi on loss occurs. Table 1 shows expected a nnua l ero sion
dam age on the Atlantic and Gulf of Mexico, in $/yr per $100
of stru cture value, ave raged over th e first 500 ft of t he shore,
the V-zone, a nd t he 60-YT erosio n hazard a rea .
In low-lyin g areas, flood and eros ion dam age occur in conj u nction duri ng large storm events . Doubl e counti ng in the
damage calcula tions is avoi ded by calculat ing flood dam age
first a nd then limiti ng eros ion da mage to the total va lue of
the house.

Higher Wave Heights and Zone Switching
In creased flood damage (from landward migration ofBFEs)
also was estima ted in l O-yea r increment s, using th e projected
10-year flood zone boundaries and interpol a ted BFE s for
s tr uct ur es. Dam age from high er wa ve hei ghts is the difference in exp ected flood damage between th e current decad e
and a fut ur e decade. For exa mple, a struct ur e built in the
high-hazard V-zone at t he BFE tod ay has expected flood dam-
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Tabl e 1. Projection s of flood and erosion da mag es, in dollars per yeat; per $100 of house value, for typical Atl anti c and Gul f Coast communities."
Type of Damage

Averaged Over 500 Feet

Averaged Over V-Zone

Averaged Over 60·Year EHA

Flood dam age expected from today's level of flooding
Increase in erosion-relate d flood damage inland
Direct erosion damage
Total damage

$0.60
$0.10
$0.37
$1.07

$0.70
$0.15
$0.52
$1.3 7

$0.48
$0.17
$1.54
$2.19

" Expected annual dama ge to curren t stru ct ures aver aged over 500 feet , V-zone, and 60-yea r Erosion Haza rd Area (EHA). Dam age in $ per year, per
$100 of house value , expected 30 yea rs from today.

mula. Thi s difference is the expected damage from zone
switching. Th e increase in damage from higher wave heights
and zone switching, shown in row 2 of Tabl e 1, is sma ll compared to direct flood and erosion dam age.
Th e vari ation community to community from each of these
cau ses of dam age is shown in Figure 2. Note tha t for some
communities, expected flood damage-the basi s on which flood

age of $.51/yr per $100 of structure value. Ten years later,
the BFE rises so tha t the house is now 0.5 feet below th e
BFE. Expected flood damage is $.59/yr per $100 of stru ctur e
value. The difference, $.08/yr per $100 , equa ls the expecte d
damage from higher wave heights. If a st ructure moves into
a new flood zone, typic ally from th e A-zone to the higher ha zard V-zone, dam age is recalculated using th e new zone for-
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Figure 2. Communities differ in their suscepti bility to flooding, erosion- relat ed flooding, and erosion. Estima ted loss costs (r.e., projected dam age to
struc t ures) 30 yea rs from today , ave rage d across the V-zone, a re sho wn.
Notes: Thi s gra ph shows estima ted dam ages to st ruct ures, by community, thirty years from today. Th e da mage is express ed as $/yea r per $100 of value
and includ es flooding, erosion related flooding from landward moveme nt of the shoreline , a nd dire ct erosion damage. Longer bars indi cate higher projected
dam age; shorter bars indicat e lower projected dam age.
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insuran ce ra tes are set-is quite close to th e expecte d total
damage from both flood and eros ion. However for man y communities, expecte d damage from erosion far outw eigh s expected flood dam age.

NATIONAL EXTRAPOLATION
Th e counties chosen by FEMA and the states wer e selected
to be representative of the Nation's coast; nevertheless , th e
tot al shoreline mileage inte nsively studied was only about
120 miles, or approximately 1 percent of th e U.S. total outside of Alask a and Ha waii . To estima te th e extent of the problem nationwide, we could have mer ely sca led the sa mple results by the ratio of th e national shoreli ne to the sa mple
shoreline , but decided th at usin g oth er, albeit less rigorous,
data for th e remaining 99 per cent of the coast was preferable.
Th e number of st ru ctures at risk from coastal ero sion along
any coastal stretc h depends on both th e rate of er osion and
th e density of structures behind th e er oding coast.
For eros ion rate, we used shoreline movement da ta from
th e Coastal Hazards Data Ba se maintain ed by the Carbon
Dioxide Inform ation Analy sis Center at Oak Ridge National
Laboratory (GORNITZ et al., 1992, 1993, 1997). Th is data set
covers the U.S. shoreline with 0.25° grid cells . Each cell contains th e average erosion ra te obtained from the Coastal Er osion In formation Syst em (CEIS) developed by R.B. Dolan ,
S.K. May and their collabo ra tors. Th e CEIS in clud es data in
cells of 3', 7.5' , or IS ' , depending on sour ce data den sity.
Er osion data were origi nally obtained fr om over 500 indi viduals or organi zations from re cords ran gin g in length from 20
to 165 yea rs. Of th e data within the CEI S, 25 percent were
obtain ed in raw form and conve rted into point measurements
of erosion or accretion .
Information on stru cture den sity was obtained from 1990
Census housing data . The most detailed publicly avai lab le
data is at the "block gro up" level. Block gro ups a re based on

popul ation size rath er tha n area . Block groups generally contain between 600 and 3,000 people, with an average size of
1,500 people.
A typica l block group alon g th e Atlantic shore includ es under 1000 structu res and ranges from a few tenths of a km 2
to a few km 2 in area . Shoreline lengths are typically 1 to 10
km. Th e first ste p was to isolate census block groups bordering an ocean or the Great Lak es. This was done by first drawing an a pproximate ocean shor eline on a GIS by simplifying
th e far more extensive NOAA nati onal shoreline (which includes tidal porti ons of rivers). In tersecting cens us block
group s were identified and the length of the ocean-facing
s horeline calculated. An ave rage eros ion rate from th e
CDIAC data set was th en assigned to eac h coasta l block
gr oup.
By necessity, we ass ume d that th e structure den sity of the
entir e cens us block was representative of the first 500 feet
inl and from the shore , an d an even narrower stri p defined by
the expected movement of the shoreline over th e next 60
yea rs. We were then able to estimate the number of structu res within 500 ft of th e sh oreline in each census block, and
t he number of structures, if any, with in th e 60-year erosion
h azard area .
Usi ng the lower resolution, but with mor e comp lete coverage , national data is preferable to a "straight line" extrapolation from th e FEMAlHeinz Center da ta if: 1) th er e is a reasona ble agreement among the areas common to the tw o data
sets a nd 2) there is enough of a difference between the subset
of common Census blocks a nd t he larger populati on of Census
blocks to mak e it worth th e bother. Both app ear to be true.
Figure 3 compares eros ion r ates for th e three data extracts:
( 1)

30 communities (de fine d by zip code) covering 46 miles of
shoreline in 6 Atla ntic coas t counties: Brevard County,
Florida ; Bruns wick Coun ty, North Carolina ; Dare County, North Caro lina; George town County, South Carolina;
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Figure 4. Cumulative percent of dwellings in communities or Census blocks with housing density rates less than the specified average. Comparison of
three Atlantic Coast samples.

Suffolk County, New York; and Sussex County, Delaware. Erosion data were from the FEMA phase-1 study.
Structure densities were from the field data collected by
The Heinz Center contractor, Spatial Data Institute. Note
that structure information was not collected for all houses
along the entire shoreline in each county, rather from
randomly spaced segments along the shoreline (but omitting stretches without houses, such as state parks.) The
sampling strategy is documented in the Appendix volume
accompanying The Heinz Center study (HEINZ CENTER,
2000b).
(2) 70 Census block groups covering 253 miles of shoreline
in the same 6 Atlantic Coast counties. These are all the
block groups identified using the procedure described
above. Erosion data are from the CDIAC data set based
on Dolan's Coastal Erosion Information System. Housing
density is from the 1990 Census.
(3) The over 800 Census block groups covering 1625 miles of
shoreline of the Atlantic Coast. This data set excludes the
highest density Census blocks, those with densities greater than about 4,000 structures per km 2 (10,000/mi 2 ) and
thus almost certain to be protected if threatened by erosion. It also excludes Census blocks that could not be
matched with a CEIS grid cell to obtain an average erosion rate.
Figure 3 displays the cumulative percent of dwellings in communities or Census blocks with erosion rates less than the
specified average. We chose to compare the cumulative percent of dwellings, rather than the cumulative percent of
shoreline miles, because our goal was to project damage to
structures. If our goal had been, for example, to estimate average erosion rates along the North Atlantic, South Atlantic,
and Gulf of Mexico coasts, the latter measure would have
been more appropriate.
Comparing the HeinzlFEMA 6-county data with the 6-

county sample from the Census/Dolan data, one can see the
following. In both the Heinz/FEMA and Census/Dolan erosion
data sets, about 25 percent of structures are in communities
or Census block groups with average erosion rates less than
0.5 ft/yr (with the HeinzlFEMA data set having more structures in communities with very low erosion rates). The median erosion rate (the 50th percentile) of the HeinzlFEMA
data set is higher than that of the CensuslDolan data, about
1.7 ft/yr vs 1.1 ft/yr, respectively. The cumulative distribution
curves cross again at about 85 percent, that is, the top 15
percent of the dwellings in the CensuslDolan data set are in
communities with substantially higher estimated erosion
rates than in the Heinz/FEMA data set. The average erosion
rate (structure weighted) turns out to be quite similar, 2.1 ft/
yr in the HeinzlFEMA data set versus 1.9 ft per year in the
CensuslDolan 6-county subset.
The CensuslDolan 6-county subset, however, has lower erosion rates than the all-Atlantic population from which it was
drawn. Again, 25 percent of the structures in the 6-county
subset are in Census block groups with average erosion rates
less than 0.5 ft/yr compared to about 1.2 ft/yr for the allAtlantic population. The median erosion rate of the 6-county
subset is 1.1 ft/yr and the median for the all-Atlantic population is 1.9 ft/yr. The structure weighted average erosion
rate of the Census/Dolan 6-county subset is 1.9 ft/yr compared to 2.7 ft/yr in the all-Atlantic population.
Figure 4 compares the other relevant variable for estimating erosion damage, housing density. Similar to Figure 3, the
graph displays the cumulative percent of dwellings in communities or Census blocks with housing density rates less
than the specified average. The rather nonstandard unitsdwellings within 500 ft of the shoreline per mi of shorelinewere chosen to reflect the characteristics of the erosion problem: Very few stretches of shoreline have erosion rates in
excess of 8 ft/yr, thus very few areas are expected to erode
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more than 500 ft inland in 60 years (the typic al lifetime of a
house .)
The cumulative percentage cur ve for th e HeinzlFEMA 6county data once aga in appears quite similar to that for the
6-county sample from th e Cens uslDolan data, crossing at
about 25 perc ent and swit ching again at 60 percent. Th e average dwelling density (again, stru cture weighted) is 180
dwellings within 500 ft per mile of shorelin e in the Heinz!
FEMA data set ver sus 195 dwellings within 500 ft per mile
of shoreline in the Censu s/Dolan 6-county sub set.
However, the Cen su slDolan 6-county subset has lower
dwelling densities than th e all-Atlanti c population from
which it was drawn along th e entire cumulative distribution.
This , of course, was immediately apparent from insp ection of
hou sing den sities. The highest den sity in the 5-county subset
was about 5000 dwellings/mi", About 20 percent of the structures in the all-Atlantic data set wer e in Cens us blocks with
higher dwelling densities- even afte r removing all Census
blocks with densities greater than 10,000 dwellings per mi-.
Once again, we concluded th at: 1) th er e is a reasonable
agree ment in the 5 counties common to th e two data sets,
and 2) there is enough of a differ ence between th e 6-county
subse t of Census blocks and the larger population of Census
blocks to prefer using th e lower resolution, but better coverage, Cens uslDolan data set for th e national extrapolations.

575

anc e, as are policyholder s in non-eroding areas. FEMA should
incorporate the additional ri sk from erosion into the det ermin ation of actuarial rates in high-hazard coastal region s.
This will reduce th e need for subsidies from other NFIP policyholders or taxpayer s to cover expected erosion losse s.
Erosion risk can be incorporated in several way s. The simplest is to combin e th e highest hazard flood zones and ero sion
hazard area s into a "Coas tal High-Hazard Zone." Ero sion risk
would be share d equally among all policyholders in the new
combined zone. Alternatively, FEMA could charge rates
based on a refined risk classification that separately distingui sh es erosion and flood risk s. Only those policyhold ers in
ero sion hazard area s (about one-third of th e coastal high-hazard zone ) would be charged an erosion surcharge.
The report also presented a series of options that will lower
damage or alle viate economic hardship should damage occur .
The Heinz Cent er urged Congress to consider the advantages
and disadvantages of th ese options within the framework of
existing Federal, State, and local programs.
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CONCLUSIONS
Based on the analyses pr esented in its report, Th e Heinz
Center recommended that Congress take, at minimum, two
acti ons. The Heinz Center believes that these two recommendations provide significant benefits, are cost effective, and are
accepta ble across most of the political spectru m.
Recommendation 1: Congress should instruct the Federal
Emer gency Management Agency to develop erosion hazard
map s that display the location and ext ent of coastal areas
subj ect to erosion. The eros ion maps should be made widely
ava ilable in both print and electronic formats.
Flood insurance rate maps do not inform current and prospective coastal property owners of ero sion risks. Th e omission is sub st antial. Averaged over the highest ha zard flood
zone, th e risk of ero sion-related dam age to structures is
roughly equal to th e risk of flood damage. Thus, th e current
map s, which show only flood hazards, are misleading. Adding
a pr ojected 50-year erosion hazard area, su ch as those
mapp ed during ph ase 1 of this study and docum ented in this
Journal , would be of great benefit.
With out accurate information on erosion, state and local
decision makers and the general public will not be fully
aware of the coastal hazards they face, nor will th ey be able
to make use of this information for land-use planning and
erosion hazard mitigation.
Recommendation 2: Congre ss should require the Federal
Emergency Man agem ent Agency to include the cost of expect ed erosion losses when setti ng flood insurance rates alon g
th e coast.
Despite facing higher risk , homeowners in erosion-prone
area s currently are payin g the same amount for flood insur-

ACRONYMS USED
BFE: base flood elevation
eElS: Coastal Ero sion Information Syst em
EHA: 50-year Ero sion Hazard Area
ERF : erosion reference feature
FEMA: Federal Emergency Management Agency
GIS: Geographic Information Syst em
NFIP: National Flood In surance Pro gram
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