
 Open access  Journal Article  DOI:10.2112/04-0172.1

Erosion Hazard Vulnerability of US Coastal Counties — Source link 

Bryan Boruff, Christopher T. Emrich, Susan L. Cutter

Institutions: University of South Carolina

Published on: 01 Sep 2005 - Journal of Coastal Research (Coastal Education and Research Foundation)

Topics: Vulnerability index and Population

Related papers:

 Social Vulnerability to Environmental Hazards

 Vulnerability to environmental hazards

 Revealing the Vulnerability of People and Places: A Case Study of Georgetown County, South Carolina

 At Risk: Natural Hazards, People's Vulnerability and Disasters

 Global coastal hazards from future sea level rise

Share this paper:    

View more about this paper here: https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-
4vlw5jkle6

https://typeset.io/
https://www.doi.org/10.2112/04-0172.1
https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6
https://typeset.io/authors/bryan-boruff-1nikvms39f
https://typeset.io/authors/christopher-t-emrich-9l0fc3fobf
https://typeset.io/authors/susan-l-cutter-2vh7kw4bn2
https://typeset.io/institutions/university-of-south-carolina-2hzjdv31
https://typeset.io/journals/journal-of-coastal-research-3hfjkev3
https://typeset.io/topics/vulnerability-index-2dlnzmuf
https://typeset.io/topics/population-3rqw3kx3
https://typeset.io/papers/social-vulnerability-to-environmental-hazards-32dddb7u13
https://typeset.io/papers/vulnerability-to-environmental-hazards-5eo2woatn5
https://typeset.io/papers/revealing-the-vulnerability-of-people-and-places-a-case-4ki93vvwx9
https://typeset.io/papers/at-risk-natural-hazards-people-s-vulnerability-and-disasters-1guor1ys2b
https://typeset.io/papers/global-coastal-hazards-from-future-sea-level-rise-35py0xun8p
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6
https://twitter.com/intent/tweet?text=Erosion%20Hazard%20Vulnerability%20of%20US%20Coastal%20Counties&url=https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6
https://typeset.io/papers/erosion-hazard-vulnerability-of-us-coastal-counties-4vlw5jkle6


Erosion Hazard Vulnerability of US Coastal Counties

Authors: Boruff, Bryan J., Emrich, Christopher, and Cutter, Susan L.

Source: Journal of Coastal Research, 2005(215) : 932-942

Published By: Coastal Education and Research Foundation

URL: https://doi.org/10.2112/04-0172.1

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Journal-of-Coastal-Research on 30 May 2022
Terms of Use: https://bioone.org/terms-of-use



Journal of Coastal Research 21 5 932–942 West Palm Beach, Florida September 2005

Erosion Hazard Vulnerability of US Coastal Counties

Bryan J. Boruff†, Christopher Emrich†, and Susan L. Cutter‡§

†University of South Carolina
Columbia, SC 29208, U.S.A.

‡Department of Geography
University of South Carolina
Columbia, SC 29208, U.S.A.
scutter@sc.edu

ABSTRACT

BORUFF, B.J.; EMRICH, C., and CUTTER, S.L., 2005. Erosion hazard vulnerability of US coastal counties. Journal
of Coastal Research, 21(5), 932–942. West Palm Beach (Florida), ISSN 0749-0208.

This article examines the vulnerability of US coastal counties to erosion by combining a socioeconomic vulnerability
index with the US Geological Survey’s physically based coastal vulnerability index. The end product is a county-based
index of overall coastal place vulnerability. The results indicate that place vulnerability along the coast is highly
differentiated and influenced by a range of social, economic, and physical indicators. Regionally, Gulf Coast vulner-
ability is more of a product of social characteristics rather than physical attributes. The opposite is true of Pacific and
Atlantic coastal counties, where physical characteristics are more influential in determining erosion-hazard vulner-
ability. It is clear that overall vulnerability of coastal counties cannot be determined without the union of social,
economic, built-environment, and physical characteristics. Yet the methods for combining these components are not
widely used at present by coastal scientists and policy makers, rendering hazards assessments incomplete and miti-
gation plans untenable for many places.

ADDITIONAL INDEX WORDS: Erosion hazards, coastal vulnerability, hazard mitigation.

INTRODUCTION

Coastal counties along the Atlantic and Pacific Oceans and
the Gulf of Mexico account for only 11% of the total number
of counties in the United States, yet they contain 25% of the
nation’s population (US CENSUS BUREAU, 2002). From 1990
to 2000, 18% of the nation’s economic losses from natural
hazards (well over $14 billion dollars) occurred in these same
coastal counties (SHELDUS, 2004). While increased densities
of people and structures along the US coast certainly account
for a portion of these losses, other explanations include in-
creased storm activity and the decreased ability of commu-
nities to rebound from disasters. The future loss outlook is
bleak as well with the expectations of greater losses as a func-
tion of global climate change, sea-level rise, and increased
intensity of tropical and extratropical storms (MCCARTHY et

al., 2001).
To assess the hazard potential from natural events along

the coast, it is important to identify and measure those ele-
ments that contribute to it, namely, risk and vulnerability.
Risk is the probability of an event occurring, while vulnera-
bility is defined as those factors that magnify or attenuate
the effects of an extreme natural, technological, or human-
induced event and those factors that decrease a community
or individual’s ability to rebound after the event has occurred
(KASPERSON and KASPERSON, 2001; TOBIN and MONTZ,
1997). The probability or frequency of an event occurrence
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can be calculated from past events, but determining vulner-
ability is more complicated, requiring examination of the in-
teracting physical attributes and the socioeconomic charac-
teristics of a locale (CUTTER, 1996; KLEIN and NICHOLLS,
1999; NICHOLLS, 1998; SMALL and NICHOLLS, 2003). Com-
bining physical and socioeconomic characteristics provides a
measure of the overall vulnerability of the community and is
termed place vulnerability (CUTTER, 1996; CUTTER, MITCH-
ELL, and SCOTT, 2000).

This article examines differences in the place vulnerability
of coastal counties in the United States. The goal of this study
is to produce a relative ranking of the erosion hazard vulner-
ability of US coastal counties and determine those underlying
factors that increase or decrease it. Three questions are ex-
amined: (1) Is there regional variability in the vulnerability
of US coastal counties to erosion hazards? (2) What is the
greatest contributor to the overall vulnerability of each re-
gion, physical or social characteristics? (3) What specific fac-
tors explain the differences in physical and social vulnerabil-
ity among regions? It is hypothesized that regional differenc-
es in erosion vulnerability are best explained by socioeconom-
ic rather than physical risk indicators.

VULNERABILITY AT THE COAST

The majority of coastal hazards research has focused on the
determination and analysis of the physical characteristics of
coastal vulnerability, with little reference to social indicators.
There is little integrative work on coastal vulnerability, al-
though such studies are now emerging (CLARK et al., 1998;
CUTTER, MITCHELL, and SCOTT, 2000; DAVIDSON and LAM-
BERT, 2001; GAMBOLATI, TEATINI, and GONELLA, 2002;
ODEH, 2002; WOOD, GOOD, and GOODWIN, 2002; WU, YAR-
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NAL, and FISHER, 2002). At present, this body of integrative
research remains focused on localized case studies such as
Revere, Massachusetts (CLARK et al., 1998), Georgetown,
South Carolina (CUTTER, MITCHELL, and SCOTT, 2000), Cape
May, New Jersey (WU, YARNAL, and FISHER, 2002), Yaquina
Bay, Oregon (WOOD, GOOD, and GOODWIN, 2002), or New
Hanover, North Carolina (FLAX, JACKSON, and STEIN, 2002),
rather than regional or national comparative assessments.

Physical Risk Indicators

Due to their frequency and high damage potentials, hur-
ricane risks and impacts are at the forefront of coastal vul-
nerability research, especially hurricane-landfall probabili-
ties in the Atlantic Ocean, Caribbean, and Gulf of Mexico
(GRAY, KLOTZBACH, and LANDSEA, 2003). Other risk indi-
cators include the maximum exceedence probabilities for cat-
egory-1 hurricane winds at the county level (JAGGER, ELS-
NER, and NIU, 2001) and susceptibility to inundation from
hurricane storm surge (MERCADO, 1994; NATIONAL HURRI-
CANE CENTER, 2002). All of these indices are entirely based
on the physical characteristics of the natural hazard with lit-
tle or no attempt to address the human dimension of vulner-
ability.

While hurricane exposure dominates the coastal vulnera-
bility literature, beach erosion is also important. Monitoring
changes in littoral profiles to develop signatures of erosion is
one approach used to quantify coastal erosion (KANA, 2003).
BRYAN et al. (2001) used GIS-based spatial models to deter-
mine regional vulnerability to inundation and erosion along
portions of the south Australian coast. ZHANG, DOUGLAS, and
LEATHERMAN (2001) developed an erosion-potential index
based on storm tides, wave energy, and storm duration from
Nor’easters for much of the Atlantic Coast. Erosion hazards
were the focus for a national study of historic erosion rates
along US coastlines (H. JOHN HEINZ III CENTER, 2000a).
This Heinz Center study included both physical and social
attributes in the spatial delineation of properties, historic
erosion rates, and future projections of economic losses. Un-
fortunately, the study did not consider changes in the built
environment or changes in the rate of erosion as it made its
forecast, but the report does take an important step toward
identifying and measuring human-environment interactions,
a necessary prerequisite for understanding place-based vul-
nerability.

Recently, the US Geological Survey (USGS) produced the
Coastal Classification Atlas, which identified areas along the
southwestern Florida coast that were susceptible to high
wave action from coastal storms (MORTON and PETERSON,
2003). This study categorized the shoreline’s geomorphic
structures and ranked the density of development. Designed
as a baseline for future vulnerability assessments, this study
was limited in geographic coverage, but it does provide an
initial prototype for integrating human and physical systems
in the understanding of place-based vulnerability.

Another component of coastal ecosystem vulnerability is
based on environmental degradation indicators, such as en-
vironmental sensitivity analyses (JENSEN et al., 1993, 1998;
NORONHA et al., 2003), GAP analysis, and state Heritage Pro-

gram rankings of ecological vulnerability (H. JOHN HEINZ III
CENTER, 2000b). Gulf Coast states are working with the US
Minerals Management Service to determine those on-shore
regions most susceptible to degradation from oil pollution (H.
JOHN HEINZ III CENTER, 2000b). Unfortunately, these stud-
ies are focused entirely on ecosystems and habitat degrada-
tion with no linkage to social vulnerability.

Recent interest in the impacts of global climate change re-
sulted in a plethora of research on coastal vulnerability to
sea-level rise. Among the first regional analyses of climate-
change impacts were those conducted by GORNITZ, BEATY,
and DANIELS (1997) and GORNITZ and WHITE (1992, 1994),
who developed an index of vulnerability to sea-level rise
along US coasts. The original study compared coastal seg-
ments based on seven physical parameters, including maxi-
mum wave height, shoreline erosion, and accretion rates, and
landform susceptibility to inundation. The Geological Survey
of Canada (GSC) and the USGS enhanced the initial Gornitz
studies, creating an improved Coastal Vulnerability Index
(CVI) (HAMMER-KLOSE and THIELER, 2001; SHAW et al.,

1998; THIELER and HAMMER-KLOSE, 1999, 2000a, 2000b).
The USGS baseline data have far fewer data gaps than its
predecessors and provide a better metric of physical vulner-
ability at the county level.

Social Vulnerability and the Coast

Many of the social and economic characteristics that influ-
ence the vulnerability of individuals and communities along
the coast are known at a conceptual level. However, this
knowledge has not been translated into empirically based as-
sessments of the socioeconomic vulnerability of coastal com-
munities (H. JOHN HEINZ III CENTER, 2000b, 2002). Recent-
ly, the social vulnerability index (SoVI) provided a compara-
tive spatial assessment of human-induced vulnerability to en-
vironmental hazards (CUTTER, BORUFF, and SHIRLEY, 2003).
This index explained around 76% of the variation in socio-
economic vulnerability in US counties. While this method
was designed for all counties in the US, a subset of coastal
counties (not including those in the Great Lakes, Alaska, and
Hawaii) produced comparable results (80% of the variation
in social vulnerability explained) (BORUFF, CUTTER, and EM-
RICH, 2002).

The use of a quantitatively derived social vulnerability in-
dex, such as SoVI, is important for two reasons. First, the
method provides a useful tool for comparing the spatial var-
iability in socioeconomic vulnerability using a single value
derived from multivariate characteristics. Second, SoVI can
be linked (statistically and spatially) to more physically based
indices in calculating the overall vulnerability of a specific
place. Not only does this index make a significant contribu-
tion to the methods and metrics used in vulnerability science,
but it also provides important comparative information for
policy makers and emergency managers.

STUDY AREA AND DESCRIPTION

The focus of this study is on coastal counties in the conter-
minous United States. The selection of coastal counties was
based on the original USGS selection criteria (e.g., counties
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Table 1. Social variable descriptions used in the computation of the coast-

al social vulnerability index (CSoVI).*

Median age
Per capita income (in dollars)
Median dollar value of owner-occupied housing
Median rent (in dollars) for renter-occupied housing units
Vote cast for president—percent voting for leading party (Republican)
Birth rate (number of births per 1000 population)
Net international migration
Land in farms as a percent of total land
Percent African American
Percent Native American
Percent Asian
Percent Hispanic
Percent of population under 5 years old
Percent of population over 65 years
Percent of civilian labor force that is unemployed
Average number of people per household
Percent of households earning more than $100,000
Percent living in poverty
Percent renter-occupied housing units
Percent rural farm population
General local government debt to revenue ratio
Percent of housing units that are mobile homes
Percent of population 25 years or older with no high school diploma
Number of housing units per square mile
Number of housing permits per new residential construction per square

mile
Number of manufacturing establishments per square mile
Earnings (in $1000) in all industries per square mile
Number of commercial establishments per square mile
Value of all property and farm products sold per square mile
Percent of the population participating in the labor force
Percent females participating in civilian labor force
Percent employed in primary extractive industries (farming, fishing,

mining, and forestry)
Percent employed in transportation, communications, and other public

utilities
Percent employed in service occupations
Percent population change 1990/2000
Percent urban population
Percent females
Percent female headed households, no spouse present
Per capita social security recipients

* There are three missing variables from the original study (Cutter et al.,

2003): nursing home residents per capita, number of community hospitals
per capita, and number of physicians per 100,000 people. Their omission
is deemed insignificant as these three variables had low loadings on the
factors used to compute the original social vulnerability index (SoVI).

Table 2. Factor scores and loadings used to construct the coastal social

vulnerability index (CSoVI).

Factor/label Scaling Method

Percentage

Explained

Variance

Factor 1: Poverty
Factor 2: Age
Factor 3: Development density
Factor 4: Asian and immigrants
Factor 5: Rural/urban dichotomy

None
Absolute value
None
None
Absolute value

15.79
14.83
14.20
9.71
7.09

Factor 6: Race ad gender
Factor 7: Population decline
Factor 8: Ethnicity (Indian) and farming
Factor 9: Infrastructure employment

reliance
Factor 10: Income

Absolute value
Inverse
Abolsute value

None
Inverse

5.35
5.04
3.72

3.36
3.16

that had some portion of their land area directly exposed to
the Pacific Ocean, Atlantic Ocean, or Gulf of Mexico) in order
to compare results. A total of 213 counties met this specifi-
cation and are used in this analysis.

Demographically, dense populations characterize most of
the coastlines of the United States, yet each coastal region
has distinct geomorphic, geologic, and oceanographic char-
acteristics (DEAN, 1999). The Pacific Coast is characterized
by high-energy oceanic patterns (wave and storm action) in
the north with relatively low energy patterns in the south
(THIELER and HAMMER-KLOSE, 2000a). Offshore subduction,
producing raised Quaternary marine terraces, indicates up-
lift along much of the Pacific Coast (GORNITZ, BEATY, and
DANIELS, 1997). Cliffs dominate much of the shoreline, giving
way to river mouths, bays, and estuaries, and occasional
pocket beaches (THIELER and HAMMER-KLOSE, 2000a). Pop-

ulation densities and income levels in the Pacific Coast region
are quite variable. The region is ethnically diverse, especially
within its large coastal cities, San Diego, Los Angeles, and
San Francisco.

The Atlantic coastline is also characterized by decreasing
oceanic energy levels from north to south. Tidal ranges are
less dramatic than the Pacific and are affected by changes in
the configuration of the continental shelf. Wave energies are
generally lower along the Atlantic Coast than along the Pa-
cific. Rocky coastlines in the north turn into barrier islands
backed by estuaries and lagoons as the Atlantic coastline
heads south to the Florida Keys (THIELER and HAMMER-
KLOSE, 1999). The nation’s largest coastal cities (New York,
Boston, and Miami) are located here. Per capita wealth is
concentrated along the Northern Atlantic coastline from Bos-
ton to Cape May as well as in South Florida. Significant Af-
rican American populations are found along the mid-Atlantic
coastal region.

The Gulf of Mexico is quite a different environment all to-
gether. Low oceanic energy is coupled with a relatively small
tidal range. Barrier islands, marshes, and deltas are the most
dominant landforms along the coast, which is mainly com-
prised of fine-grained sediments that are eroded easily in the
event of a coastal storm (THIELER and HAMMER-KLOSE,
2000b). Population density is lower along the Gulf Coast,
with more African American and Latino populations, less
wealth, and more dependence on service- and agricultural-
sector employment (BORUFF, CUTTER, and EMRICH, 2002).

METHODS

Index Construction

To create an index of social vulnerability for the 213 US
coastal counties, we replicated the methods first developed
by CUTTER, BORUFF, and SHIRLEY (2003). Of the 42 socio-
economic variables used in the original study, only 39 were
available in the 2000 US Census (Table 1). The socioeconomic
variables were placed in a principal components analysis
(PCA). Using the varimax rotation option, 10 factors with ei-
genvalues greater than 0.95 were extracted. These factors ex-
plain 82% of the variance among US coastal counties (Table
2). All factors were scaled so that positive values indicate
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Table 3. Physical variables used to create the coastal physical vulnera-

bility index (CVI).*

Variable Measurement Source

Mean tidal range Meters Tide gauges
Coastal slope Percent Topography, bathymetry
Rate of relative sea-

level rise
D mean water

elevation
Tide gauges

Shoreline erosion
and accretion
rates

Meters/year Coastal Erosion Information
System (CEIS)

Mean wave height Meters Wave Information Study
(WIS)

Geomorphology
(erodability)

Ordinal value Geology, topography

* Based on data from Thieler and Hammer-Klose (1999, 2000a, 2000b).

Table 4. Results of tests for regional differences.*

Index ANOVA F-Statistic (.3.00) Significance (,0.05)

PVI
CVI
CSoVI

12.677
9.504
6.768

0.000
0.000
0.001

* PVI 5 place vulnerability index; CVI 5 coastal vulnerability index;
CSoVI 5 coastal social vulnerability index.

higher levels of vulnerability, while negative values decrease
vulnerability. In those instances where the effect was ambig-
uous (e.g., age where elderly would load positively and youn-
ger children negatively), the absolute value was used. Once
extracted and scaled, the factors were placed in an additive
model (making no a priori assumption about the relative im-
portance of each) to produce the overall coastal social vulner-
ability score (CSoVI).

Determining the physical vulnerability of US coastlines to
environmental hazards followed the procedures used by the
USGS (THIELER and HAMMER-KLOSE, 1999, 2000a, 2000b).
The USGS formulated the spatial representation of data for
each coastline through hand-digitized line segments. We uti-
lized the same six variables for each line segment (Table 3).
These segments were then broken down to conform to county
coastline extents, thus permitting analyses at the county lev-
el.

To calculate the CVI, each variable was ranked on an or-
dinal scale between one and five following the USGS meth-
odology (THIELER and HAMMER-KLOSE, 1999, 2000a, 2000b).
CVI was then computed as the square root of the product of
all ranked variables for each line segment divided by n (6),

CVI 5 Ï(a·b·c·d·e·f)/n (1)

The USGS data, however, are based on characteristics ap-
plicable only to the coastlines for which they were derived.
Therefore, each individual variable is not directly comparable
with the same variable on another coast. To create a region-
ally comparable index, the USGS then reranked CVI on an
ordinal scale from one to four (THIELER and HAMMER-KLOSE

1999, 2000a, 2000b). The reranked CVI was used in our anal-
ysis to test for regional differences in physical vulnerability.

The overall place vulnerability index (or PVI) is an additive
model derived by summing the CVI (physical) and CSoVI (so-
cial) scores for each county. Due to the range of values for
CVI and CSoVI, z scores were first calculated for each index
as a means for creating comparable scales. To visually rep-
resent the extremes of the data, the PVI for all coastal coun-
ties was mapped into three categories (low, medium, and
high) using the standard deviations from the mean as the
classification scheme. This same procedure was used in map-
ping the constituent parts, physical vulnerability (CVI) and
social vulnerability (CSoVI).

Determining Relative Importance

To determine the dominant influences on coastal vulnera-
bility, socioeconomic or physical characteristics, two proce-
dures were used. First, to test the degree of physical and
socioeconomic influences on place vulnerability (PVI), a stan-
dard linear regression was performed with PVI as the depen-
dent variable and all physical and socioeconomic variables as
independents. Using a dependent variable composed of the
independent variables violates statistical assumptions, but in
this instance, the independent variables were not used to
model the dependent variable, rather, the procedure was
used to determine the relative influence of each on the ag-
gregate vulnerability index (PVI) using the standardized beta
coefficients.

The second procedure involved the examination of the
physical and social characteristics of the least and most vul-
nerable counties. First, the standardized beta coefficients for
all the independent variables were grouped into physical and
socioeconomic categories and then summed. The average
standardized beta coefficient for each group (physical and so-
cioeconomic) was computed to see which group of variables
explained the most variance in the model. The mean stan-
dardized beta coefficient was used due to the difference in
the total number of variables for each category.

ANALYSIS AND FINDINGS

Regional Variability and Comparisons

An analysis of variance (ANOVA) tested for regional dif-
ferences in the overall place vulnerability (PVI), social vul-
nerability (CSoVI), and physical vulnerability (CVI). Using a
frequency histogram for each region, the normality of the
data (as a whole and for each coast) was examined. Results
of the ANOVA show that there are significant differences (at
the 95% confidence level) for each of the indices (PVI, CSoVI,
and CVI) between the Atlantic, Pacific, and Gulf Coasts (Ta-
ble 4). These differences are not surprising given the diversity
of physical characteristics of the coasts described earlier.

In addition to ethnic and racial disparities, economic dif-
ferences exist between the regions. The average per capita
income of Pacific Coast counties is twice that of both the At-
lantic and Gulf coastal counties. Not surprisingly, the median
value of owner-occupied homes in Pacific Coast counties is
twice that of Gulf Coast counties and one and one half times
that of Atlantic Coast counties. The density of commercial
establishments on the Atlantic Coast is twice that of the Pa-
cific Coast and 10 times that of the Gulf Coast counties. Fi-
nally, the earning density (a measure of county wealth de-
rived from earnings in all industries standardized by square
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Figure 1. Vulnerability of Atlantic coastal counties based on physical (CVI) and social (CSoVI) indicators and their integration into place vulnerability
(PVI).

miles) of Atlantic coastal counties is twice that of Pacific
Coast counties and 20 times the earning density of counties
along the Gulf Coast.

Atlantic Coast

Mapping the CVI for the Atlantic Coast shows high index
values are clustered in the mid-Atlantic counties, particularly
in North Carolina and Virginia (Figure 1). For the most part,
these counties have a gentle coastal slope, less than a two-
foot mean tidal range, are eroding at a rate of more than 1
m per year, and are categorized as a barrier island, sand
beach, salt marsh, mud flat, or delta. Mathews County, Vir-
ginia, is a good example of a county categorized as highly
vulnerable based on physical characteristics (Table 5). Those
counties exhibiting low levels of physical vulnerability tend
to group along the North Atlantic coastline in the New Eng-
land states. On average, low physically vulnerable counties
experience more accretion than erosion, have steeper slopes,
are less affected by sea-level rise, and are categorized as hav-
ing rocky, cliffed coastlines with glacial and alluvial deposits.
Cumberland, Maine, is an example of a coastal county with
a low physical vulnerability score.

From a socioeconomic perspective, the same geographic
pattern appears, with high levels of social vulnerability clus-
tered in counties along the mid-Atlantic Coast and low levels
of social vulnerability along the North Atlantic shoreline (Fig-
ure 1). Counties with high levels of socioeconomic vulnera-

bility have large percentages of persons in poverty, those re-
ceiving social security benefits, African Americans, and fe-
male-headed households. Conversely, those counties with low
levels of social vulnerability have little poverty and unem-
ployment, few mobile homes, and low levels of international
immigrants. New York (Manhattan borough) has the highest
social vulnerability score, while Poquoson County, Virginia,
has the lowest (Table 5).

North Atlantic coastal counties have the lowest levels of
place vulnerability (Figure 1) of all the regions. The most
vulnerable counties again are grouped in the mid-Atlantic re-
gion—along the North Carolina, Virginia, and Maryland
coastlines. The major exceptions to this are metropolitan New
York counties and the south Florida counties of Miami-Dade,
Indian River, St. Lucie, and Martin, each having relatively
moderate levels of physical vulnerability but high enough lev-
els of socioeconomic vulnerability that, when combined, pro-
duce a high PVI value. Northampton, Virginia (on the Del-
marva peninsula), and Cumberland, Maine (Portland), have
the highest and lowest levels of overall vulnerability, respec-
tively (Table 5).

Gulf Coast

Gulf Coast counties with the highest levels of physical vul-
nerability are clustered along the Louisiana and Mississippi
coasts (Figure 2). These counties are characterized by barrier
islands, sand beaches, salt marshes, mud flats, and deltas,
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Table 5. Drivers of regional variations in levels of vulnerability.

Physical Vulnerability CVI Score* Social Vulnerability CSoVI Score† Overall Place Vulnerability PVI Score‡

Atlantic Coast

Most vulnerable

Mathews, Virginia
Northampton, Virginia
Dorchester, Maryland

1.977
1.877
1.787

New York, New York
Hudson, New Jersey
Bronx, New York

3.304
3.263
2.652

Northampton, Virginia
Perquimans, North Carolina
Hudson, New Jersey

2.992
2.383
2.212

Least vulnerable

Westchester, New York
Cumberland, Maine
Bronx, New York

21.857
21.781
21.712

Poquoson, Virginia
James City, Virginia
York, Virginia

23.727
22.348
22.247

Cumberland, Maine
Sagadahoc, Maine
Strafford, New Hampshire

23.397
23.194
23.094

Gulf Coast

Most vulnerable

Plaquemines, Louisiana
Terrebonne, Louisiana
Iberia, Louisiana

2.4905
2.1647
2.1229

Cameron, Texas
Kenedy, Texas
Willacy, Texas

2.798
2.745
2.076

Cameron, Texas
Plaquemines, Louisiana
Kenedy, Texas

3.932
2.998
2.973

Least vulnerable

Hillsborough, Florida
Citrus, Florida
Walton, Florida

21.041
20.873
20.835

Jefferson, Louisiana
Jackson, Mississippi
Jefferson, Texas

21.103
20.784
20.731

Hillsborough, Florida
Okaloosa, Florida
Baldwin, Alabama

21.469
21.232
20.935

Pacific Coast

Most vulnerable

San Francisco, California
Coos, Oregon
Marin, California

0.962
0.490
0.299

San Francisco, California
Del Norte, California
Monterey, California

2.169
0.981
0.929

San Francisco, California
San Mateo, California
Pacific, Washington

3.130
0.777
0.415

Least vulnerable

Clallam, Washington
Monterey, California
Humboldt, California

20.998
20.981
20.928

Marin, California
Lane, Oregon
Sonoma, California

20.937
20.870
20.850

San Luis Obispo, California
Humboldt, California
Lane, Oregon

21.552
21.498
21.397

* Physical vulnerability (erosion hazard) index scores range from 21.857 to 2.490, with a median value of 0.546. The range in values is greatest in the
Atlantic and Gulf Coast regions.
† Coastal social vulnerability index values range from a low of 23.727 to 3.304 with a median value of 20.487. The variablity in social vulnerability is
greatest in the Atlantic Coast region.
‡ Place vulnerability index scores range from 23.397 (low) to 3.932 (high), with a median value of 0.059. The greatest diversity in index scores is found
in the Atlantic Coast region.

with less than a meter tidal range, little slope, and high sea-
level rise and erosion rates. Counties with low levels of phys-
ical vulnerability have coastlines with greater slopes and low-
er erosion rates. These counties are concentrated along the
western portion of the Florida panhandle. Plaquemines
County, Louisiana, has the greatest physical vulnerability,
while Hillsborough (Tampa Bay area) has the least (Table 5).

The highest levels of socioeconomic vulnerability are found
in counties along the southern Texas coast and along the
northwestern portion of Florida’s west coast (Figure 2). There
was an interesting split among the factors that contributed
to high levels of social vulnerability in each of these two ar-
eas. In Texas, high CSoVI values are due to large percentages
of Hispanic persons, international immigrants, and high lev-
els of poverty and unemployment (e.g., Cameron County, Tex-
as) (Table 5). Along the Florida coast, high CSoVI values are
attributed to large elderly populations, numerous mobile
homes, and large numbers of Social Security-benefit recipi-
ents. For those counties with low levels of socioeconomic vul-
nerability (found sporadically along the northern coastline of
the Gulf of Mexico, such as Jefferson Parish, Louisiana),
there is no dominant single indicator.

Mapping place vulnerability results in a different pattern

all together (Figure 2). Counties with high PVI values are
located along the southern Texas coast and in Louisiana,
while counties with low levels of vulnerability are located
along the western portion of the Florida panhandle and
around the Tampa Bay area. The counties with high PVI val-
ues along the Texas coast are due to high levels of socioeco-
nomic vulnerability, while counties along Louisiana have
high levels of physical vulnerability. Low PVI values along
the western portion of the Florida panhandle are a function
of low values on both the physical and social indicators.

Pacific Coast

Pacific Coast counties with high physical vulnerability are
located in central Oregon and in the San Francisco Bay area
(Figure 3). These counties have low, cliffed coastlines, cobble
and sand beaches, alluvial plains, deltas, and estuaries. As
expected, counties classified as highly vulnerable based on
the physical indicators had a steeper slope and higher erosion
rates. San Francisco County, California, is an example of the
most physically vulnerable county in the Pacific Coast region,
while Clallam, Washington, bordering the Strait of Juan de
Fuca, has the lowest physical vulnerability (Table 5).
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Figure 2. Vulnerability of Gulf coastal counties based on physical (CVI) and social (CSoVI) indicators and their integration into place vulnerability (PVI).

As with the Gulf of Mexico, there was a considerable var-
iability in the social vulnerability of the Pacific Coast (Figure
3). Counties in the San Francisco Bay area with high levels
of socioeconomic vulnerability have large percentages of
Asian and Hispanic persons and increasing populations cou-
pled with already dense residential and commercial devel-
opment. Other counties on the Pacific Coast with high CSoVI
values, such as Del Norte, California, have large Native
American populations, large percentages of female-headed
households, and relatively large numbers of Social Security-
benefit recipients. Pacific counties with low levels of socio-
economic vulnerability have less ethnic diversity and lower
levels of commercial and residential development. A good ex-
ample is Lane, Oregon (the host county for the Oregon Dunes
National Recreation Area).

The overall place vulnerability of Pacific Coast counties is
greatest in the San Francisco Bay area (San Francisco and
San Mateo counties) and is a function of socioeconomic factors
(Figure 3). Counties with low levels of place vulnerability ap-
pear in a random geographic pattern (Table 5).

The first question posed in this research asked whether
there was regional variation in the place vulnerability of US
coastal counties. Results from the ANOVA and the spatial
analysis found regional differences not only in place vulner-
ability but also in physical and socioeconomic vulnerability
as well. These findings, especially in the case of physical dif-
ferences, are consistent with the extant literature. Socioeco-
nomic differences appear between each coast, but there are

few studies to either support or refute this finding at the
present time.

Social and Physical Influences of Vulnerability

Determining the greatest influence on the overall vulner-
ability of each region (physical or social characteristics) was
the second objective of this article. To assess this, a simple
regression analysis was performed using PVI as the depen-
dent variable and the CVI and CSoVI as the independent
variables. For all coasts, the average standardized beta co-
efficient for physical variables was 0.239, while the average
standardized beta coefficient for the socioeconomic variables
was 0.046 (Table 6), initially suggesting physical character-
istics are the greater determinant of overall vulnerability.
This conclusion holds for the Atlantic and Pacific Coasts. For
Gulf Coast counties, however, the average standardized beta
coefficient for socioeconomic variables was larger than the
average standardized beta coefficient for physical variables
(0.409 and 0.360, respectively). This suggests that, in this
region, social vulnerability is the greater driver of place vul-
nerability (Table 6).

When examining individual counties, the influences are
more apparent. For example, it is the combination of both
high levels of social and physical vulnerability that produce
San Francisco’s ranking (Table 7). Yet, in Cameron, Texas,
the coastal vulnerability index is quite low but is over-
whelmed by the social vulnerability component. In the case
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Figure 3. Vulnerability of Pacific coastal counties based on physical (CVI) and social (CSoVI) indicators and their integration into place vulnerability
(PVI).

Table 6. Mean standardized beta coefficients for all coasts (regression

using PVI as the dependent variable and all socioeconomic and biophysical

variables as independents).

Attributes

Physical Social

All coasts
Atlantic Coast
Gulf Coast
Pacific Coast

0.239
0.240
0.360
0.179

0.046
0.033
0.409
0.146

of Cumberland, Maine, low values on both physical and social
indicators combine to produce a score representing the least
vulnerable county in the United States. If only the top 10
most vulnerable counties are examined, social characteristics
are as dominant as physical ones in determining vulnerabil-
ity.

Individual Indicators of Vulnerability

When aggregated for all coasts, sea-level rise is the most
important single indicator of place vulnerability, followed by
slope, mean wave height, percent over 65, and the density of
commercial development (Table 8). For the Atlantic Coast,
density of commercial development is the single most impor-
tant contributor in the model, with slope, sea-level rise, mean
wave height, and percent 65 and over following closely behind
(Table 8). In the case of the Gulf Coast, percent 65 and over

has the greatest influence on place vulnerability, followed by
birth rate, sea-level rise, mean wave height, and median age.
For the Pacific Coast, percent Asian explains the greatest
variation in the model followed by housing-unit density, ero-
sion/accretion rate, percent renter, percent females in the la-
bor force (Table 8).

DISCUSSION

The previous research on coastal vulnerability primarily
focused on the physical aspects of vulnerability such as hur-
ricane exposure, beach erosion, and environmental degrada-
tion. This article took issue with that conceptualization of
vulnerability as only an exposure measure (e.g., GORNITZ,
BEATY, and DANIELS, 1997; H. JOHN HEINZ III CENTER,
2000b; JAGGER, ELSNER, and NIU, 2001; MORTON and PE-
TERSON, 2003) and presented a method for combining phys-
ical exposure factors with socioeconomic indicators that, in
tandem, more accurately reflect the vulnerability of a specific
coastal county to erosion hazards.

It has become clear through this analysis that, when phys-
ical and social attributes are compared, there are significant
spatial differences between them and their overall influence
in the assessment of place vulnerability. This finding is con-
sistent with the existing research (most notably, CLARK et al.

1998; CUTTER, MITCHELL, and SCOTT, 2000; WU, YARNAL,
and FISHER, 2002). In some regions, especially the Atlantic
and Pacific Coasts, the overall place vulnerability scores were
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Table 7. Most and least vulnerable counties according to the place vulnerability index (PVI).

County Place Vulnerability (PVI) Physical Attributes (CVI) Social Attributes (CSoVI)

Most vulnerable

Cameron, Texas
San Francisco, California
Plaquemines, Louisiana
Northampton, Virginia
Kenedy, Texas

3.93
3.13
3.00
2.99
2.97

1.13
0.96
2.49
1.88
0.23

2.80
2.17
0.51
1.12
2.75

Willacy, Texas
Matagorda, Texas
Perquimans, North Carolina
Terrebonne, Louisiana
Hudson, New Jersey

2.89
2.58
2.38
2.37
2.21

0.82
1.51
1.34
2.16

21.05

2.08
1.07
1.04
0.21
3.26

Least vulnerable

Cumberland, Maine
Sagadahoc, Maine
Strafford, New Hampshire
York, Maine
New London, Connecticut

23.40
23.19
23.09
23.03
22.98

21.78
21.60
21.64
21.58
21.56

21.62
21.60
21.46
21.45
21.42

Newport, Rhode Island
Middlesex, Connecticut
Fairfax, Virginia
Knox, Maine
Baltimore, Maryland

22.95
22.90
22.89
22.86
22.83

21.53
21.43
21.11
21.67
21.31

21.42
21.48
21.78
21.19
21.52

Table 8. Ranking of socioeconomic and biophysical variables based on standardized beta coefficients (b) for all coasts together.*

All Coastlines b Atlantic b Gulf b Pacific b

Sea-level rise (mm/y) 0.374 Density of commercial
development

0.436 Percent 65 and over 0.696 Percent Asian 0.789

Slope 0.315 Slope 0.341 Birth rate 0.604 Housing unit density 0.472
Mean wave height (m) 0.291 Sea-level rise (mm/y) 0.322 Sea-level rise (mm/y) 0.368 Erosion/accretion rate

(m/y)

0.184

Percent 65 and over 0.206 Mean wave height (m) 0.271 Mean wave height (m) 0.353 Percent renter 20.273
Density of commercial

development
0.199 Percent 65 and over 0.215 Median age 0.326 Percent females in the

labor force
20.457

* Significant at p , 0.05 or better. Derived from a standardized step-wise regression equation. Bold type indicates physical variables.

driven by the physical characteristics of the coastline and less
so by the social characteristics of the people who reside there.
Conversely, in the Gulf Coast, social vulnerability is more of
a determining factor in the overall place vulnerability of
these counties. In those regions where physical characteris-
tics were the more significant determinants of overall vul-
nerability, it was tidal range and rate of relative sea-level
rise that were most significant. This is consistent with the
findings reported in ZHANG, DOUGLAS, and LEATHERMAN

(2001).
It is important to understand that, either singularly or col-

lectively, physical and social indicators represent only a por-
tion of the human-environment interaction that amplifies or
attenuates the vulnerability of coastal populations to envi-
ronmental hazards. This article promotes the methodological
developments of hazards science to demonstrate the inter-
active nature of human and physical systems in the produc-
tion of vulnerability, but the place vulnerability index is not
a panacea. For example, there are some important questions
of scale—social data were at the county level and physical
attributes were at a shoreline-segment scale. Further, the
physical data included both longer term conditions (rate of

sea-level rise) as well as daily averages (mean tidal range),
while the social data represent a snapshot for one census
year, 2000. In this regard, the PVI is merely a static indicator
of conditions at a single point in time, not a dynamic repre-
sentation of them.

This article highlights the regional variability in vulnera-
bility and its determinants. This understanding is critically
important when designing policy and mitigation initiatives
for specific locations. Mitigation and other policy initiatives
must be place-specific and flexible in order to adjust to var-
iability in physical parameters and social characteristics. For
example, improvements in social conditions (especially hous-
ing stock) might have a greater impact in reducing vulnera-
bility in some Gulf Coast counties than physically based mit-
igation measures such as short-lived erosion control by beach
nourishment or hardened structures, such as seawalls. Im-
proved decision making based on an understanding of the
underlying dimensions of vulnerability is one tangible con-
tribution of this research.

Future work should be aimed at a more detailed under-
standing of place vulnerability by downscaling the analysis
to the subcounty level. This entails a more detailed analysis
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of social vulnerability at the block or block-group level (using
Census data). It also necessitates more detailed analyses of
the physical characteristics of specific coastline segments and
the integration of the two data sets using enhanced geograph-
ic information systems. Such research should explain in
greater detail both the physical and social processes that pro-
duce coastal vulnerability. The incorporation of a temporal
element (last decade to the present) to track changes in both
social and physical vulnerability would be a significant im-
provement as well. Mitigation indicators (seawalls and other
protective measures) are not included in the indices even
though they may in fact help reduce the physical vulnerabil-
ity of places. The development of empirically based mitigation
metrics would be a useful addition to our understanding of
the vulnerability of places. Finally, it would be instructive to
include the Great Lakes, Alaska, and Hawaii in future re-
search on the vulnerability of US coastal counties.

CONCLUSIONS

This article generalized some of the regional variability in
vulnerability and highlighted some of the specific physical
and socioeconomic factors that have the greatest influence on
the vulnerability of coastal communities of the United States.
The results can be summarized as follows:

● There are significant differences in the social and physical
vulnerability of the Atlantic, Pacific, and Gulf coastal coun-
ties.

● Physical factors are the more important determinants of
vulnerability on the Atlantic and Pacific Coasts, but social
factors dominate vulnerability on the Gulf Coast.

The PVI provides a comparative metric of vulnerability for
coastal counties, but it includes much more information than
that. For example, two counties could have the same PVI
score, but county A might have a very high physical vulner-
ability score and a much lower social vulnerability score.
Meanwhile, when county B (with the same PVI score as coun-
ty A) is examined, it is clear that county B’s place vulnera-
bility is a function of its high social vulnerability score and a
lower physical vulnerability one. Not only can we compare
different places, but we also can disaggregate the scores to
see whether physical or social factors or both tend to be more
influential in producing the vulnerability of each county to
coastal hazards. These findings paint a picture of regional
differences in vulnerability and spatial variability in the driv-
ers behind vulnerability and should prompt policy makers to
consider a suite of mitigation alternatives that are tailored
to the local situation rather than a one-size fits all approach
to hazard vulnerability reduction.

LITERATURE CITED

BORUFF, B.J.; CUTTER, S.L., and EMRICH, C.T., 2002. Historic as-
sessment of the socio-economic vulnerability of United States
coastal counties. Vulnerability Assessment Techniques (VAT) III
Workshop (Wildey, St. Michael, Barbados).

BRYAN, B.; HARVEY, N.; BELPERIO, T., and BOURMAN, B., 2001. Dis-
tributed process modeling for regional assessment of coastal vul-
nerability to sea-level rise. Environmental Modeling and Assess-
ment, 6, 57–65.

CLARK, G.E.; MOSER, S.C.; RATICK, S.J.; DOW, K.; MEYER, W.B.;
EMANI, S.; JIN, W.; KASPERSON, J.X.; KASPERSON, R.E., and
SCHWARZ, H.E., 1998. Assessing the vulnerability of coastal com-
munities to extreme storms: the case of Revere, MA, USA. Miti-
gation and Adaptation Strategies for Global Change, 3, 59–82.

CUTTER, S.L., 1996. Vulnerability to environmental hazards. Pro-
gress in Human Geography, 20(4), 529–539.

CUTTER, S.L.; BORUFF, B.J., and SHIRLEY, W.L., 2003. Indicators of
social vulnerability to environmental hazards. Social Science
Quarterly, 84(1), 242–261.

CUTTER, S.L.; MITCHELL, J.T., and SCOTT, M.S., 2000. Revealing the
vulnerability of people and places: a case study of Georgetown
County, South Carolina. Annals of the Association of American Ge-
ographers, 90(4), 713–737.

DAVIDSON, R.A. and LAMBERT, K.B., 2001. Comparing the hurricane
disaster risk of US coastal counties. Natural Hazards Review, 2(3),
132–142.

DEAN, C., 1999. Against the Tide: The Battle for America’s Beaches.
New York: Columbia University Press, 279p.

FLAX, L.K.; JACKSON, R.W., and STEIN, D.N., 2002. Community vul-
nerability assessment tool methodology. Natural Hazards Review,
3(4), 163–176.

GAMBOLATI, G.; TEATINI, P., and GONELLA, M., 2002. GIS simula-
tion of the inundation risk in the coastal lowlands of the Northern
Adriatic Sea. Mathematical and Computer Modeling, 35, 963–972.

GORNITZ, V.M.; BEATY, T.W., and DANIELS, R.C., 1997. A Coastal
Hazards Data Base for the US West Coast. Oak Ridge, Tennessee:
Oak Ridge National Laboratory, 162p.

GORNITZ, V.M. and WHITE, T.W., 1992. A Coastal Hazards Data
Base for the US East Coast. Oak Ridge, Tennessee: Oak Ridge
National Laboratory, 184p.

GORNITZ, V.M. and WHITE, T.W., 1994. A Coastal Hazards Data
Base for the US Gulf Coast. Oak Ridge, Tennessee: Oak Ridge
National Laboratory, 112p.

GRAY, W.M.; KLOTZBACH, P.J., and LANDSEA, C.W., 2003. Extended
Range Forecast of Atlantic Seasonal Hurricane Activity and US Land-
fall Strike Probability for 2003. Fort Collins: Colorado State Univer-
sity, Department of Atmospheric Science, 21p. Available online at
http://hurricane.atmos.colostate.edu/forecasts/2003/april2003/ (ac-
cessed July 26, 2004).

H. JOHN HEINZ III CENTER, 2000a. Evaluation of Erosion Hazards.
Washington, DC: H. John Heinz III Center for Science, Economics
and the Environment, 252p. Available online at http://www.
heinzctr.org/publications.htm (accessed July 26, 2004).

H. JOHN HEINZ III CENTER, 2000b. The Hidden Costs of Coastal
Hazards: Implications for Risk Assessment and Mitigation. Wash-
ington, DC: Island Press, 220p.

H. JOHN HEINZ III CENTER, 2002. Human Links to Coastal Disas-
ters. Washington, DC: H. John Heinz III Center for Science, Eco-
nomics and the Environment, 139p.

HAMMER-KLOSE, E. and THIELER, R., 2001. Coastal Vulnerability to
Sea-Level Rise: A Preliminary Database for the US Atlantic, Pacific
and Gulf of Mexico Coasts. Woods Hole, MA: United States Geo-
logical Survey.

JAGGER, T.; ELSNER, J.B., and NIU, X., 2001. A dynamic probability
model of hurricane winds in coastal counties of the United States.
Journal of Applied Meteorology, 40, 853–863.

JENSEN, J.R.; HALLS, J.N., and MICHEL, J., 1998. A system ap-
proach to mapping for oil spill contingency planning and response.
Photogrammetric Engineering and Remote Sensing, 64, 1002–
1014.

JENSEN, J.R.; NARUMALANI, S.; WEATHERBEE, O.; MURDAY, M.;
SEXTON, W.J., and GREEN, C.J., 1993. Coastal environmental sen-
sitivity mapping for oil spills in the United Arab Emirates using
remote sensing and GIS technology. Geocarto International, 2, 5–
13.

KANA, T.W. 2003. Coastal Erosion and Solutions: A Primer. Colum-
bia, South Carolina: Coastal Science & Engineering LLC, 25p.

KASPERSON, J.X., and KASPERSON, R. (eds.), 2001. Global Environ-
mental Risk. New York, NY: United Nations Press, 574p.

KLEIN, R.J.T. and NICHOLLS, R.J., 1999. Assessment of coastal vul-
nerability to climate change. Ambio, 28(2), 182–187.

Downloaded From: https://bioone.org/journals/Journal-of-Coastal-Research on 30 May 2022
Terms of Use: https://bioone.org/terms-of-use



942 Boruff, Emrich, and Cutter

Journal of Coastal Research, Vol. 21, No. 5, 2005

MCCARTHY, J.J.; CANZIANA, O.F.; LEARY, N.A.; DOKKEN, D.J., and
WHITE, K.S. (eds.), 2001. Climate Change 2001: Impacts, Adap-

tation, and Vulnerability. Contribution of Working Group II to the

Third Assessment Report of the Intergovernmental Panel on Cli-

mate Change. Cambridge: Cambridge University Press, 1032p.
Online at http://www.grida.no/climate/ipccptar/wg2/index.htm (ac-
cessed July 26, 2004).

MERCADO, A., 1994. On the use of NOAA’s storm surge model,
SLOSH in managing coastal hazards—the experience in Puerto
Rico. Journal of Natural Hazards, 10, 235–246.

MORTON, R.A., and PETERSON, R.L., 2003. Southwestern Florida
coastal classification maps—Venice inlet to Cape Romano. Coastal

Classification Atlas. USGS open file report 03-322. Available at
http://pubs.usgs.gov/of/2003/of03–322/index/html (accessed De-
cember 13, 2003).

NATIONAL HURRICANE CENTER. 2002. Slosh model. Miami, FL: Na-
tional Hurricane Center. Available at http://www.nhc.noaa.gov/
HAW2/englisht/surge/slosh.shtml (accessed July 26, 2004).

NICHOLLS, R., 1998. Coastal Vulnerability to Sea-Level Rise: Evalu-

ation and Selection of Methodologies for Implementation. Barbados:
Caribbean Planning for Adaptation to Global Climate Change
(CPACC), Technical Report TR98002, 44p. Available at http://
www.cpacc.org/ifrownframe.htm (accessed July 26, 2004).

NORONHA, L.; NAIRY, S.; SONAK, S.; ABRAHAM, M., and SREEKESH,
S., 2003. A framework of indicators of potential coastal vulnera-
bility to development. TERI Working Papers. New Delhi, India.
Available at http://www.teriin.org/teri-wr/coastin/discuss.htm (ac-
cessed December 13, 2003).

ODEH, D.J., 2002. Natural hazards vulnerability assessment for
statewide mitigation planning in Rhode Island. Natural Hazards

Review, 3(4), 177–187.
SHAW, J.; TAYLOR, R.B.; FORBES, D.L.; RUZ, M.-H., and SOLOMON,

S., 1998. Sensitivity of the Coasts of Canada to Sea-Level Rise. Bul-
letin 505, Ontario: Geological Survey of Canada, 114p.

SHELDUS (SPATIAL HAZARD EVENTS AND LOSSES DATASET FOR THE

US), 2004. Available at http://sheldus.org (accessed July 26, 2004).
SMALL, C. and NICHOLLS, R. J. 2003. A global analysis of human

settlement in coastal zones. Journal of Coastal Research, 19(3),
584–599.

THIELER, E.R. and HAMMER-KLOSE, E.S., 1999. National Assessment
of Coastal Vulnerability to Sea-Level Rise: Preliminary Results for
the US Atlantic Coast. Woods Hole, MA: United States Geological
Survey (USGS), Open File Report 99-593, 1p.

THIELER, E.R. and HAMMER-KLOSE, E.S., 2000a. National Assess-
ment of Coastal Vulnerability to Sea-Level Rise: Preliminary Re-
sults for the US Pacific Coast. Woods Hole, MA: United States Geo-
logical Survey (USGS), Open File Report 00-178, 1p.

THIELER, E.R. and HAMMER-KLOSE, E.S., 2000b. National Assess-
ment of Coastal Vulnerability to Sea-Level Rise: Preliminary Re-
sults for the US Gulf of Mexico Coast. Woods Hole, MA: United
States Geological Survey (USGS), Open File Report 00-179, 1p.

TOBIN, B.E. and MONTZ, B.A., 1997. Natural Hazards: Explanation
and Integration. New York: Gilford Press, 388p.

US CENSUS BUREAU, 2002. State and County Quick Facts. Washing-
ton, DC: United States Census Bureau. Available at http://
quickfacts.census.gov/qfd/ (accessed July 26, 2004).

WOOD, N.J.; GOOD, J.W., and GOODWIN, R.F., 2002. Vulnerability
assessment of a port and harbor community to earthquake and
tsunami hazards: integrating technical expert and stakeholder in-
put. Natural Hazards Review, 3(4), 148–157.

WU, S.-Y.; YARNAL, B., and FISHER, A., 2002. Vulnerability of coast-
al communities to sea-level rise: a case study of Cape May County,
New Jersey, USA. Climate Research, 22, 225–270.

ZHANG, K.; DOUGLAS, B.C., and LEATHERMAN, S.P., 2001. Beach
erosion potential for severe nor’easters. Journal of Coastal Re-
search, 17, 309–321.

Downloaded From: https://bioone.org/journals/Journal-of-Coastal-Research on 30 May 2022
Terms of Use: https://bioone.org/terms-of-use




