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Vulnerability ScienceVulnerability Science

Development of methods and metrics for analyzing societal Development of methods and metrics for analyzing societal 
vulnerability and resilience to environmental hazards and vulnerability and resilience to environmental hazards and 
extreme eventsextreme events
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Social VulnerabilitySocial Vulnerability
Identification of population Identification of population 
characteristics that influence the characteristics that influence the 
social burdens of riskssocial burdens of risks

How those factors affect the How those factors affect the 
distribution of risks and lossesdistribution of risks and losses

Based on extensive postBased on extensive post--disaster disaster 
field work monitoring the field work monitoring the 
location of losses including location of losses including 
surveys of affected populations surveys of affected populations 
as well as preas well as pre--impact studiesimpact studies



Some examples:Some examples:
Special Needs PopulationsSpecial Needs Populations
–– Difficult to identify (infirm, transient) let alone measure; Difficult to identify (infirm, transient) let alone measure; 

invariably left out of recovery efforts; often invisible in invariably left out of recovery efforts; often invisible in 
communitiescommunities

Age (Elderly and Children)Age (Elderly and Children)
–– Affect mobility out of harmAffect mobility out of harm’’s way; need special care; more s way; need special care; more 

susceptible to harmsusceptible to harm

Socioeconomic Status (Rich, Poor)Socioeconomic Status (Rich, Poor)
–– Ability to absorb losses and recover (insurance, social safety Ability to absorb losses and recover (insurance, social safety 

nets), but more material goods to losenets), but more material goods to lose

Race and Ethnicity (NonRace and Ethnicity (Non--white, Nonwhite, Non--Anglo)Anglo)
–– Impose language and cultural barriers; affect access to postImpose language and cultural barriers; affect access to post-- 

disaster recovery funding; tend to occupy high hazard zonesdisaster recovery funding; tend to occupy high hazard zones

Gender (Women)Gender (Women)
–– gendergender--specific employment, lower wages, carespecific employment, lower wages, care--giving rolegiving role



Mapping Social Vulnerability: Mapping Social Vulnerability: 
The Social Vulnerability Index (The Social Vulnerability Index (SoVISoVI))

County level socioeconomic profiles based on decennial County level socioeconomic profiles based on decennial 
census 1960census 1960--20002000

42 variables reduced to factors (~11)42 variables reduced to factors (~11)

Summed to create index scoreSummed to create index score

Explains 74% to 78% of variance in dataExplains 74% to 78% of variance in data

Dominant factors:  Dominant factors:  
–– Socioeconomic statusSocioeconomic status
–– Development densityDevelopment density
–– AgeAge





http://www.cas.sc.edu/geog/hrl/sovi.html

Social Vulnerability Index, 2000Social Vulnerability Index, 2000

FEMA Region 4

FEMA Region 2



Hazard Exposure: Intersection of physical and 
social vulnerability
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Boruff, B. J., C. Emrich, and S. L. Cutter, 2005. “Hazard Vulnerability of U.S. Coastal Counties”, 
Journal of Coastal Research 21(5): 932-942.



WhatWhat’’s driving the erosion hazard s driving the erosion hazard 
vulnerability in US coastal counties?vulnerability in US coastal counties?

All coasts: sea level rise, slope, All coasts: sea level rise, slope, 
mean wave heightmean wave height

Atlantic:  density of Atlantic:  density of 
commercial development, commercial development, 
slope, sea level riseslope, sea level rise
Gulf: % over 65, birth rate, Gulf: % over 65, birth rate, 
sea level risesea level rise
Pacific:  % Asian, housing unit Pacific:  % Asian, housing unit 
density, erosion/accretion ratedensity, erosion/accretion rate

PhysicalPhysical SocialSocial

All coastsAll coasts 0.240.24 0.050.05

AtlanticAtlantic 0.240.24 0.030.03

GulfGulf 0.360.36 0.410.41

PacificPacific 0.180.18 0.150.15



Community Level AggregationCommunity Level Aggregation



Changes in Social Vulnerability, 1960Changes in Social Vulnerability, 1960--20002000

Factors % Var. Exp.

1960 6 84.2

1970 7 83.1

1980 6 74.2

1990 6 80.2

2000 6 74.1

Recurrent FactorsRecurrent Factors

Race (Black) and 
socioeconomic status

Gender, Families

Ethnicity, Immigration

Rural / Urban

Age, Nursing Home 
Residents

Gendered Labor

Occupation



Modeling for Scenario Modeling for Scenario 
DevelopmentDevelopment

Category 4 HurricaneCategory 4 Hurricane

Landfall: Beaufort, SCLandfall: Beaufort, SC



Post Event AssessmentPost Event Assessment
Disproportionate impacts based on preDisproportionate impacts based on pre--existing vulnerabilities means existing vulnerabilities means 

uneven recoveryuneven recovery



Uneven Impact, Recovery DisparitiesUneven Impact, Recovery Disparities



PrePre--Impact PreparednessImpact Preparedness
Relationship between vulnerability, threat source, 
and preparedness expenditures





Built Environment Index (BEVI)Built Environment Index (BEVI)

40 variables indicating characteristics of the built environment40 variables indicating characteristics of the built environment such as such as 
transportation infrastructure (road miles, rail miles, bridges),transportation infrastructure (road miles, rail miles, bridges),
residential property, commercial and industrial development, lifresidential property, commercial and industrial development, lifelines elines 
(hospitals, schools), monuments (churches, landmark buildings)(hospitals, schools), monuments (churches, landmark buildings)

Reduced to 7 factorsReduced to 7 factors
–– Urban densityUrban density -- Water infrastructureWater infrastructure
–– LandmarksLandmarks -- Oil and gas infrastructureOil and gas infrastructure
–– Housing ageHousing age -- Nuclear facilitiesNuclear facilities
–– Residential property valuesResidential property values

Explain 83% variability in dataExplain 83% variability in data









Indices SoVI BEVI

Total US Terrorist 
Events 1970-2005 
(GTD/MIPT)

-0.103 0.333**

Total UASI Funding 
2003-2006 (per capita in 
US Dollars)

-0.037* 0.399**

* Significant at 0.05; ** Significant at 0.01

Total UASI 
funding 

(2003-2006)

Total UASI 
funding 
(2006)

Total US Terrorist Events 
1970-2005 (GTD/ MIPT)

0.727** 0.432**

Total Population, 2000 0.640** 0.451**



Concluding ThoughtsConcluding Thoughts
SoVISoVI is a robust and scalable is a robust and scalable 
metric for comparing places on metric for comparing places on 
their social vulnerabilitytheir social vulnerability

BEVI shows more correlation BEVI shows more correlation 
with UASI expenditures and with UASI expenditures and 
terrorist incidentsterrorist incidents

Need more integration between Need more integration between 
physical process, threat physical process, threat 
assessments, and social assessments, and social 
process models and metrics process models and metrics 

Need to consider the spatial Need to consider the spatial 
variability in preparedness variability in preparedness 
planning and spatial disparities planning and spatial disparities 
in the allocation preparedness in the allocation preparedness 
and recovery resourcesand recovery resources
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Contact InformationContact Information

Dr. Susan Cutter (Dr. Susan Cutter (scutter@sc.eduscutter@sc.edu))

Hazards & Vulnerability Research Institute Hazards & Vulnerability Research Institute 
((http://www.cas.sc.edu/geog/hrlhttp://www.cas.sc.edu/geog/hrl))

Social Vulnerability IndexSocial Vulnerability Index
((http://www.cas.sc.edu/geog/hrl/sovi.htmlhttp://www.cas.sc.edu/geog/hrl/sovi.html))

mailto:scutter@sc.edu
http://www.cas.sc.edu/geog/hrl
http://www.cas.sc.edu/geog/hrl/sovi.html
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