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ABSTRACT

Socialvulnerabilityhasbeenanimportantconcepttocharacterizetheextenttowhichhumansociety
isvulnerabletohazards.Althoughitiswellknownthatsocialvulnerabilityvariesacrossspaceand
overtime,thereisonlyapaucityofstudiestoexaminethebasicpatternsofthespatialandtemporal
dynamicsofthesocialvulnerabilityintheUnitedStates.Thisstudyexaminesthespatialandtemporal
dynamicsofsocialvulnerabilityoftheU.S.countiesfrom1970to2010.Foreachdecade,social
vulnerabilityofcountiesisquantifiedbythesocialvulnerabilityindex(SoVI)usingcounty-level
social,economic,demographic,andbuiltenvironmentcharacteristics.TheSoVIismainlydesignedto
quantifythecross-sectionalvariationofsocialvulnerabilityandisnotconducivetodirectcomparison
overtime.Thisstudyimplementsamethodologythatintegratesquantilestandardization,sequence
alignmentanalysis,andclusteranalysistoinvestigatehowsocialvulnerabilityofU.S.countieshas
changedovertime.TheauthorsfindthatU.S.countiesexhibitdistinctivespatialandlongitudinal
patterns,andtherearecounties/areaswhichhavepersistenthighorlowsocialvulnerabilityaswell
asfrequentchangeintheirsocialvulnerabilityovertime.Theresultscanbeusefulforpolicymakers,
disastermanagers,planningofficials,andsocialscientistsingeneral.
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INTRoDUCTIoN

Social vulnerability is an essential concept to understand the extent to which human society is
vulnerabletonaturaldisasters(Cutter&Finch,2008).Asthehumanpopulationhasexperienced
extraordinarygrowth,redistribution,andcompositionalchangeacrosstheworld,boththesocialand
naturalenvironmentsoftheworldhavebeensignificantlyaltered.Astheresult,theanthropogenic
factors,suchasdeforestation,landusechange,andexcessiveemissionofgreenhousegaseshave
becomethemajordriversthatacceleratetheglobalclimatechange(NationalAcademiesofSciences,
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2016).Thechangingglobalclimateislikelytoincreasetheintensityandseverityofnaturalhazards
–suchasheatwaves,droughts,wildfires,floods,andtropicalcyclones(VanAalst,2006).Many
rapidlygrowinghumancommunitiesintheUnitedStatesareincreasinglyexposedandvulnerable
tothenaturalhazards(Flanagan,Gregory,Hallisey,Heitgerd,&Lewis,2011).Assessingtheextent
towhichtheUnitedStatesisvulnerabletonaturalhazardsinspaceandovertimeisfundamentalto
preparefor,counteract,andmitigatepotentialdamagesfromnaturalhazards(Cutter,1996;VanAalst,
2006).ThisstudyinvestigateshowsocialvulnerabilityofcountiesintheUnitedStateshasevolved
inspaceandovertimefrom1970to2010.

Itiswellknownthattheseverityoftheaftermathofnaturalhazardsisnotonlydirectlyaffectedby
thegeophysicalcharacteristicsofthehazardevents,butalsocompoundedbythesocialcharacteristics
oftheaffectedpopulations(Cutter,1996;Tobin&Montz,1997).Theat-riskpopulationsofdifferent
social characteristics candisproportionatelymagnifyor attenuate the impactsofnaturalhazards
as they have differential capacity to adapt to and recover from exogenous perturbations (Adger,
2006;Cutter,2001;Turneretal.,2003).Sociallyvulnerablepopulationsarelikelytosuffergreater
disruptioninthewakeofnaturalhazardsduetothelackofresourcesandcopingcapacity(Cutter,
2001,2009;Wisner,Blaikie,Cannon,&Davis,2004).Assuch,naturaldisastersareanoutgrowthof
socialvulnerabilityandcanbeconsideredsociallyproduced,or“unnatural”(Laska&Morrow,2006;
Logan,2009;N.Smith,2006;Wisneretal.,2004).Assessingsocialvulnerabilityisfundamentalto
understandhowhumansocietyisvulnerabletonaturalhazardsandcanbepreparedwithpreventive
mitigationstrategies.

Social vulnerability is often assessed by social vulnerability index (SoVI), which was first
introducedbyCutter,Boruff,andShirley(2003),andhassincebeenwidelyusedtoassesstherelative
levelofsocialvulnerabilityatvariousgeographicscalesbasedupontheunderlyingdemographicand
socio-economiccharacteristics.TheSoVIisacompositeindexthatcanhelpbetterunderstandthe
cross-sectionalandspatialvariationofsocialvulnerability.FollowingCutteretal.(2003)’sapproach,
manystudieshaveusedSoVItomeasurethespatialdistributionofsocialvulnerabilitytoallnatural
hazardsorspecifichazardeventssuchasfloods,tsunami,sea-levelrise,andhurricanes(Burton&
Cutter,2008;Flanaganetal.,2011;Myers,Slack,&Singelmann,2008;Rufat,Tate,Burton,&Maroof,
2015;Rygel,O’sullivan,&Yarnal,2006;Wang&Yarnal,2012;Wood,Burton,&Cutter,2010;Wu,
Yarnal,&Fisher,2002;Yoon,2012;Zahran,Brody,Peacock,Vedlitz,&Grover,2008).Inparticular,
mappingSoVIisveryoftenusedtorevealtheregionaldiscrepancyandspatialvariationofsocial
vulnerability(Cutteretal.,2003;Cutter&Finch,2008;D.King&MacGregor,2000;Morrow,1999).

Mostsocialvulnerabilitystudiestakeaplace-basedapproach,inwhichsocialvulnerabilityto
potential hazards is inferredby considering social economic anddemographic characteristics of
places(Cutter,1996,2009).Inthepastfewdecades,theU.S.populationhasexperiencedsignificant
growth,diversification,andspatialreallocation(Donner&Rodríguez,2008;Magnus,2008;Thomas,
Phillips,Lovekamp,&Fothergill,2013).Thechanginggeo-demographicsmusthavealteredsocial
vulnerabilityofplacesacrosstheUnitedStates.Thisstudyinvestigates themajorpatternsinthe
spatialandtemporaldynamicsofsocialvulnerabilityofU.S.countiesfrom1970to2010.Assuch,
thisstudyconsiderssocialvulnerabilityasaspatialandtemporalprocessevolvingovertimeand
acrossspace,anditshedslightonthespatialpatternsaswellasthetemporaldynamicsofsocial
vulnerabilityintheUnitedStatesfrom1970to2010.

Inparticular,thisstudyattemptstounderstand:theprominenttrajectoriesofsocialvulnerability
changeofU.S.countiesovertime;theextenttowhichthecountylevelsocialvulnerabilityisstationary
ormutableovertime;andthelocationswheresocialvulnerabilityhavedeterioratedovertime.This
study employs a methodology that compares the U.S. counties’ changing social vulnerability to
understandtheirsimilarordifferenttrajectories.Thetrajectoriesofsocialvulnerabilityshedlighton
thepathwaysbywhichU.S.counties’vulnerabilityhasbeentransitionalovertime.

Therestofthepaperproceedsasfollows.Thesecondsectionreviewstheconceptualizationof
socialvulnerabilityasaspatialandtemporaldynamics.Thethirdsectionintroducesthemethodology
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