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Abstract

Values related to culture, identity, community cohesion and sense of place have sometimes
been downplayed in the climate change discourse. However, they have been suggested to
be not only important to citizens but the values most vulnerable to climate change. Here we
test four empirical consequences of the suggestion: (i) at least 50% of the locations citizens'
consider to be the most important locations in their municipality are chosen because they
represent these values, (ii) locations representing these values have a high probability of
being damaged by climate change induced sea level rise, (iii) citizens for which these values
are particularly strongly held less strongly believe in the local effects of climate change, and
(iv) citizens for which these values are particularly strongly held less strongly believe that
they have experienced the effects of climate change. The tests were made using survey
data collected in 2014 from 326 citizens owning property in Hégan&s municipality, Sweden,
and included values elicited using a new methodology separating instrumental values from
end values, and using the former (which strictly speaking should be seen as estimates of
usefulness rather than as aims in themselves) as stepping stones to pinpoint the latter, that
represent the true interests of the respondents. The results provide the first evidence that,
albeit frequent, values related to culture, identity, community cohesion and sense of place
are not the values most vulnerable to climate change. This in turn indicates a need to further
investigate the vulnerability of these values to climate change, using a methodology that
clearly distinguishes between instrumental and end values.

Introduction

Assessmentsf vulnerabilityto climatechangereflectingexposuresensitivityand adaptive
capacityto climatechangd1], typicallyfocuson materialand economicaspectsf climate
changewhile valuegelatedto culture,identity, community cohesiorandsensef placeare
rarelyaccountedor, e.g.[2+3]. However thesdatterkinds of valuehavebeensuggestedot
only important for humanwell-beingbut potentiallythe valuesnostvulnerableto climate
changd4], p.112in [2].
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Thecitizensthemselvemight takemeasure$o protectvaluesatrisk from climatechange,
shouldthe societyfail to protectthem. Thepreparednest takemeasure$o adapthasbeen
shownto dependon the decision-makingagentsperceptionof risk, e.g [5]. Basedn abelief-
desiremodel[6+7] driving adaptationyecentstudiesshowthatthe responseto two questions
abouttheindividual, on heror his strengthof beliefin localeffectof climatechangeandin
havingexperiencedhe effectf climatechangeprovidean almostcompleteexplanatiorto
adaptationof forestmanagemento the effectf climatechangeamongprivateforestowners
[8+9]. How stronglyanindividual believesn thelocaleffectsof climatechangeandin having
experiencedhe effectof climatechangearethusimportant determinantsof his or heradap-
tive measuresind henceaffectshis or her vulnerabilityto climatechangeaswell.

Alsootherstudieshaveshownthesewo factorsto be powerfulexplanatoryfactorsfor
adaptatiorto climatechangg10+11].The strengthof beliefin localeffectsof climatechange
providesanexplanatiorto thevariationin Swedishmunicipality plannersimplementationof
measureor adaptatiorto climatechangeaswell[12]. In the caseof understandingvhichval-
uesaremostatrisk, pastresearcthasfound peoplewho particularlyvalueculture,identity,
community cohesiorandsensef placearelesdikely to perceiveahemselvesatrisk of climate
changee.g.[13].

A muchtried but oftenunsuccessfuvayof makingvaluesexplicitaswell asto makethem
easietto comparejsto dresshemin monetaryterms.Adger,O'Brien,andcolleaguegpoint
out thatsometimes|t]he lossof placeandits psychosociand cultural elementgthe lossof a
'world") canarguablyneverbecompensatefbr with money'[14], p.15in [4]. Theproblem
canto someextentbedealtwith throughthe useof differentkinds of contingentvaluation
schemes.g [15£18],but whentranslatingnon-monetaryvalueinto monetaryvalue some
information isinevitablylost. Theinformation lostis typicallyqualitativeinformation relating
to specifictypesof value sed19+22]for distinctionsbetweerdifferenttypesof value.ln con-
nectionwith climatechangeadaptationgualitativeinformation relatingto typesof valueis
sometimesmportant for actualplanningpurposesAs hasbeennotedin relatedfields,seefor
instancg23+24],it isimportant to know whethera statementhat somethinghasvalue(end
value) meanghatit is the phenomenorassuchthat hasvalueor whetherit is justanother
wayof sayingthat this phenomenoris ausefulmeango promotesomethingelsethathas
value(instrumentalvalue).

Thereis alsoaresearchmethodologicateasorfor makingthedistinction betweenvalueas
ameando somethingelseandvalueasanendin itself. Askingrespondent@aboutwhatthey
value without makingthis distinction, leadso asituationwherethe researcherdo not know
whetherthe answettheygetrepresentshe degreeat which the respondenvalueghe phenom-
enonitselfor whetherit representshe degreeatwhichtherespondenbelieveghatit isagood
wayof gettingsomethingelsethat (s)hevaluesilt is thereforeimportantto not justassume
thatavalueanswelfrom arespondentepresentsvhat(s)heultimatelyvaluesin orderto
understandvhathasvaluein itselfto arespondentit isthusnecessario ask"whydo you
valuethis phenomenon?'andif therespondenanswerdby pointing atits ability to promote
someotherphenomenorkeepaskinguntil therespondents no longerpreparedo motivate
hervaluationby pointing at someotherphenomenonin astudythatis aimedat understand-
ing valuesasultimate motivesand not at estimatingthe more or lesseducatedyuessesf the
respondentsegardingthe usefulnessf onephenomenorto promotesomeother phenome-
non, it isin factnot meaningfulto askrespondents$o gradetheir valueauntil the endvalueis
reached.

What doesit meanto saythat valuegelatedto culture,identity, community cohesiorand
sensef placearenot only important for humanwell-beingbut potentiallyarethe valuesnost
vulnerableto climatechangg4]? A straightforwardnterpretationwould bethatthosevalues
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areimportant to citizensandespeciallyulnerableo climatechangetfoinstancesincethey
arenot in focusof the authorities'climateadaptatiormeasuresindbecauséhe citizensthem-
selvedhavealow capacityto adaptthatis alow capacity'to preparefor andundertakeactions
to reduceadversémpacts,moderateharm, or exploitbeneficialopportunities'[25], p. 556.

Without makingany assumptionsboutthe groupingof valueswith respecto cul-
ture,identity, community cohesiorand sensef place herewetestthe following two
hypotheses:

1/ culture,identity, community cohesiorand sensef placearehighly valuedby citizens and
2/ valuegelatedto culture,identity, community cohesiorand sensef placearethevalues
mostvulnerableto climatechange.

More preciselywetestedthe following empiricalconsequencesf thetwo hypotheses:

1 a/ atleast50%of the locationscitizensconsiderto bethe mostimportant locationsin their
municipality arechoserbecaus¢heyrepresentaluegelatedto culture,identity, commu-
nity cohesiorandsensef place,

2 allocationsrepresentingzaluegelatedto culture,identity, community cohesiorandsense
of placehavea high probability of beingdamagedy climatechanganducedsedevelrise,
andby assuminghattheindividual'sperceptionof climatechangeisk is reflectedn hisor
her strengthof beliefin localeffectsof climatechangeandin havingexperiencedhe effects
of climatechangg8+9], thusaffectinghis or hervulnerabilityto climatechangeasauxil-
iary hypotheses:

2 b/ citizensfor which culture,identity, community cohesiorand sensef placeareparticu-
larly valuabldessstronglybelieven thelocaleffectof climatechangeand

2 ¢/ citizensfor which culture,identity, community cohesiorand sensef placeareparticu-
larly valuabldessstronglybelievethat theyhaveexperiencedhe effectf climatechange.

Theempiricalconsequencedf the hypothesesveretestedby elicitation of citizens'place-
basedraluesandrisk perceptiongrom climatechangeand comparisorwith amapof climate
changenducedsedevelrisebasedn an estimateof the future probability of flooding. The
approachto valuationappliedis basedn developmenti valuetheory[19+22],notablyby
distinguishingbetweerinstrumentalandendvalue Publicparticipationgeographiénforma-
tion systenmethodology(PPGISWwasusedto collectinformation on the respondentsvalua-
tion of themostimportantlocationin the municipality, seefor instanceg26]. The perception
of risk from climatechangewaselicitedfrom the responseto questionsaskingthe citizens
abouttheir beliefsaboutclimatechangeandits effectscf. [5, 8£9,27] Theresultswereusedto
correlatewith socio-demographigariablego enableestimationof the prevalencenddistri-
bution of valueprofilesandrisk perceptionin the population,andmodelrisk perceptionusing
valueprofilesandsocio-demographivariablesaspredictors.The usefulnessf theresultswas
discussedvith respecto democratigplanningin the faceof climatechange.

Materials and methods
Studyarea

Thestudywasconductedn Hégari municipality locatedin southernSweder(Fig 1).
Assumingthelocalaverageedevelin year2100is +85cm comparedo in 2009 the maxi-
mum sedevelwith areturn periodof 10yearshasbeenestimatedo +237cm comparedo the
localaverageedevelin 2009[28]. This estimates basen extremevaluestatisticsaappliedto
sedevelobservationsnadein Viken southof the regionalcentreHégari& during the period
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Fig 1. Assessmenbf the probability of flooding damageand residents mostimportant location with valueprofile. Thefloodingmapis basecbn amodel
simulationuntil year2100[28]. By "high probability of beingdamagedis meantareadloodedpermanentlyby the end of the 21stcenturyand by "low probability of
beingdamagedfs meantareadloodedatareturn period of 10yearshy theendof the 21stcentury.The probability of floodingin the remainingareass estimaedto be
lowerthanthat. Valueprofileswereidentified basedn databeforeimputation. Insertedmapshowsthelocationof the studyareain Sweden.

https://da.org/10.137 1§urnal.pon®210426.g0D

1976to 2013andtakinglocallandriseinto account.Therateof post-glacialandriseis lower
in southernSwederthanin other partsof Swederwhich makesthe coastn Hagar munici-
pality particularlyexposedo sedevelrise.A 10yearreturn periodcorrespondgo a
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probability of temporaryfloodingin 65%o0f the yearsovera10yearperiod. Theresultswere
distributedacrosgheterrain by useof adigital elevatiormodelof 2 m resolution(Fig 1). The
low-lying areasloseto the villageJonstorpandalongthe GarslBvs n creekareparticularly
proneto flooding from sedevelriseandthe cliff coastn thevicinity of Jonstorpis more sus-
ceptibleto erosionfrom sedevelrise,sedor instancg29], thanthe coastin thevicinity of
Héagarias [30].

Data collection

All ownersof 500randomlyselectegropertiesin eachof Hégaria (n = 615)and Jonstorp

(n = 695)andall 55ownersof propertyalongthe G&slBvs n creek(classifiecasbelongingto
Jonstorpn the analysesjFig 1) wereinvited by postalmail (with onereminder)to participate
in aweb-basedurvey(n = 1365in total) betweerl4October2014and 29 Decembef014.
Theinvitationswereaccompaniedby acoverletterexplainingthe objectiveof the studyand
the purposefor which the datacollectedvould beused Respondentseturnedthe question-
nairesvoluntarily. A total of 335persongespondedresponseate 25%)of which nine
declinedparticipation.Addresseso inviteeshad beenprovidedby Hégar municipality. The
surveyincludedquestiongo elicit place-baseudaluesyisk perceptionsaand socio-demographic
information andwasimplementedn the opensourceweb-surveyool LimeSurveyfor
instanceusingits PPGISunctionality [31] (Tablel) (S1Table).

Eachrecipientwasassigne codeto enablgargetedemindersto besentto thosewho did
not reply.To allowresearchert connecta particularanswelto a particularrespondentthe
file containingresponseseededo becross-tabulatedyvhich hasnot beendoneatanytime.
Theresearctadheredo the PersonaDataAct (SFSL998:204)No further approvalby the
RegionaEthicalReviewBoard(Etikpré&/ningsriannden)wasnecessaryyhich wasconfirmed
in writing by arepresentativef the Board.The studyis basedn personablatafor whichlegal
restrictionsfor accessinthe dataapply.The datais depositedat the SwedisHJniversity of
Agricultural Sciencesandacces$o themis regulatecby the PublicAccesdo Information and
ScrecyAct (SFS2009:400)Theresearchmaterialcanbeaccesseldy anyonewith alegitimate
interestin it. Requestshouldbeaddressetb the SwedishUniversityof Agricultural Sciences
viaregistrator@slu.se.

Typically,surveystudiesarenot designedo differentiatebetweerinstrumentalandend
valueswhich meanst is difficult, and sometimesmpossibleto know whatthe answergo
valuequestionsn surveysactuallytell us.In this study,aspeciakind of questionnairavas
usedto cometo termswith this problem.Eachinviteewasaskedo mark thelocation(placeor
area)within H&gari municipality mostimportant to him or herusinganinteractivemap.
Althoughanindividual'ssecondnostvaluabldocationmight bealmostasimportantto him
or her,byinviting manyindividualsto providetheir mostimportant locationasystematic
sampleof importantlocationsis collected Subsequerndn choosingthe mostimportantloca-
tion therespondentvasaskedjuestiongo elicit whatmakeshe locationimportant to him or
herthroughanswergo aserief questionsFollowingthe choiceof location,thefirst question
askedherespondento selecthe valueghat contributedthe mostto makingthelocation
importantto him or her. Thefollowing categoriefiadbeenmadeavailabléo choosdrom: i/
Goodplacefor bathing,ii/ Beautyjii/ Exerciseiv/ Nature,v/ Historical/Cultural/So@l, vi/
Economicandyvii/ Spiritual. To handlethe casevherealocationrepresentseveraéndvalues,
multiple categoriegup to 3) wereallowed For eachcategoryof valueschosenthe respondent
wasaskedvhy that categonyis important. For instancearespondentvho hadchoserthe cate-
gory"Beautytwould beaskedo selecup to threeof the following alternativepotentialmotiva-
tions:i/ Theplaceitselfis beautiful,ii/ Theviewis beautifuliii/ Thefloraisbeautiful,iv/ The
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Tablel. Questionsassessingespondent$perceptionsrelating to climate change and socio-demaraphic variablesand responses.

$
! #
1.Do youthink thatthe climateis changirg becausef W = 9254,
humaninducedclimatechangeo the extentthatit will p=0.031
affectyour environment ?(n = 296)
Yesdefinitely 50.0 34.5
Yes probably 32.0 42.1
| do not know 4.0 7.6
Probablynot 12.7 13.1
Definitely not 1.3 2.1
2.Did you experiencextremeweatheror thattheclimate W =12630,
haschangedn awaythatyouinterpretascausedy long- p=0.0090
term andglobalclimatechange?n = 296)
Yesdefinitely 22.7 20.7
Yes,probably 46.0 30.3
| do not know 12.7 16.6
Probablynot 16.0 26.9
Definitely not 2.0 5.5
3.In whatwaydid you experiencextremeweatheror Responsgto anopen
thatthe climatehaschangedn awaythatyouinterpretas | questionamongwhich
causedy long-tem andglobalclimatechange? arefound
(n=169)
Stormsurge 18.4 16.2 12=0.15,
p=0.84
Coastakrosion 20.4 36.5 12=5.65,
p=0.026
4.Whenwereyouborn?(n = 297) Rangel930+192 Rangel931+1982 t=6.01,
df =289.1,
p<0.00001
Mean1960 Mean1952
Median1962 Median1951
5.Whatis your genderZn = 297) 12=3.71,
p=0.063
Woman 54.7 43.4
Man 45.3 56.6
Other 0.0 0.0
6.Whatis your highes qualification?n = 291) 12=10.93,
p=0.025
Elementay school 6.0 13.1
High school 20.1 30.3
Vocationd training 22.0 18.6
(posthigh schoo)
Universty 47.3 33.1
Doctoralstudies 2.0 2.8
7.Wherein the municipality do youlive?(n = 326) 12=0.14,
p=0.72
Hégars 38.7 36.6
Jonstorpor along 61.3 63.4
GHrslBvs n creek
8.Do youlive (permaneitly) in the municipality? 12=0.051,
(n=295) p=0.87
Permanenty 86.0 86.9
( )
PLOS ONE | https://doi.org/10.1371/journal.pone.0210426 January 10, 2019 6/20
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Tablel. (Continued)

Spardime 14.0 131

Thetableis basedn raw databeforeimputation.
refersto whattherespondenperceiesashis or herenvironment.
questionaskedonly to thoseresponding'Yes probably'or "Yesdefinitely"to questionno. 2.

https://da.org/10.1371durnal.pon®210426.t001

landformsarebeautiful v/ The buildingsarebeautiful vi/ Thelandscap@f whichthelocation
isapartis beautiful. By choosinga certainmotivation,newquestionsveretriggeredunlesghe
chosemmotivation hadbeenpredefinedasan endvalue Hencethe questionsaskednadeup
oneor more chainsof questionswith eachchainleadingup to anendvalue(Fig 2). In total 57
differentpotentialendvaluesverepredefined S1Table). Thesehadbeenprovidedby the
authorsasexpertopinionson which valuesnight bethreatenedy floodingin theareain

Fig 2. Surveyinstrument logic for separatinginstrumental valuefrom endvalue.Thesurveyinstrumentusesachain
of questiondeadingfrom aninitial descriptionof why the choserocationisimportant to theresponden{START),
exemplifedin thefigureusing"Beauty, throughachainof instrumertal reasongINSTRUMENTAL VALUE) leadingup
to oneor moreendvalue§END VALUE). In total the surveyinstrumentusesseverstartdescriptos,50unique
instrumertal valuesand57 pre-definal endvaluegS1Table).

https://cbi.org/10.1371durnal.por.0210426.902
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question.Therespondentsvereaskedo ratethe valueof eachendvaluechoseron ascale
from 1through7. Themedianwasusedin casesvheremorethanonevaluewasassignedo
oneendvalue.

Dataanalysis

Respondentareknown to oftenusescale®f measuremerthat arenon-linearandthat differ
betweerindividualswhenrating valueq32]. In our studytheindividuals'valuationswvere
optimally scaledo maximizethe sumof the largestigenvaluef33], the numberof whichwas
determinedusingscreeplots. The optimally scaledransformationg>0) werethenusedto co-
clusterthe valuesandrespondents/locationgsingthe machine-learningechniqueof non-
negativematrix factorization(NMF), to identify clustersof valueitemsand showhowthe
respondentsvaluationswereloadedon theseasdescribedn [34] (S1land S2Figs)(S1Table).
To enableconsideratiorof differentvaluestrengthsthe respondentdoadingson the identi-
fied clustersof valueswvereusedto clusterrespondents/locationisito groupsrepresentinglif-
ferentvalueprofilesusingthe Affinity PropagatiorClusteringmethodology[35] (Fig 3) (S3
Fig). To handlemissingdatain modelling,the questionsvereusedasvariablego imputefive
completedatasetqn = 302)usingmaximumlikelihood methodology{36]. Conditionalran-
domforestmethodologyfor ordinal data[37] wasthenappliedto all five dataset$o estimate
theimportancein termsof the rankedprobability score[38] of valueprofilesand socio-demo-
graphicvariablesisedaspredictorsof the two beliefvariablestespectivelyThis modelling
methodologyaccountdor potentialcollinearitybetweerpredictorvariablesThe Student's-
testwasusedto testfor differencesetweergroupsdescribedy numericdata,Pearson's’*
testwith simulatedp valuewasusedto testfor differencedetweergroupsof categoricatlata
[39], Wilcoxon rank-sumtestwith continuity correctionwasusedto testfor differences
betweergroupsdescribedy dataat ordinal level,and Kendall'srank correlationtauwasused
to testfor correlationsinvolving dataat ordinal level. Averagdestresultswerecomputedover
theimputeddatasetsAll testswveretwo-tailedandmadeat = 0.05.All analysesverecon-
ductedusingthe R Projectfor StatisticalComputingpackages3.3.140], andin particularby
applyingthelibrariesAmeliall for multiple imputation [41], "APCluster'for Affinity Propaga-
tion Clustering[35], "Aspectfor optimal scaling[42], "party"for conditionalrandomforest
modeling[43], "vcd"for visualizingcategoricatlata[44], and"NMF" for nonnegativematrix
factorization[45].

Results

Type of valueprofiles

Valuesrelatedto culture,identity, community cohesiorand sensef placecontributeto all
valueprofilesidentified amongthe respondentexcept'My economy'(MEC). Theyrepresent
morethan 50%of the choserlocationsin this study(Fig 3) althoughthe valueprofiles"My life-
style"(MLS)and"Environment"(ENV) aredifferentfrom the othervalueprofilesandinclude
aspectsf "personalvell-being"and"identity" and"asensef place"respectivelyTable?).
"Environment"(ENV) is the singlevalueprofile characterizinghe largesnumberof locations
chosen23%)andis statisticallysignificantlymore commonamongrespondentsiving in Jon-
storpthanin Hegaris (12 =9.91n = 276,p = 0.0019)seeFigs1 and 3) (S4Fig). Thevalue
profile "Thelocalcommunity"(LCO) is statisticallysignificantlymore commonamong
respondentsavinglived for aperiodup to the medianof 23yearsn the municipality than
amongthosehavinglivedin the municipality for aperiodlongerthanthe median( 1? = 7.48,
n = 269,p-value= 0.0068)S5Fig).
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Fig 3. Value profiles in percentof locationschosenValueprofilesfor identified groupsarebasedn individual responents'prefereneloadings(S1Fig) on all value
clustersdentified (S2Fig). PLV = "Placevaluer" MLS = "My life style" ENV = "Environment", LCO = "Thelocalcommunity', BEA="Beauty'and MEC = "My
economy!'Barsrepresen®5%confidercebands By wayof examplethe heatmappshowdoadingson valueclusterdor the 39respondentsvith a"My lifestyle'(MLS)
valueprofile. Numbersl to 6 referto valueclustersl = "Focuson thelocalcommurity", 2 = "Aesthéics”,3 = "Personaéconomy"4 = "Theplaceassuch" 5 = "Active
andconscioudifestylechoices"and6 = "Natureandhealth"(S2Fig) (S2Table). Basedn databeforeimputation (n = 276).

https://da.org/10.1371durnal.pon®210426.9g08

Locationsaccordingto flooding areas

Twenty-ninepercentof thelocationschoserarecentredin areagproneto flooding by theend
of the 21stcenturyaccordingto the flooding model(Fig 1); 21%in areasf low probability
and8%in areaf high probability of flooding (Fig 4). Locationsrepresentinghe valueprofile
"Environment"(ENV) aresignificantlymore oftenfound in areaswith high probability of
flooding by the seaby the end of the 21stcenturythanlocationsrepresentedby othervalue
profiles(W =7993n = 276,p = 0.0066)andlocationsrepresentinghe valueprofiles"Place
valuer"(PLV) and"My economy'{MEC) combinedarestatisticallysignificantlylessoften
foundin areaswith high probability flooding by the seaby the end of the 21stcenturythan
locationsrepresentedby othervalueprofiles(W = 6176, = 276,p = 0.00034)Moreover,loca-
tions selectedby respondent$rom Jonstorparestatisticallysignificantlymore oftenfound in
areaf higherprobability of damageby climatechangdanducedsedevelrisethanlocations
selectedby respondentsrom Hagaris (seerig 1) (S6Fig).
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Table2. Value profile interpretation of respondents' loadingson valueprofiles.

%

Placevaluer
(PLV)

My lifestyle
(MLS)

Environment
(ENV)

Thelocal
community
(LCO)

Beauty(BB)

My economy
(MEC)

SeeS3Fig.

& « . ,
G " ( ) =+
C . (
This profileis stronglydominatedby the valuecluster*Theplaceas Sensef place
such"jndicatingthatthe answerghatfit this profile arestrictly
motivatedby aconcernfor the placeassuchindependently of whatit is
usedfor.

This profileis stronglydominatedby valuecluster'Activeand consciais | Identity/ Personalvellbeing
lifestylechoices,'indicating thatthe answerghatfit this profile are

stronglymotivated by activeand conscios decisiongegardng one's

own lifestyle This profile canthereforenot besaidto focuson cultureor

community.Insteadijt is clearlyfocusedon theindividual but not on

traditional material/ecolmic valuesinsteadit hasastrongfocuson

personaldentity andwell-being.

This profileis stronglydominatedby valuecluster'Nature andhealth” | Sensef place/Persnalwell-béng
whichfocuse®n both the naturein itselfand one'sown health.Concern

for naturein its ownright is oftenclassifieduindertheumbrellaterm as

concernfor the environment. The concernfor one'sown healthin

cluster"Nature and health"tendsto materialisén aconcernfor the

placeconstitutinga healthyenvironment.

This profile is stronglydominatedby the valuecluster"Focuson the Community cohesio
localcommurity" which hasto do with localvaluesncludingthelocal
economyandawishto livenup thelocalcommunity.

This profileis not stronglydominatedby anyvalueclusterbut the Culture
clusterthatis mostinfluentid is "Aesthetis",which focusestronglyon
aesthetics.

This profile is stronglydominatedby valuecluster'Personbeconomy | Econanic value
which hasto do with one'spersoral economy It thusfits wellinto the
traditional focuson economicvalues.

https://da.org/10.1371durnal.pon®210426.t002

Risk perceptionand expectedocal effects

Approximately4 out of 5 respondentansweredY esdefinitely"or "Yes probably'to the
question"Do youthink thatthe climateis changingbecausef humaninducedclimatechange
to the extentthatit will affectyour environment?(Tablel) (S7Fig).In amodelexplainingthe
responséo this question the numberof yeargherespondenhadlivedin the municipality is
themostimportant explanatoryariable(Fig 5) (S3Table).Theresultsalsoshowthat female
respondentandthosewith universityeducationmore stronglybelievethat theyhaveexperi-
encedthe effectf climatechangehan malerespondentandthosewithout universityeduca-
tion (Fig5) (S3Table).Respondentshoosinghe mostimportant locationbecausef the
valueprofile "Environment"(ENV) statisticallysignificantlymore stronglybelieven thelocal
effectof climatechangethan otherrespondentandrespondentghoosinghe mostimpor-
tantlocationbecausef the "Placevaluer“profile (PLV) statisticallysignificantlylessstrongly
believan thelocaleffectof climatechangehanthe otherrespondentgFig 5) (S3Table).

Risk perceptionand experienceof local effects

Approximately3 out of 5respondentansweredY esdefinitely"or "Yes probably'to the
question'Did you experiencextremeweatheror thatthe climatehaschangedn awaythat
youinterpretascausedy long-termandglobalclimatechange?(Tablel) (S8Fig).In a
modelexplainingthe responséo this questionthe numberof yeargherespondenhadlived
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Fig 4. Relationship betweenvalueprofile of locationsselectedand the probability of flooding damageThe
probabiity of floodingdamages takenaccordingto the floodingmodeldepictel in Fig 1. Thesizeof therespective
compartmat is proportionalto the numberof observabnsin therespectiveategoryPLV = "Placevaluer' MLS=
"My lifestyle" ENV = "Environmental" LCO = "Thelocalcommunity'; BEA= "Beauty"MEC = "My economy"Based
on raw databeforeimputation.

https://abi.org/10.1371durnal.por.0210426.g04

in the municipality is the mostimportant explanatorwariablewith thosehavinglivedin the
municipality for up to themedian23yearamore stronglybelievingthat theyhaveexperienced
the effectsf climatechangethanthosehavinglivedin the municipality for morethan 23years
(Fig5) (S3Table).Theresultsalsoshowthatrespondentdiving in Jonstorpthosewith univer-
sity educationandthoseliving in the municipality in their sparetime only, more strongly
believaehattheyhaveexperiencedhe effectf climatechangehanrespondentdiving in
Hé&gars, thosehavingno universityeducationandthoseliving in the municipality perma-
nentlydo (Fig 5) (S3Table).No statisticallysignificantassociatiomasfound betweerthe
strengthof beliefin havingexperiencedhe effectoof humaninducedclimatechangeand
valueprofile.

Amongrespondentsvho answeredYesdefinitely"or "Yes probably'to the question'Did
you experiencextremeweatheror thatthe climatehaschangedn awaythatyouinterpretas
causedy long-termandglobalclimatechange?']17%reportedhavingexperiencedlimate
changenducedstorm surgeand 27%reportedhavingexperiencedlimatechangeanduced
coastakrosion(S9Fig). Respondentbavinglivedin the municipality for aperiodlongerthan
23yeargmedian)statisticallysignificantlymore oftenreportedthat theyhaveexperiencedli-
matechangdanducedcoastakrosionthanthosehavinglivedin the municipality for aperiod
up to the mediandid (S9Fig). Theresultsalsoshowthatrespondentdiving in Jonstorpstatisti-
callysignificantlymore oftenreportedthat theyhaveexperiencedalimatechangenduced
coastakrosionthanthoseliving in Hegaridid (S10Fig).
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Fig 5. Modelsof risk perceptioncomponerts. Modelsof the strengthof beliefin localeffectf climatechange(sbCC)(Questionlin Tablel) (a)
andthe strengthof beliefin havingexperienedthe effectwof climatechanggsbEXPYQuestio 2in Tablel) (b). Thesizeof thecircularnodes
repregntsthe variableimportancein termsof therankedprobabiity scoreof statisticay significantpredictorvariable{S3Table).Thevalenceof the
correlation betweervariabless representedy + and-, respectivly. YEARSepresentshe numberof yeardivedin Hagari municipality,
UNIVERSITYuniversityeducation FEMALE the genderfemale PLV and ENV the "Placevaluer‘and"Environment" valueprofiles,respectivly,
JONSDRPresider of the villageJonstop or alongthe GErsl&/s n, and SPARETIME residentliving in the municipdity on their sparetime only
ratherthanpermanently

https:/Hoi.org/10.137/ournal.pon®210426.9g005

Discussion

Valuesrelatedto culture,identity, community cohesiorand sensef placehavesometimes
beendownplayedn climatechangediscourseHowever theyhavealsobeensuggestedot
only important for humanwell-beingbut potentiallythe valuesnostvulnerableto climate
changd4]. Wetestedfour empiricalconsequencegda,2a,2b,and2c) of thetwo hypotheses
1/ culture,identity, community cohesiorand sensef placearehighly valuedby citizensand
2/ valuegelatedto culture,identity, community cohesiorand sensef placearethevalues
mostvulnerableto climatechangeThis wasdoneby askingcitizensliving in H&garg munici-
pality, Swedenguestiongelatingto place-basedaluesandperceptionsn relationto climate
changenducedsedevelriseusinganewsurveyinstrumentandcomparingtheresultsto a
modelestimateof the future probability of flooding [28] (Fig 1). The surveyinstrumentusesa
newquestionnairestructurethat for thefirst time makest possibleéo separaténstrumental
valuedrom endvalueqFig 2). Theimportanceof separatingnstrumentalvaluefrom end
valueshasbeenadvocatece.g.by ThelntergovernmentaScience-PoliciPlatformon Biodiver-
sityand Ecosystenservice$24].

Most of theimportant locationschoserby the respondentén this studycanbecharacter-
isedasrepresenting/aluegelatedto culture,identity, community cohesiorand sensef place
(Fig 3) (Table2) andhencethe empiricalconsequencé a/ sayingthat at least50%of the loca-
tions citizensconsiderto bethe mostimportant locationsin their municipality arechosen
becaus¢heyrepresentalueselatedto culture,identity, community cohesiorand sensef
placewascorroboratedIndeed,only the valueprofile "My economy'(MEC) representindl2%
of therespondentss unrelatedto thesevalueqFig 3) (Table2). Thevalueprofile "Thelocal
community"(LCO) is morecommonamongthosewho havelivedin the municipality for a
periodup to the median(23yearsthanamongthosewho havelivedin the municipality for a
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periodlongerthanthe median23yearqS5Fig). Thisisin agreementvith thefindingsof a
studyon coastaPustraliancommunitieseventhoughin that studythe valuationschemaused
did not separaténstrumentalvaluedrom endvalueq44].

Valueelicitationis acomplicatedask,e.g [24]. Onefactorthattendsto complicatecom-
parisonds that differentauthorsusedifferentvalueclassificationsT he classificatiorusedby
Adger,O'Brienandcolleaguef?+4]is basedn categoriegculture,identity, community cohe-
sionandsensef place)thatdid not existin anyof the classificationslevelopedy Rokeach,
Schwartandothers,seg16] for alisting of the latter, that haveservedasakind of standard
for empiricalvaluestudies The negativeeffectson comparabilityhaveto beweighedagainst
thenewknowledgehat canbegainedthroughthe developmenbf newclassificationdyow-
ever,anddifferentclassificationsresometimesecessarfor differentquestionsThestan-
dardclassificationsiaveturned out to haveagreatexplanatorypower,but do not helpusin
thetaskathand.Adgerand O'Brien'sclassificatioj2+4]is clearlyusefulfor its purposeeven
thoughit makescomparisonswith older studiesmoredifficult.

Oneaspecbf the classificatiorby Adgerand O'Brien[2+4] that is potentiallyproblematic,
howeverjsits inability to distinguishbetweerinstrumentalvalueandendvalue ,or means
andendsseee.g [24], whichwedeemveryimportant for decisionsaboutclimatechangeadap-
tation. We havethereforechoserno makeuseof this distinction in our studywhile still using
Adger,O'Brien'sclassificatiorschemg2+4] for classifyingheresultingvalueprofiles.This
meansour classificationsrecomparabléhoughthedistinction betweermeansandendsin
addition makest possibl€for usto know for instancef achoserbeachocationis important
becausé providesopportunity to goswimmingor if thelocationhasvaluein its ownright. If
thelocationhasinstrumentalvaluefor swimmingandnot asendin itself,thenperhapsew
beachesanbecreatedasthe sedevelrisesthat will provideopportunity for swimming.On
theotherhand,if the beachocationis importantin its ownright, thenthatendvaluewill be
lostwhenthelocationis floodedby the seaMoreover,by repeatedlyaskingthe respondents
why their answelisimportant until anendis reachedaverydifferentanswercanresultcom-
paredto afterthefirst iteration. For examplesomerespondent$n our studyreportedto have
choserthe mostimportant locationbecausef its beautyin thefirst iteration andnot until
afterseveraiterationsit wasrevealedhatthe endvalueis relatedto the respondentgpersonal
economyand not the beautyassuch,perhapdrom earningaliving on touristsvisiting the
beautifullocation(Fig 2). This makest difficult to comparethe resultsof this studywith value
elicitationstudiesnot designedo accountfor the differencebetweerinstrumentalvaluesand
endvaluese.g.[46+48].

Locationsrepresentinghe valueprofile "My economy'{MEC) andthe valueprofile "Place
valuer"(PLV) areonly observedutsideof the areaf high probability of climatechange
induceddamagdrom sedevelriseaccordingto the flooding modelwe haveused(dark blue
areasn Fig 1) while locationsrepresenting Environment"(ENV) is the valueprofile thatis
themostoftenfoundin areaf high probability of damagdrom sedevelrise(Fig 1 andFig
4). Althoughthe valueprofile "My economy'{MEC) is the valueprofile moststronglyin con-
trastto valuegelatedto culture,identity, community cohesiorand sensef place the"Place
valuer"(PLV) valueprofile is clearlyrelatedto thesevaluesandthe valueprofile "Environment"
(ENV) isamix of materialvaluesandvaluegelatingto "asensef place'(Table2). Thismeans
thatalthoughthe valueprofilesrepresentingzalueselatedto culture,identity, community
cohesiorandsensef placearefrequenttheyarenot moreoftenfound in locationsof high
probability of flooding from sedevelrise.Hence wefind thatthe empiricalconsequence a/
sayingthatlocationsrepresentingraluegelatedto culture,identity, community cohesiorand
sensof placehaveahigh probability of beingdamagedy climatechangdanducedsedevel
risecouldnot becorroboratedlt appeargseasonabldjoweverto expectheresultto depend
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onthedamagedrigger.Indeed,Raymondand Brown[47] found that the spatialoverlapof elic-
ited place-baseditizenvaluesand modelledhigh probability of damagdrom climatechange
differsdependingon the damagerigger;bush-fire Jand erosion waveaction,or sea-levelise.

To theextentthat 2ais rejectedandweaccepthe auxiliaryassumptiongt buildson,
hypothesi hasto beabandonedisan explanationof the phenomenorwe study.It is how-
everstill possiblehatlocationsrepresentingzalueselatedto culture,identity, community
cohesiorand sensef placearemorevulnerablehanthoselocationsrelatedto othervaluesf
citizenswho valuelocationsfor the former reason$havelowerpreparednesto takeactionto
protecttheseplaces.

Positiveresponse®o the questions'Do youthink that the climateis changingbecausef
humaninducedclimatechangédo the extentthatit will affectyour environment?'(approxi-
mately4 out of 5 respondentsTablel) (S7Fig)and"Did you experiencextremeweatheror
thatthe climatehaschangedn awaythatyouinterpretascausedy long-termandglobalcli-
matechange?(approximately3 out of 5respondentsfTablel) (S8Fig)indicateaperception
of climatechangerisk andtherebya capacityto takemeasure$o adaptto climatechangg8+
11,27]Fewstudiesreport on climatechangebeliefsof citizensin coastacommunitiese.g.
[49+51].In arecentstudyconductedn the UK, anapproximatelysimilar fraction of respon-
dentsasin the presentstudyreportthattheybelieven thelocaleffectof climatechange
althoughin that studythe climatechangeeffectwasspecifiedo besedevelrise[52]. Therisk
perceptionappearshoweverlargelyunrelatedto the valueprofile (Fig 5) althoughstatistically
significantcorrelationsbetweerrespondentsepresentinghesevaluesverefound for those
who leaststrongly(valueprofile PLV) aswellasamongthosewho moststrongly(valueprofile
ENV) believen thelocaleffectof climatechanggS3Table).Hence wefind that2 b/ saying
that citizensfor which culture,identity, community cohesiorand sensef placeareparticu-
larly valuabldessstronglybelievein thelocaleffectsof climatechangecould not becorrobo-
rated(Fig 5). Becausthe experiencef climatechangeeffectsvasfound to beunrelatedto
valuegFig5) (S3Table)2 c/ sayingthat citizensfor which culture,identity, community cohe-
sionandsensef placeareparticularlyvaluabldessstronglybelievethat theyhaveexperienced
the effectf climatechangerespectivelycould not becorroboratedIn apreviousstudy,no
clearcorrelationbetweerclimatechangeisk perceptionandvalueprofileswasfound [53].
Bothresultssuggesthat cultural cognitionthinking, e.g.[54], havelimited explanatory
potential.

By askingpeopleto chooseéhe mostimportant locationin their municipality andto moti-
vatethe choiceprovidednewandusefulinformation for spatialplanning,including planning
of climatechangeadaptatiorand communication.For instance pasingclimatechangecom-
municationson the protectionagainsiocalriskshasbeensuggestetb improvethe effective-
nessof communicationg55]. Furthermore whetherabeachocationisimportantin its own
right or asaplaceto goswimmingmakesadifferencewhenprioritising and choosingadapta-
tion measuresThatvaluesmostoftenarenot critical driversof adaptationdecisionanakes
valueelicitationall the moreimportant for climatechangeadaptationplanningthataimsat
promoting and protectingthe citizensAraluesCorrelationwith socio-demographigariables
generateadditionalinformation evenif ahigherresponseatewould havebeendesirabldor
assessintpedistribution of important locationsandprevalencef valueprofilesin the popula-
tion in atruly representativavay.

Themostimportant locationschoserby respondentdiving in Jonstorparemore often
threatenedy sedevelrisethan thelocationschoserby respondentsiving in Hégari accord-
ing to the flooding modelwe haveused(Fig 1) (S6Fig). Many of the mostimportant locations
choserby therespondentsrefound in or in thevicinity of Hagarias and Jonstorpurbanised
areaswith Jonstorpto alargerextentthan Hégari beinglocatedin low-lying andflooding
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proneareagFig 1). Alsostatisticallysignificantlymore respondent$rom Jonstorpchosethe
mostimportant locationsbecausef the environmental(ENV) valueprofile (S4Fig) which
wasoftenfoundin areasf high probability of flooding damag€gFig 4). However thevulnera-
bility of the valuesy respondentsiving in Jonstorpis potentiallyreducedbecausef their
higherpreparednesto takemeasure$o adaptcomparecdo respondentsrom Hagars (Fig 5)
(S3Table).Thisis becauseespondentérom Jonstorpmoreoftenstronglybelievethatthey
haveexperiencedhe effectof climatechangeln particular,respondentférom Jonstorpmore
oftenreporthavingexperiencedalimatechangenducedcoastakrosion(S10Fig). This belief
isin agreementwith the coastlinan thevicinity of Jonstorpbeingmore susceptibléo under-
mining and coastakrosionbecausef ongoingsedevelrisethanthe coastlinan thevicinity
of Hagarias [28]. Finally, it is noteworthythat citizenswho havelived longerin the municipal-
ity and presumablyhavemore observationatiatato rely on significantlylessstronglybelieve
in thelocaleffectsof climatechangeand haveaweakerstrengthof beliefin havingexperienced
the effectof climatechangehanthe otherrespondentgFig 5) (S3Table).

Conclusions

A newmethodologyseparatingnstrumentalvaluesrom endvalueshasbeenpresentedthus
enablingelicitation of the true interestsof the respondentsUsingthe newmethodologywe
found thatvaluegelatedto culture,identity, community cohesiorand sensef placeare
importantto citizensin H&gar# municipality whichisin agreementith the straightforward
interpretationof the possibilitysuggestetly Adger,O'Brien,and colleaguef2+4]. However,
locationsrepresentinghesevaluesarenot more oftenfound in areaf high probability of
flooding from climatechangenducedsedevelriseaccordingto the floodingmodelwehave
used Alsowith respecto the preparednestm reducevulnerability,wefind thatrespondents
with valueprofilesreflectingvaluegelatedto culture,identity, community cohesiorandsense
of placearenot lesgpreparedo takemeasure$o adaptthan otherrespondentswWe conclude
thatalbeitfrequent,valueselatedto culture,identity, community cohesiorand sensef place
arenot thevaluesnostvulnerablego climatechangeThisin turn indicatesaneedto further
investigatehe vulnerabilityof thesevaluego climatechangepsingamethodologythat clearly
distinguishedetweerinstrumentalandendvalues.

Supporting information

S1Fig. Loadingson valueclustersestimatedfor valuations.Valuationsby respondents
(rows)acros200runsandsortedaccordingto the maximumvalueper respondentNumbers
1to 6 referto valueclustersl = "Focuson thelocalcommunity”,2 = "Aesthetics"3 = "Personal
economy"4 = "Theplaceassuch"5 = "Activeand consciousgifestylechoices"and6 = "Nature
andhealth"(S2Table).

(TIF)

S2Fig. Clustersidentified for optimally scaledvaluations.54endvaluesvereselectedy
therespondentamong57 predefinedendvaluegS3Table)acros200runs.Numbersl to 6
referto valueclustersl = "Focuson thelocalcommunity”,2 = "Aesthetics"3 = "Personaécon-
omy",4="Theplaceassuch"5 = "Activeandconscioudifestylechoices"and 6 = "Natureand
health"(seeS2Table).

(TIF)

S3Fig. Value profiles for identified groups.Groupsareidentified basedn individual
respondentspreferencdoadings(S1Fig) on all valueclusterdgdentified (S2Fig). Numbersl
to 6 referto valueclustersl = "Focuson the localcommunity",2 = "Aesthetics"3 = "Personal
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economy"4="Theplaceassuch"5 = "Activeandconscioudifestylechoices"and6 = "Nature
andhealth"(S2Table).Elaboratenterpretationsof the valueprofilesareprovidedin Table2.
(TIF)

S4Fig. Value profile by location. The sizeof the respectiveompartments proportionalto
thenumberof observationsn therespectiveategoryPLV = "Placevaluer" MLS = "My life
style" ENV = "Environmental"LCO = "Thelocalcommunity",BEA= "Beauty"MEC = "My
economy"Thegraphis basedn raw databeforeimputation (! = 12.96n = 276,p = 0.023).
(TIF)

S5Fig. Relationshipbetweenvalueprofile of locationschosenand for how long time the
respondenthaslived in Hégangs municipality. Thesizeof the respectiveompartmentis
proportionalto the numberof observationin the respectiveategoryPLV = "Placevaluer”,
MLS ="My life style" ENV = "Environmental"LCO = "Thelocalcommunity",BEA=
"Beauty"MEC = "My economy"Thegraphis basen raw databeforeimputation ( 1 =
11.90n =269,p = 0.035).

(TIF)

S6Fig. Relationshipbetweenwherethe respondentdive in the municipality and probabil-
ity of flooding becausef climate changeinduced sealevelrise. Thegraphis basedn raw
databeforeimputation (W = 10340n = 324,p = 0.00067).

(TIF)

S7Fig. Relationshipbetweenvalueprofile of locationsselectedand responsego the ques-
tion "Do you think that the climate is changingbecausef humaninduced climate change
to the extentthat it will affectyour environment?"1 refersto "Definitelynot™; 2 "Probably
not"; 3"l do not know";4"Yesprobably"and5 "Yesdefinitely".The sizeof therespective
compartmentis proportionalto the numberof observationén therespectiveategoryPLV =
"Placevaluer" MLS ="My life style" ENV = "Environmental"LCO = "Thelocalcommunity",
BEA="Beauty"MEC ="My economy".

(TIF)

S8Fig. Relationshipbetweenthe valueprofile of locationsselectedcand responsego the
question"Did you experienceextremeweatheror that the climate haschangedn away
that you interpret ascausecdy long-term and global climate change?'l refersto "Definitely
not™';2"Probablynot"; 3" do not know";4"Yesprobably"and5"Yesdefinitely".The sizeof
therespectiveompartmentis proportionalto the numberof observationsn therespective
categoryPLV = "Placevaluer' MLS ="My life style" ENV = "Environmental'L.CO="The
localcommunity”,BEA= "Beauty"MEC = "My economy".

(TIF)

S9Fig. Relationshipbetweenfor how long the respondenthaslived in the municipality

and reports of having experiencedstorm surge(a) and coastalerosion (b) becausef cli-
mate changerespectively Only responsefrom thoserespondentsvho answeredY es defi-
nitely” or "Yesprobably'to the question'Did you experiencextremeweatheror thatthe
climatehaschangedn awaythatyou interpretascausedy long-termandglobalclimate
change?Vereused(Tablel). Theis no statisticallysignificantdifferencebetweerrespondents
havinglivedin the municipality for morethan 23yeargmedian)or up to 23yearswith respect
to reportingto haveexperiencedlimatechangenducedstormsurge( 1°=3.51,n = 179,

p = 0.085)Respondentbavinglivedin the municipality for morethan 23yeargmedian)sta-
tisticallysignificantlymore oftenreportedthat theyhaveexperiencealimatechangenduced
coastakrosionthanthosehavinglivedin the municipality for aperiodup to the mediandid
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(1?=17.81n=177,p = 0.00002)BarsrepresenbbservationsBasewn raw databeforeimpu-
tation.
(TIF)

S10Fig. Relationshipbetweenwherethe respondentdive in the municipality andreports
of having experiencecdcoastalerosionbecausef climate change Only responsefrom those
who answeredYesdefinitely"or "Yes probably'to the question'Did you experiencextreme
weatheror that the climatehaschangedn awaythatyouinterpretascausedy longtermand
globalclimatechange?(Tablel). Respondenthving in Jonstorpstatisticallysignificantly
more oftenreportedthat theyhaveexperiencealimatechangenducedcoastakrosionthan
thoseliving in Hégarisdid ( 1?=17.81n = 179,p = 0.00007)Basedn raw databeforeimpu-
tation.

(TIF)

SlTable.Predefinedendvaluesand classification.Classificatioris madein relationto the
valuecategorie&ulture',‘identity’, ‘community cohesionand'senseof place’in [3], therange
observedmaximum 1+7)and medianscoreof valuesassignedy n respondentgtotal
n=276).

(PDF)

S2Table.Value clusterinterpretation.
(PDF)

S3Table. Statistically significant relationshipsamongvariablesin the modelsof risk per-
ception components.Thecomponentsarestrengthof beliefin localeffectsof climatechange
(Questionlin Tablel) andthe strengthof beliefin havingexperiencedhe effectof climate
changgQuestion2in Tablel).

(PDF)
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