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Individual adaptation measures are an important tool for households to reduce the negative consequences of oods. Although people's motivations to adopt such measures are widely studied in the literature, the diusion of adaptations within a given population is less well described. In this paper, we build a dynamic agent based model which simulates the adoption of individual adaptation measures and enables evaluation of the eciency of dierent communication policies. We run our model using an original dataset, based on a survey in France. We test the importance of dierent parameters of our model by implementing a global sensitivity analysis. We then compare the ranking and performance of dierent communication policies under dierent model settings. We show that in all settings, targeted policies that deal with both risk and coping possibilities, perform best in supporting individual adaptation. Moreover, we show that dierent dynamic parameters are of particular importance, namely the delay between the motivation to act and the implementation of the measure and the time during which households stick to a given adaptation measure.

1 Introduction ploods use mjor dmge nd disruptions worldwideF sn iuropeD etween IWVH nd PHIID )oods 'eted more thn SFS million people nd resulted in more thn P SHH ftlities nd over WH illion euros in eonomi losses @iieD PHIPAF sn prneD one resident out of four nd one jo out of three re exposed to )ood riskF fetween IWVV nd PHIQD )oods were responsile for round QH illion euros of dmge in prne @wihhiD PHIPDAF wny di'erent poliies exist to ddress this riskX struturl mesures @dykesD dmsA or nonEstruturl mesures @)ood retention sinsA my e estlished with the im of reE duing hzrdF xtionl ompenstion shemes nd privte insurne poliies n e used to help people to reover fter risis nd hene inrese resilieneF oning poliies my e designed with the im of reduing vulnerility @irdlenruh et lFD PHHWAD eFgF y enforing uilding restritions or the dpttion of uildings in risky resF emong the vulnerility reduing tionsD some redue the negtive onsequenes of )oods t the inE dividul levelF rouseholds n hooseD eFgF to use wterEresistnt mterils in their homesD or to store vlules upstirsF pollowing flno et lF @PHIUAD we term suh tions 4inE dividul dpttion mesures4 s opposed to olletive mitigtion mesuresD whih redue the proility of group lossF isks re redued more e'etively if dpttions t di'erent sles re omined @edger et lFD PHHSD piltovD PHIRAF his my e the se when governments set up informtion poliies or prie signls for privte stkeholders or when they support mrket sed instruE ments @piltovD PHIRAF sn this pperD we fous on how individul dpttion mesures n e promoted y puli ommunition poliiesF o situte our pproh with respet to the risk governne model @even nd ennD PHIHD sqgD PHHSAD we ssume tht risk pprisl nd onern ssessment s well s risk hrteristion nd tolerility ssessE ment re rried out t the individul levelF hi'erent ommunition poliies representing di'erent regultory styles re implemented y the risk mngement institutionsD eFgF lol wter sin mnger or the ntionl ministry of the environmentF ome individul dpttion mesures hve een shown to e prtiulrly ost e0ientD reduing the rtio of totl dmge to totl uilding vlues y nerly hlf @see ureiih et lF @PHHSA for study in qermnyD oussin et lF @PHISA for study in prneD nd fotzen et lF @PHHWA for study in the xetherlndsAF wny other dvntges of individul dpttion re disussed in the litertureD mong whih the ft tht they my help to mintin wreness out )ood risk mong people @ihert et lFD PHIUAF elthough the resons to dopt individul dpttion mesures re reltively well overed in the litertureD little is known out the dynmi spets of dpttionX how long do people stik to hosen mesurec yne people hve the intention to dptD how quikly do they implement the mesurec et more ggregted levelX how rpidly do dpttion mesures expnd within popultionc yur min reserh question in this pper is thusX how importnt re the dynmi spets of the doption of individul dpttion mesures nd how do they in)uene the preditions out the e'etiveness of puli poliies supporting individul dpttionc o nswer this questionD we uilt n empirilly sed dynmi simultion model of the doption of individul dpttion mesuresF o study the driving fores of the doption of individul dpttion mesuresD mny studies hve used the protetion motivtion theory @wA euse it fouses on two omplemenE try elements of risk pereptionD thret pprisl nd oping pprislF he theory ws proposed y ogers @IWUSA nd originlly pplied in the helth domin @see wilne et lF @PHHHA for metnlysisAF pollowing qrothmnn nd eusswig @PHHTAD the frmework ws extended to explin the doption of individul dpttion mesures ginst )oodsF euthors in vrious ountries hve used this pprohD eFgF in qermny @fuek et lFD PHIQD qrothmnn nd eusswigD PHHTAD qret fritn @qlenk nd pisherD PHIHAD ietnm @eynud et lFD PHIQAD nd prne @oussin et lFD PHIRD ihert et lFD PHIUAF imilrlyD this pproh hs een used to explin the doption of individul dpttion in the fe of drought events @vn huinen et lFD PHIRD vn huinen et lFD PHISAF his is the frmework we use in the followingF everl studies hve drwn ttention to the ft tht risk pereptions nd dption eE hviour should e modelled in dynmi setting @fuek et lFD PHIPDAF por exmpleD risk pereption stisftorily explins the intention to dopt individul dpttion meE sures ut not neessrily the presene of suh mesuresD euse there ould e feedk e'etD whih dereses risk pereptions one the mesures re dopted @fuek et lFD PHIPD ihert et lFD PHIUAF yn the other hndD households my deide to ndon meE sures if no )ood ours for whileD s the experiene of )ood events is n importnt element in explining pst implementtion of individul dpttion mesures @yserghusD PHIUAF hespite these resultsD longitudinl dt on dpttion ehviour re sre nd time onE suming to ollet @yserghusD PHIUAF yne wy to investigte the dynmis of dpttion despite this missing dt is to use simultion modelsD suh s gent sed modelsF egent sed models @efwA mke it possile to test hypotheses onerning the reltionship etween individul ehviours nd mrosopi regulrities @ipstein nd extellD IWWTAD for instne the rte of dpttion in popultion s the outome of mny individul dpttion deisionsF efws n lso e used to explore non equilirium dynmis @ipstein nd extellD IWWTA nd to test the importne of sets of prmeters for whih empiril dt re missingF st is thus n interesting tool to test hnges in rtes of dpttion in the popultion s funtion of di'erent dynmi prmeters of individul dpttionF pinllyD efws n e esily omined with sptil models nd n onsequently represent the networks nd intertions mong individuls whih re ruil in soil systemsF sn this pperD we onsider typil soil networkD exhiiting the smllEworld hrteristisD whih hve een shown to exist in mny soil intertions @tts nd trogtzD IWWVAF egent sed models hve lredy een pplied to )ood risk mngementF hwson et lF @PHIIA for exmple uilt )oodEinidene model whih mimis the shortEterm retion of individuls during )oodD pplied to the ostl town of owynD uF piltov @PHISAD piltov et lF @PHIIA nd hueloer et lF @PHIUA modelled the longEterm e'et of )ood risk on the housing mrketF yther studies showed the in)uene of di'erent ehviourl ssumptions on hnges in lndEuse or in investment deisionsX for exmpleD piltov et lF @PHIIA show how skewed risk pereption distriution leds to more high vlued development in risky ostl zonesF rer et lF @PHITA investigted three eonomi deision models for investments in lossEreduing mesures in the ontext of river )oodingF pinllyD rer et lF @PHITA nd vn huinen et lF @PHITA omined protetion motivtion theory nd gent sed models of dpttion di'usionD pplied to drought risks in vn huinen et lF @PHITA nd )ood risk in rer et lF @PHITAF he model uilt y rer et lF @PHITA is losest to oursF hey tested the e'etiveness of four di'erent )oodEommunition poliies in promoting individul dpttion mesures in the huth otterdmEijnmond reF isk ommunition n e top down or people enteredD iFeF tilored to the spei( needs of n individulF yne exmple of top down poliies is when governments ommunite out risk zoningF yne exmple of people entered poliies is when experts dvise homeowners how to mke their home )oodEproofF he informtion provided in these ommunition mpigns n del with the ourrene nd onsequenes of )ood risk or it n desrie tions nd mesures tht people n use to ope with the riskF yne ould for exmple imgine photo exhiition showing pst events to desrie the risk nd dvise on how to ehve in the se of risis to desrie how to ope with di'erent types of riskF rer et lF @PHITA show tht polies perform est if the informtion is people entered nd if it dels with oth the risk nd oping with riskF yur model di'ers from their model in three min wysX (rstD wheres rer et lF @PHITA onstrut n rti(il soiety sed on dt found in fuek et lF @PHIQAD we use our own dtset nd only model households on whih we hve detiled informtionF eondD rer et lF @PHITA onstrut soil network sed on the hrteristis of networks in the xetherlndsD we onstrut sptilly expliit smllEworld network on the sis of our dtF hirdD nd most importntlyD we dpt our model to e le to represent two importnt dynmi feturesX the verge dely of implementtion of the mesure nd the verge dpttion durtionF e nlyse the importne of the di'erent prmeters of our model y ompring it to similr ggregte model nd y performing glol sensitivity nlysisF e then investigte the impts of the four ommunition poliies in this modelD onsidering di'erent dynmi dpttion on(gurtionsF sn prtiulrD we show tht the dely of implementtion is the most in)uentil prmeterD next to the durtion of individul dpttion mesuresF he pper is orgnized s followsX sn setion PD we desrie the survey nd the empiril dt we useF sn setion QD we present our empiril deision modelX we (rst desrie how protetion motivtion n e represented s the proility to dopt dpttion mesures nd we then present the results of estimting this proility from the underlying dtsetF sn setion RD we desrie the model of dpttion di'usionD with speil emphsis on the onstrution of the soil network nd the dynmi prmetersF e lso ompre the individul sed model to n ggregte model to gin some dditionl insights into the dynmis modelled nd to demonstrte the interest of individulEsed modelling in this spei( seF sn setion SD we present the experimentl pln of our simultionsF sn setion TD we present the resultsX (rst we ssess the importne of di'erent prmeters of our modelD y ompring it to the ggregte model nd y implementing sensitivity nlysisF e then oserve how di'erent model on(gurtions 'et the rnking nd e0ieny of the four ommunition poliiesF his llows us to represent the di'usion of individul dpttion mesures under di'erent dynmi settingsF pinllyD in setion U we present our onlusionsF pigure I summrizes the min steps of our workF yur dt is sed on survey of QQI households in the eude nd the r deprtments in the outh of prneD onduted in summer PHISF he distriution of the surveyed households nd their lotion in the )oodplins re shown in the mps in pigure PF ell the smpled muniiplities were hit y importnt )oods in the yers preeding the surveyX in the r deprtment in PHIHD PHIID PHIQ nd PHIRD nd in the eude deprtment in IWWW nd PHIRF ome muniiplities re )ooded regulrly while others were hit only y mjor )oodsD nmely in the eude deprtement in IWWW nd in the r deprtment in PHIHF he mjority of the respondents live in )oodEprone resX VH% of the respondents hd lredy experiened )oodD s de(ned in the survey y 4the )ood rehed your street4F eout hlf of the respondents live in ig muniiplitiesD the other hlf in rurl muniiplitiesF sn the surveyD we lso olleted informtion on lotion of the households in the )ood prone resD the hrteristis of their homesD their risk pereptions nd their ehviour during )ood nd in preprtion of future )oodsF por more detils on the surveyD see ihert et lF @PHIUAF he ttriute vriles used in our model re listed in le QD see lso ihert et lF @PHIUA for more detiled desriptionF ell ttitude vriles were resled etween I nd SF he vrileD 4ellEeing in muniiplity4 whih is mesured s 4ho you feel well in your muniiplityc @4xot well t llEI4D 4xot relly wellEP4D 4xeither well nor not wellEQ4D 4ellER4D 4ery wellE S4A is inluded s proxy for 4pereived ene(ts of living in )ood prone re4F sndeedD in the protetion motivtion theoryD pereived ene(ts n temper the thret pprislF he vrile 4pereived osts4 is mesured through the proxyX 4por eh mesure listedD prom I @4impossile4A to S @4ertin4A ereived onsequenes QFRU @IFRHA 4sn the se of )oodingD how do you ssess the following senrioX 9the wter will reh your street9 c 4 prom I @4impossile4A to S @4ertin4A ereived self e0y PFSH @IFIHA 4o wht extent do you gree with the following sttementX 9s do not elieve tht s m le to void the onsequenes of )oods in my householdF s hve no ontrol over suh eventsF9 c4
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prom I @4strongly gree4A to S @4strongly disgree4A ereived e0y of mesure QFSU @HFVTA 4por eh mesure listed elowD how e'etive do you think it will e in preventing the negtive onsequenes of )oodsc4

prom I @4not t ll e'etive4A to S @4very e'etive4A st )ood experiene pprisl PFSW @IFRHA 4row do you ssess the seriousness of the onsequenes of the referene )ood for your householdc4 prom I @4not or for people who hve not experiened )oodA to S @4extremely serious4A ereived ene(ts RFQH @HFUWA 4row well do you feel in your muniiplityc4 prom I @4not well t ll4A to S @4very well4A ereived osts PFWR @IFQSA 4por eh mesure listed its use nd its mintenne re they onstriningc4 prom I @4not t ll4A to S @4extremely serious4A N=272 le QX ummry of w dtX vrile nme orresponding to household ttriuteD men vlue nd stndrd devition in the smpleD question used in the questionnireD possile vlues for eh ttriuteF Social network and adaptation status por the soil network vrileD we reted vrile tht ounts the numer of dpted neighoursF e distriuted the interviewed individuls ording to their geogrphi lotion nd reted direted network of the IS nerest neighours @see setion RAF gonsidering group of I to PH people when deiding on )ood dption mesures seemed good ssumption to us @see lso rer et lF @PHITAAF he oil xetwork vrile vries from I @4no dpted neighour4A to S @4only dpted neighours4A with men of PFSR nd stndrd devition of HFVPF o de(ne the initil dpttion sttus of our networkD we used the following informtionX sn our smple of PUP individulsD IVQ individuls hve t lest one nonEpermnent dpttion mesure in their homeF rene TU% of the households re dpted in some wyF roweverD some of these dpttions my hve lredy een present when the fmily moved inF sndeedD only TT individulsD or PR%D stte tht they implemented the mesure themselvesF sn the followingD we onsider tht the initil dpttion sttus is TU%F e ntiipte tht dpttion trjetories will derese in the eginningD s some of the households hd not hosen to implement the dpttion mesures nd my not e motivted to do soF 3 The empirical decision model

Explaining protection motivation in an econometric model

The general setup of the model he empiril deision model is sed on the proE tetion motivtion theory y ogers @IWUSAF rouseholds9 or individuls9 dpttion eE hviour1 is explined y severl vrilesD s shown in pigure Q @lue retngles from top to ottomAX pirstD individuls my evlute the experiene of pst )ood events di'erentlyF eondlyD they pereive the thret of )ooding di'erentlyX the proility nd onsequenes of future events s well s potentil ene(ts of living in risky resF hirdlyD they pprise their oping pity di'erentlyX the e0y of dpttion mesures nd their own e0E y when dptingD s well s the pereived osts of implementtionF pinllyD they re prt of soil networks in whih vrying numers of other memers hve dptedD whih my in)uene their own ehviourF he impt of eh vrile on protetion motivtion n e positive @represented y green rrowsD with plus signA whih mens the higher the vlue of the vrileD the greter the response vrileD or negtive @represented y red rrowsD with negtive signAD whih mens the higher the vlue of the vrileD the lower the response vrileF por exmpleX the greter the pereption of the proility of ourrene of )oodD the greter the motivtion to tF xext to the protetion motiE vtionD these vriles n lso explin nonEprotetive responsesD suh s wishful thinking nd denilF por exmpleD high oping pprisl will redue nonEprotetive responses whih in turn inreses protetion motivtionF rere we represent the most ommon links desried in the literture @ihert et lFD PHIUAF o keep the grph intelligileD we do not inlude feedk e'etsD whih my existX eFgF the doption of dpttion mesures my in turn led to lower thret pprislD see @ihert et lFD PHIUAF ih of these vrilesD or ttriutesD is mesured through ttriute levels @see le QAD whih n e interpreted s individul ttitudesF rotetion motivtion my e trnsformed into the implementtion of dpttion mesuresF roweverD tul rriersD suh s high implementtion osts or dministrtive prolemsD n impede the tionF The econometric model he motivtion to tke protetive responses n e mesured eonometrilly y estimting the proility to dopt dpttion mesures s funE tion of the explntory vrilesF he proility to dopt dpttion mesures for eh householdD P h n e written s funtion of the household9s ttriute levels nd the odds rtios for implementtionX

P h = CΠ I i=1 or a i,h i CΠ I i=1 or a i,h i + 1 , @IA
where i is the ttriutesD I is the full set of ttriutesD or i is the odds rtio for eh ttriute s omputed in logisti regressionD C is the onstnt of the logisti regression nd a i,h re eh ttriute9s levelF ettriute levels re household spei( nd n e interpreted s household9s ttitudesF he odds for some event expresses the likelihood tht the event will tke ple divided y the likelihood tht it will notF sn the logisti regressionD the odds rtio indites the hnge in odds of the explntory vrile for unit hnge in the dependent vrileF2 

Communication policies e lso onsider the possiility of ommunition poliies @see leftEhnd side of pigure QAF pollowing rer et lF @PHITAD ommunition strtegies on )ood risk n tke four formsX top down poliies on risk @4tdEr4AD top down poliies on risk nd oping @4tdEr4AD people entered poliies on risk @4pEr4A nd people entered poliies on risk nd oping @4pEr4AF op down poliies on risk @4tdEr4A inrese the ttriute level of oth pereived proility nd pereived onsequenes y two units ehD for ll individuls who re rehed y the poliyF op down poliies on risk nd oping @tdErA inrese the ttriute level of four vrilesX pereived proility nd pereived onsequenes s well s the pereived e0y of the mesure nd pereived selfEe0yD y one unit ehF vike in rer et lF @PHITAD we ssume tht the mgnitude of hnge in ttitude is the sme for the two ommunition strtegiesF ynly the wy in whih ttitude is hnged di'ersF his mkes the poliies omprleF eople entered ommunition poliies funtion in similr wyD inresing the ttriute levels of either risk or risk nd oping vriles y t most R pointsF roweverD they (rst trget the vriles whih hve the lowest ttriute levels nd hene the most need to e inresedF sf n individul lredy hs the mximum possile ttriute levelD the poliy hs no dditionl imptF ell households hve omined proility p to e trgeted y ommunition poliy nd to tke into the informtion otined into onsidertionF pollowing rer et lF @PHITAD we hose p = 0.16F 3.2 Estimation of odds ratios describing the probability to adopt e run logisti regression of n individul9s intention to implement nonEpermnent dpE ttion mesures on the household9s ttriutes listed in le QF le R summrizes the regression results nd lists the orresponding odds rtiosD with WS% on(dene intervlsF3 le RX vogisti regression explining plnned nonEpermnent mesures with vriles from the rotetion wotivtion heory nd the soil network vrileF

Logit estimation

Odds ratio Variable WS7 on(dene intervls goe0ient td irrF vower ydds rtio pper ereived proility HFHU @0.17 A @HFUVA IFHV @IFRWA ereived onsequenes HFTIBBB @0.17 A @IFQPA IFVQ @PFSRA ereived selfEe0y HFPP @0.16 A @HFWPA IFPR @IFTWA ereived e0y of mesure HFHQ @0.21 A @HFTVA IFHQ @IFSTA epprisl of pst )ood experiene HFRIBBB @0.13 A @IFITA IFSI @IFWTA ereived ene(ts HFSQBB @0.24 A @IFHUA IFUH @PFUIA ereived osts HFHT @0.13 A @HFVPA IFHT @IFQVA oil xetwork HFRQBB @0.21 A @IFHIA IFSR @PFQRA snterept EWFPWBBB @1.84 A @HFHHA HFHH @HFHHA Nagelkerke R 2 sn the followingD we uild stti soil network tht tkes into ount the sptil disE triution of our dtF he network vrile plys prtiulr role in our individul sed modelF sn theoryD the higher the proportion of neighours in the household9s network who hve dptedD the higher its ttriute level for the soil network vrileF glerlyD this vrile will depend gretly on two ftorsX the type of network under onsidertion nd the numer of neighours onsideredF e test the impt of these two ftors in the folE lowing setionF es referene seD we use network with the 4smllEworld4 properties of humn soil networksF sn their seminl pper on smllEworld networksD tts nd trogtz @IWWVA desrie the small-worldness of networks s omintion of oth high lustering oe0ientD CD nd low pth lengthD LD @reltive to regulr network with the sme men degreeAF vet us desrie the steps of the onstrution of this soil networkF e (rst uild network from the sptil distriution of our dt y linking eh node with its n nerest neighours nd rndomly dding links etween isolted lusters in order to get losed networkF es desried in the dt setionD we hose n = 15F prom this networkD whih hs high lustering oe0ient nd high men pth lengthD we dopt the rewiring method used y tts nd trogtz @IWWVA to otin the hrteristis of smll worldF xmelyD eh link hs proility of p r to e removed nd repled y nother rndomly hosen linkF he rewired network hs lower men pth length nd higher lustering oe0ient thn the originl networkF sn this proedureD CD dereses less rpidly thn LF e repet this rewiring proess for vrious proility vluesD p r from HFHHI to ID in order to hoose rewiring proilityD nd n ssoited rewired networkD for whih the lustering oe0ient @CA is still high nd the verge pth length @LA is lredy lowF pigure R presents ll the proilities tested nd ssoited vlues otined for C nd L reltive to regulr networks with the sme degreeF pinllyD we hose the network otined for p r = 0.015 identi(ed y the red vertil line in pigure RF pigure S shows the network otined y linking eh households to the IS geogrphilly losest households surveyed @on the leftA nd the network otined fter rewiring nd used for the simultions @on the rightAF II pigure RX glustering oe0ientD gD nd verge pth lengthD vD of the network s funtion of rewiring proility ording to the proedure proposed y tts nd trogtz IWWVF pigure SX xetwork of losest households omputed from household lotions @on the leftA nd network of households9 quintnes otined fter rewiring nd used in the simuE ltions @on the rightAF he positions of the points in the grphs re optimized for etter visuliztion of the networks @minimum rossing etween edgesD etFA nd not relted to the geogrphil positions of the householdsF sn order to etter ount for the dynmi nture of the dpttion proessD we integrte the following spets in the modelF

The time from motivation to action pirstD it should e relled tht P h is the proility tht n individul is motivted to dopt n dpttion mesureF feuse we do not know when motivted individuls will trnsform this motivtion into tionD we onsider tht motivted individul will relly e dpted fter n verge of N onseutive yers during whih he or she is motivted to dptF husD the proility tht motivted individul will dpt eh yer isX P s = 1 N F

The duration of adaptation edpttion mesures my e nonEpermnentF rouseholds my forget to implement the mesuresD eFgF no longer storing vlules upstirsD or the mesure itself my filD eFgF sewer nonEreturn vlves my geF sn this pperD we only model nonEpermnent dpttionF e onsider tht on vergeD dpttion durtion is b yersF reneD on vergeD the proility tht n dpted individul will ndon dpttion is 1/bF Adoption and abandoning of measures edpttion tkes ple if rndomly drwn vlue etween H nd I is smller thn the household9s proility of dopting dpttion mesuresD P h F ome households tht were previously dpted my deide to ndon their dpttion mesuresF sf they do soD they reset the ttriute level of the pereived proility vrile to zeroF

The general scheduling of the model he generl sheduling of the model is s folE lowsX every yerD households deide in rndom order whether or not to dopt n individul dpttion mesureF xextD some households my e rehed y yerly ommunition poliy whih inreses severl of their ttitude vrilesD depending on the poliyF pinllyD ll households updte their ttriute levels euse they oserve their soil network nd updte their ttitude s funtion of the numer of dpted neighours in the networkF 4.2 The corresponding aggregate model e similr ggregte model of dpttion di'usion n e written s followsF gll x(t) the perentge of dpted households nd let t e timeF e hveX

x(t + 1) -x(t) = 1 N P h (1 -x(t)) - 1 b x(t), @PA
where N is the verge dely of implementtion of the mesureD iFeF the time to trnsform motivtion into tionD nd b the verge dpttion durtionD iFeF the time households stik to given mesureF eginD P h is derived from the logisti regression nd the proE ility of doption is omputed s in eqution @IAD exept tht ttriute levels re no longer household spei(D a i,h ut for exmple tken t the menX a i = a i, hD heneX

P h = CΠ I i=1 or a i i CΠ I i=1 or a i i + 1 . @QA
he ggregte model represents the verge dynmis of the individul sed model when ll gents re homogenous nd in sene of ny sptil orreltionsF hen the soil network is presentD we hve to ount for the ft tht the soil network vrile depends on the perentge of dpted householdsD whih is the stte vrileF e hveX QF gommunition poliiesX we tested the impt of four ommunition poliiesD top down on risk @4tdEr4AD top down on risk nd oping @4tdEr4AD people entered on risk @4pEr4A nd people entered on risk nd oping @4pEr4AD s well s the se of no ommunition @noEomAF es desried in setion QD eh ommunition poliy inreses the ttriute levels on risk or risk nd oping y t most R pointsD with mximum of SF RF oil networkX we onsider the smllEworld network desried in setion R oveD nd the se without soil networkF o test the impt of the soil network vrileD we lso perform dditionl simultions with network of losest neighors nd rndomly generted networkF xext to the network degree n = 15D we lso test the degrees n = 5 nd n = 10F SF w dt sets nd initil onditionsX we onsider two di'erent sets of dt with their ssoited initil onditionsF pirstD we use our dtsetD whih is sed on n empiril survey in prneF he initil onditions in our model re derived from our dtsetF eondD we test the dt desried in fuek et lF @PHIQAD fousing on the mesures lled 4dptive uilding use4F he orresponding odds rtios n e found in fuek et lF @PHIQA nd rer et lF @PHITAF snitil onditions for fuek et lF9s dt re in prt rndomizedD following the pplition y rer et lF @PHITAF IR 
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100% confidence 80% confidence pigure UX edpttion trjetories for the ggregte model @lk lineA nd the individul sed model t the men @red lineAD with no soil networkD ll other prmeter vlues s in seline se F hespite the di'erene etween sptilly expliit nd nonEexpliit modellingD the ggregte model n help to gin some insights into the dynmis of our modelF por exmpleD in the seline seD we n explore how dpttion levels hnge when the prmeter vlue bD the dpttion durtionD hngesD s shown on the left in pigure WF ith high vlues of bD the dpttion trjetories inreseF woreoverD the greter bD the higher the proportion sn order to gin etter understnding of the reltive impt of the di'erent prmeters of our distriuted modelD we rn glol sensitivity nlysis of the individul sed modelF pigure IH shows the vlues of the (rst order ool indies omputed for the modlities nd prmeters of the glol experimentl pln presented in setion SF he outome vrile is the proportion of dpted households in the popultion fter IS yersF e n see tht the prmeters relted to the dynmisD N nd bD hve greter impt on the result thn the other prmetersD the network on(gurtionD the ommunition poliies or the dt of the w vrilesF he stohsti e'et ours euse some prmeter vlues re hosen rndomly in the simultionsF yne explntion for the strong impt of these vriles is tht we onsider rther high unertinties for the dynmi prmetersD vrying y ftor of IHF4 pigure IP shows the hnges in the dpttion levels over QH yers in the seline seX the red line represents the no ommunition seD in whih dpttion levels derese over the whole time horizon until they reh level elow SH%F sn the presene of ommunition poliies @lueD rownD green nd purple linesAD dpttion levels egin to inrese fter some steps nd reh verge levels of etween TS% nd VH%F es depited in pigure IPD the trjetory ssoited with the top down poliy on risk nd oping @4tdEr4 poliyA rosses the trjetory ssoited with the top down poliy on risk @4tdEr4 poliyA nd then rosses the trjetory ssoited with the people entred poliy on risk @4pEr4 poliyAF prom this point onD we oserve thtD on vergeD dpttion levels fter 4pEr4 poliies @people entred poliies on risk nd opingA re higher thn dpttion levels fter 4pEr4 poliies @people entred poliies on riskA nd dpttion levels fter 4tdEr4 poliies @top down poliies on risk nd opingA re greter thn dpttion levels fter 4tdEr4 poliies @top down poliies on riskAF reneD risk nd oping @4r4A poliies outperform risk @4r4A poliiesF o illustrte the di'erent outomes in more detil nd to test whether men dpttion rtes di'er signi(ntly from eh otherD we hose to fous on two prtiulr time steps @yersA whih we will use s exmples in the following setionsF e hoose yer IS s it is long enough from the initilistion to see di pigure IPX roportion of dpted households under ommunition poliies in the seline seD evolution over time horizon of QH yersF ime step IS ime step PS oliy senrio men @sdA men @sdA no ommunition @noomA HFSI @HFHQA HFRV @HFHQA top down on risk @tdrA HFTV @HFHQA HFUI @HFHQA top down on risk nd oping @tdrA HFTW @HFHQA HFUR @HFHQA people entred on risk @prA HFTV @HFHQA HFUI @HFHQA people entred on risk nd oping @prA HFUH @HFHQA HFUT @HFHQA le SX wen dpttion levels nd stndrd devitions @in rketsA in the seline se t time steps IS nd PSF

The importance of the psychological datasets

Using data from the literature o ssess the reltive importne of the dtset exE plining households9 pereptions nd motivtionsD we rn the model using dtset from the litertureF fuek et lF @PHIQA onduted survey of USP )ood prone households long the iver hine in qermnyF fsed on the w frmeworkD they explined households9 deision to tke preutionry mesuresF his dt ws lredy used to ssess the dpE ttion ehviour of huth households in rer et lF @PHITAF e use it in the following s omprison to our dtF sn prtiulrD we tke the oddsErtios explining the doption of dpted uilding useD whih re non permnent dpttion mesuresF e dopt the initil onditions nd setups proposed y rer et lF @PHITAF xote tht we hnge no other ssumptions in the modelD neither the institutionl setting nor elements relted to the hzrdD whih ould e n interesting ssumption in further reserhF pigure IQ shows the evolution of dpttion levels over QH yers using this lterntive dtsetD ll other prmeters orresponding to the seline seF xowD the highest men dpttion rte is rehed with the 4tdEr4 poliyF es n illustrtionD men dpttion levels t pigure IQX roportion of dpted households under ommunition poliiesD sed on fuek et lF PHIQD evolution over time horizon of QH yersF fseline se elterntive se oliy senrio men @sdA men @sdA no ommunition @noomA HFSI @HFHQA HFST @HFHRA top down on risk @tdrA HFTV @HFHQA HFTR @HFHQA top down on risk nd oping @tdrA HFTW @HFHQA HFUI @HFHPA people entred on risk @prA HFTV @HFHQA HFTS @HFHRA people entred on risk nd oping @prA HFUH @HFHQA HFUH @HFHQA le TX wen dpttion levels @stndrd devitions in rketsA in the lterntive seD with dt from fuek et lF @PHIQAD ompred to the seline seD t time step ISF ney iloxon rnk sum tests show tht ll men dpttion levels re signi(ntly di'erent from eh other t time step ISF et time step PSD the 4tdEr4 poliy is not sign(ntly difE ferent from the 4pEr4 poliy @s in the seline seA ut neither is the 4tdEr4E4pEr4 pir distintive ny longerF

Comparison with the baseline case vet us now ompre the results from this lE terntive se with our resultsF es n e seen y ompring pigures IP nd IQD in the lterntive seD dpttion rtes )ex to n upwrd trend erlier thn in the seline seF his is espeilly true for the 4r4 poliiesF his ould e explined with the odds rtio of the oping vrilesF sndeedD in fuek et lF @PHIQA the oddsErtio of the pereived e0y of mesures is greter thn in our dtF gomined with distriution of lower ttitude levelsD this my led to shrper inrese in dpttion rtes in presene of ommunition poliies tht ply on the oping vrileF le T enles omprison of the simultions t time step ISF e n (rst ompre the rnkings of the di'erent solutionsX in oth sesD 4pEr4 poliies perform etter thn 4pEr4 poliies nd 4tdEr4 poliies perform etter thn 4tdEr4 poliiesF roweverD in the seline seD the 4pEr4 poliy is etter thn the 4tdEr4 poliy ut in the lterntive seD the 4tdEr4 poliy is etter thn the 4pEr4 poliyF xextD we n ompre the levels of dpttion in oth sesF st should e relled tht the initil vlue is not the smeX it is olleted dt in the seline se nd rndom vlue etween zero nd one in the lterntive seF elthough the initil vlue is smller in the lterntive seD it leds to higher levels of dpttion in the no ommunition senrioF yn the other hndD 4pE r4 poliies result in the sme solute levels of dpttion with oth dtsetsF hese oservtions re true for othD time step IS nd time step PSF o onlude this omprisonD on the grounds of these two modelling sesD it is not possile to deide whether people entred risk nd oping @4pEr4A or top down risk nd oping @4tdEr4A poliies perform estF 6.2.3

The importance of the social network variable

The small world network sn the followingD we illustrte the impt of the smll world network vrile t time steps IS nd PSF pigure IR shows men dpttion levels t pigure IRX foxplot of dpttion rtes under ommunition poliies t time step IS @left pnelA nd t time step PS @right pnelA seline se @redA nd se with no network @lueAF time step IS @leftA nd time step PS @rightAF he upper @redA oxes orrespond to the men dpttion level in the seline seD hene inluding smll world networkD nd the lower @lueA oxes to the se with no soil networkF he orresponding mens nd stndrd devitions t time step IS re given in le U nd those t time step PS in le VD ompred to the seline seF he sene of the smll world network dereses fseline se ith no network oliy senrio men @sdA men @sdA no ommunition @noomA HFSI @HFHQA HFQH @HFHPA top down on risk @tdrA HFTV @HFHQA HFRP @HFHQA top down on risk nd oping @tdrA HFTW @HFHQA HFRR @HFHQA people entred on risk @prA HFTV @HFHQA HFRI @HFHQA people entred on risk nd oping @prA HFUH @HFHQA HFRT @HFHQA le UX wens nd stndrd devitions of dpttion rtes t time step ISD seline se nd se with no networkF the solute vlue of dpttion levelsF por exmpleD t time step ISD under the 4pEr4 poliyD men dpttion levels with the smllworld network reh UH%D wheres they re only RT% on verge in the sene of soil networkF et time step PSD the di'erenes etween poliies re even more pronounedX under the 4pEr4 poliyD men dpttion levels with the smllworld network reh UT%D wheres they re t only SI% on verge in sene of soil networkF snterestinglyD the rnking of the performne of the di'erent ommunition poliies remins the sme in presene nd sene of the soil networkF fseline se ith no network oliy senrio men @sdA men @sdA no ommunition @noomA HFRV @HFHQA HFPV @HFHQA top down on risk @tdrA HFUI @HFHQA HFRR @HFHQA top down on risk nd oping @tdrA HFUR @HFHQA HFSH @HFHQA people entred on risk @prA HFUI @HFHQA HFRR @HFHQA people entred on risk nd oping @prA HFUT @HFHQA HFSI @HFHQA le VX wens nd stndrd devitions of dpttion rtes t time step PSD seline se nd se with no networkF

Other network types e lso tested the impt of other network typesD nmely the network of n losest neighours nd rndom networkD nd other degrees of onnetionD nmely n = 5D n = 10 nd n = 15F sn ll poliy senrios with ommunition poliiesD the network types nd degrees hd no impt on the simultion resultsF his is minly due to the ft tht the ommunition poliies 'et households rndomly in the popultionD independently of their positions in the networkF sn the senrio with no ommunition @noEomAD the e'et of the type of network is very smllD s shown in pigure ISD whih represents dpttion rtes for di'erent network types nd network degreesD t the end of the time horizon in the seline seF vet us onsider the ses where dpttions lst either Q or II yers on vergeD insted of UD ll other vriles eing the sme s in the seline seF es shown in the ggregte modelD deresing b will led to lower dpttion trjetories nd inresing b to higher trjetoriesF hen b = 3 dpttion trjetories without poliies derese to nerly PH% in yer QHD ompred to slightly elow SH% in the seline seD wheres the est performing poliy with b = 3 leds to dpttion levels of only RS%F le W illustrtes men dpttion levels t time step ISF he rnking of the performne of poliies is the sme s in the seline se nd wnn hitney iloxon rnk sum tests show tht only the 4tdEr4E4pE r4 pir is not signi(ntly di'erentF roweverD solute dpttion levels in presene of the est performing poliy re even lower thn in the no ommunition senrio of the seline seF pigure IT shows dpttion trjetories for the se where the dpttion durtion is II yers on vergeF hen b = 11D dpttion trjetories with no ommunition poliy derese to level of ove TH%D ompred to elow SH% in the seline seF vikewiseD the dpttion level fter poliy intervention rehes VS% in se of the most e0ient poliyD ompred to US% in the seline seF he 4pEr4 poliy still performs est over the whole time horizonF et time step ISD only the 4pEr4 poliy is relly distint from PQ Author-produced version of the article published in Environmental Science & Policy, 2018, N°84, p. 134-148. The original publication is available at https://www.sciencedirect.com Doi: 10.1016/j.envsci.2018.03.005 q q q q q 0.40 pigure ISX foxplot of dpttion rtes t the end of the time horizon in the seline seF gomprison of the e'et of di'erent network types @in olourA nd di'erent network degreesD on the xExisF the othersF roweverD t time step PSD the results re similr to the seline se X only the 4tdrEpr4 pir is not signi(ntly di'erent from the othersF es n illustrtionD the men dpttion rtes for time step PS re given in le IHF he reltive performne of poliies is the sme s eforeD only the solute dpttion levels hngeF Delay of implementation of the measure vet us (nlly disuss the se where the dpttion mesure is only opertionl three yers on verge fter the deision to impleE ment it @N = 3AF sndividuls re still ssumed to ndon mesures on verge fter seven yers @b = 7AF he dpttion trjetories re shown in pigure IUF xote tht men dpttion levels re muh lower thn in the seline seF ith no omE munition poliiesD the proportion of dpted households rehes slightly more thn PH% onlyD ompred to levels pprohing SH% in the seline seF he most e0ient omE munition poliy only leds to dpttion levels of elow RS% t time step QHD ompred to more thn US% in the seline seF roweverD s eforeD the overll rnking of poliies does not hnge ompred to the seline seF wnn hitney iloxon rnk sum tests show tht ll dpttion levels t time steps IS nd PS re signi(ntly di'erent from one notherD exept for the 4tdEr4 nd 4pEr4 pir @s in the seline seAF le II illustrtes men dpttion rtes ompred to the seline se t time step ISF gompring the results in le II nd in le U illustrtes tht hnging the dely of dpttion y two yers hs stronger impt thn swithing the network o'F woreoverD PR Author-produced version of the article published in Environmental Science & Policy, 2018, N°84, p. 134-148. The original publication is available at https://www.sciencedirect.com Doi: 10.1016/j.envsci.2018.03.005

fseline se hurtion b = 3 oliy senrio men @sdA men @sdA no ommunition@noomA HFSI @HFHQA HFPR @HFHPA top down on risk @tdrA HFTV @HFHQA HFQV @HFHQA top down on risk nd oping @tdrA HFTW @HFHQA HFRI @HFHQA people entred on risk @prA HFTV @HFHQA HFQV @HFHQA people entred on risk nd oping @prA HFUH @HFHQA HFRP @HFHRA le WX wens nd stndrd devitions of dpttion rtes t time step ISD seline se nd se where b = 3F fseline se hurtion b = 11 oliy senrio men @sdA men @sdA no ommunition @noomA HFRV @HFHA HFTP @HFHQA top down on risk @tdrA HFUI @HFHQA HFVI @HFHQA top down on risk nd oping @tdrA HFUR @HFHQA HFVQ @HFHQA people entred on risk @prA HFUI @HFHQA HFVI @HFHQA people entred on risk nd oping @prA HFUT @HFHQA HFVR @HFHQA le IHX wens nd stndrd devitions of dpttion levels when b = 11D ompred to the seline seD t time step PSF pigure IUX roportion of dpted households under ommunition poliiesD dely of tionD N = 3 yersF perentge points t time step IS nd up to over QH perentge points t the end of the time horizonF feuse the deision model of the gents is sed on the psyhologil protetion motivtion theory tht deomposes the individul dpttion motivtion into vriles relting to thret pprisl nd oping pprislD we n drw some generl lessons out di'erent types of ommunition poliiesF sn ll settingsD even in the short termD poliies whih ontin informtion on oth the risk of )ooding nd how to ope with itD perform etter thn poliies whih only del with riskF woreover people entred poliies on risk nd oping perform est in ll senrios sed on our dtsetF elthough solute levels of dption do not hnge muh when using n externl dtsetD relying on externl dt from other studies leds to the only se where the top down poliy on risk nd oping performs estF roweverD onlusions out the solute levels of dpttionD nd hene on overll dmge resulting from )oodsD should e drwn with utionF he sensitivity nlysis mkes it possile to trget those prmeters for whih more informtion should e olletedX the dely of implementtion of the mesure is the most importnt prmeter in our modelD efore the dpttion durtionF his lls for more dedited studies on the rel rriers fseline se hely N = 3 oliy senrio men @sdA men @sdA no ommunition @noomA HFSI @HFHQA HFPU @HFHQA top down on risk @tdrA HFTV @HFHQA HFQU @HFHQA top down on risk nd oping @tdrA HFTW @HFHQA HFQW @HFHQA people entred on risk @prA HFTV @HFHQA HFQU @HFHQA people entred on risk nd oping @prA HFUH @HFHQA HFRH @HFHQA le IIX wens nd stndrd devitions of dpttion rtes t time step ISD seline se ompred with the dynmi se with dely of tionD N = 3 yersD nd dpttion durtionD b = 7 yersF to implementtion nd the sustined use of dpttion mesures y householdsF everl extensions to this rtile re possileX (rstD households ould e moileD s sE sumed in rer et lF @PHITAD whih ould led to the ndonment of ertin individul dpttion mesuresD nmely ehviourl mesuresF eondD dpttion ehviour ould depend on the ourrene of )ood eventsD s severl studies hve shown tht experiene is n importnt ftor for individul dpttionF xextD we ould onsider di'erent instiE tutionl settingsD whih would fvour or hinder individul dpttionF woreoverD there ould e eonomi inentives for individul dpttion mesuresD suh s susidies for the implementtion of the mesuresF yne ould lso onsider tht the poliy mker hs some spei( trgets whih heGshe would like to hieve in ost e0ient wyX eFgF rehing ertin level of dpted households or reduing overll dmge y spei(ed mountF reGshe ould then deide whih type of poliy is the est to reh this ojetiveF pinllyD it ould e hllenging to use the model for simultions in two di'erent ountriesD with di'erent hzrdD di'erent institutionl settings nd di'erent peopleF5 8 Acknowledgements: 
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Here and in the following, we use either "individual" or "household" to refer to the data we collected on individuals concerning their household.

If more than two levels are possible for one variable, the odds are computed for passing from one level to the next.

Note that this regression takes into account the possible existence of feedback eects between risk perception and adaptation because the dependent variable relates to planned measures.

Note that the Sobol indices do not add up to one, due to the relatively small number of modalities used for the computation. However, we did a convergence study, which showed that the indices presented in Figure10are good approximations.
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