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ABSTRACT

Humanbehaviourduringcrisisevacuationsissocialinnature.Inparticular,socialattachmenttheory
positsthatproximityoffamiliarpeople,places,objects,etc.,promotescalmandafeelingofsafety,
while theirabsencetriggerspanicorflight.Incloselybondedgroupssuchasfamilies,members
seekeachotherandevacuateasone.Thismakesattachmentbondsnecessaryinthedevelopmentof
realisticmodelsofmobilityduringcrises.Thisarticlepresentsareviewofevacuationbehaviour,
theories on social attachment, crisis mobility, and agent-based models. It was found that social
attachmentinfluencesmobilityinthedifferentstagesofevacuation(pre,duringandpost).Basedon
thesefindings,amulti-agentmodelofmobilityduringseismiccrises(SOLACE)isbeingdeveloped,
anditisimplementedusingthebelief,desireandintention(BDI)agentarchitecture.

KeywoRdS
Affiliation, Attachment Bonds, Belief-Desire-Intention (BDI), Disasters, Earthquake, Evacuation, GAMA, 
Human Behaviour, Mobility, Multi-Agent Modelling, Pedestrian, Social Simulation, SOLACE

INTRodUCTIoN

Themobility of individuals during evacuations is of paramount concernduringdisasters.Quick
thinkinganddecisionmakingtomoveimmediatelytowardsasafeareasavesindividualsfromdanger.
Mobilityisinfluencedby:physicalfactorssuchasage,gender,bodytype;humanfactorssuchas
emotions (calmness, levelof fear,contagion)andcognitiveaspects (knowledgeandexperience);
environmentalfactors(presenceofobstacles,obstruction,facilitiespromotingmobility);andsocial
interactionsandattachment,suchastofamilymembersortospecificplaces.

Thispaperfocusesontheinfluenceofsocialattachmentandhowitaffectsmobilityincrisis
situations.Socialattachment,asusedinthispaper,means,thestrongandweakbondsproducedby
relationshipsandinteractionsofindividualswithothers,namelyfamilymembers,closekin,friends,
colleagues, authority figures (leaders), and even strangers. This also includes the influence and
affiliationtofamiliarobjects,placesandtasks(suchas,personalbelongings,thehomeandcontinuing
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towork,respectively)whicharecloselyassociatedwiththesebond-relatedsocialinteractions.The
futuregoalofthisworkistodevelopamulti-agentmodelsimulatinghumanbehaviourduringcrises
situations, integrating social attachment.The simulatorwill beused to investigate the effectsof
attachmentbondsonthemobilityofindividualsandemergentgroupsduringevacuationsincrisis
scenarios.Inparticularitwilllookatthenuanceswhereattachmentisbeneficialordetrimentalin
theevacuationoflargepopulationsduringcrises.

Acomputationalagent is adiscreteentitydefined in termsof its attributesandbehaviours.
Wooldridgeand Jenningsdescribeagents asbeingautonomous,operatingwithoutdirecthuman
intervention,havingsocialability(i.e.interactswithotheragents),abletoperceiveandrespondto
theirenvironment,andexhibitinggoaldirectedbehaviour(Wooldridge&Jennings,1995).Gilbertand
Troitzschaddthatagentscanbeconstructedtosimulatesomesimplifiedaspectsofhumanintentions
whichcanincludebeliefs,desires,motivesandemotions(Gilbert&Troitzsch,2005).Multi-agent
systems(MAS)allowheterogeneousagentstocooperateaccordingtocomplexmodesofinteraction
(Ferber,2007).MAShavebeenusedtoinvestigateseveralphenomenaandhaveproventobeapowerful
tool for modelling in the social sciences and other related fields (Kravari &Bassiliades, 2015).
AmongtheMASarchitectures,abelief,desire,andintention(BDI)approachisidealformodelling
people(Adam&Gaudou,2016).FromAdamandGaudou,BDIattemptstocapturethecommon
understandingofhowhumansreasonwith:beliefswhichrepresentknowledgeoftheenvironment
andtheagent’sselforinternalstate,desiresorthegoalstheindividualdecidestoachieve,andthe
intentionswhichdescribeasetorsequenceofstepsneededtoachievethedeterminedgoals(Adam
&Gaudou,2016).Stillfromthesameauthors,BDIarchitectureallowsanagenttoerr,byhaving
subjectiverepresentationsoftheenvironmentintermsofbeliefsthatcanbeincomplete,flawedor
differentfromotheragents,cancommunicateandreasonwithotheragents,havetheabilitytoexplain
behaviours,exhibitemotion,abletointernalizenorms,andcapableofmakingindependentdecisions.

Theagent-basedmodel(ABM)thatisbeingdevelopedinvolvesrepresentinghumanbehaviourin
ageographicspace,wheretheagentsparticipateinsocialinteractions.Inthemodelagentsrepresent
humans; they are autonomous and mobile, and have physical, cognitive, emotional and social
attributesinthesimulatedspace.Non-humanobjectssuchaspathways(doors,hallways,alleysand
roads)andobstacles(walls,barriers,debris,naturalfeatureslikerivers),definespatialgeometry,
delimittheagents’behaviour,andcaneitherfacilitateorrestrictmovementandsocialinteraction.
Agentinteractionscanproducegroups,orlargecrowdswithcharacteristicbehavioursemergingfrom
particularsituationssuchasevacuationsduringcrises.

Astheprocessofmodellingaseismiccrisistakingintoaccountsocialattachment(SOLACE)is
stillanon-goingwork,thepresentpaperconsistsmainlyofareview.Thestructureofthispaperisas
follows.Thenextsectionpresentsthestateoftheartinbehaviourmodellingincrisissituationsand
isfurtherdividedintosubsections:trendsinhumanbehaviouralmodellingduringcrises,reactions
tocrisis,thestagesofevacuation,mobility,andhumanbehavioursobservedduringevacuations.The
nextsectionthenpresentstherelevantsocialtheoriesonattachmentthatexplainsthesebehaviours.
Agentbasedmodelsofsocialattachmentarediscussedinafurthersection.Thepapercloseswitha
discussion,conclusionandsomeideasforfuturework.

STATe oF THe ART IN BeHAVIoUR ModeLLING FoR CRISeS

Trends in Behaviour Modelling for Crises
Humanbehavioursinevacuationsaresocialinnature(Aguirre,1983;Chuetal.,2011).Understanding
thesocialandgroupprocessesduringevacuations,suchashowexistingbondsareactivatedduringa
threat,theformationofnewtiesleadingtogroupcreation,andtheinteractionsbetweenindividuals
andgroups,canleadtothedevelopmentofmorerealisticbehaviouralmodels.
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