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ABSTRACT

Emergencyresponseandmanagementrequiresthecoordinationofagenciesanddifferentservicesin
acomplexevolvingsituation.Thisinturn,requiresdiversemodelsrepresentingdetailedknowledge
aboutthetypesofadverseevents,theirpotentialimpactandthemeansandresourcesthatarebest
suitedforaneffectiveresponse.Thebasicformalinfrastructureincidentassessmentontology(BFiaO)
isorientedtowardsfulfillingtheseneeds.BFiaOisameta-modelforhandlinginfrastructure-related
situations,butitdidnotprovidemodelsforacatalogueofadverseeventsandthemeansnecessaryfor
anadequateresponse.Inthisarticle,theauthorspresentthekeyontologicalcommitmentsrequired
fordevelopingBFiaO-basedextensibletypologiesofadverseeventsthataredrivenbytheeffects
ratherthanbyotheraspectssuchascauses,orfacilitiesaffected.Themodelofaconcretecasestudy
isthenpresentedthatconnectsadverseeventtypestothekindofactionsandresourcesrequiredfor
mitigation.
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1. INTRODUCTION

Emergencymanagement(EM)isthecontinuousprocessbywhichindividuals,groups,andcommunities
managehazardstoavoidormitigatetheimpactofdisastersresultingfromthem.Emergencyresponse
istriggeredbytheoccurrenceofgeospatiallylocalizedadverseeventsorincidentsofaverydiverse
natureandthattypicallychainorcombinewithothersasthesituationevolves(FanandZlatanova,
2010).Aswehaveseeninrecentevents,aglobalapproachisrequiredinordertoachieveascomplete
anawarenessaspossibleofthesituationtoassessthepossiblecoursesofactionfortheunfolding
emergency.Suchaglobalapproachcallsformodelsofdifferentdomainsinwhichitispossibleto
connectincidentswithresourcesandmeans,thatareabletoprovidesupportforsituationawareness
duringthecourseoftheincident.Thelinksbetweentheseaspectsaredeterminedbythepotential
effectsthatsomekindsofincidentsareknowntohaveinparticularcontexts.Forexample,certainkinds
offireshavedifferentbehaviorsdependingontheinfrastructureorareaaffected,andconsequently
themeanstodealwiththemarealsodifferent.

Thecomplexityofemergencymanagementrequiresmodelscoveringdifferentaspectsthatare
partofthesituationtriggeredbytheincident.Asurveyofsituationawarenessontologiescanbefound
inBaumgartner&Retschitzegger(2006).TherearedifferentapproachestodeployinganEmergency
Management(EM)concept.DiMaio(2007)-basedonRexBrooks(OASIS-http://www.oasis-open.
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org/committees/emergency/)–distinguishesbetweenEmergencyResponseManagementSystems
(ERMS)andEmergencyResponseSystemManagement(ERSM).Inadditiontothis,therearesome
otherproposalswhereontologiesareusedindifferentwaysinEmergencyManagementSystems,
forinstanceMaliziaetal.(2010)defineanontologytomanagealertscalledSEMA4A.Zhongetal.
(2017)focusontheuseofontologiesforgeospatialinformation.AuthorslikeOthmanandBeydoun
(2010)foundreferencesinmajormodelsfortheconceptofadverseeventorincident,identifying
themasthetriggersofcoordinatedactions.

Thereexistseveraladverseeventtaxonomies,buttheydiffersignificantlyandtheontological
criteriatheybuildoninthebreakdownintoeventcategoriesisinmostcasesnotmadeexplicit.This
ishamperingtheirextensionandreuse.Also,thesetaxonomiesarenotassociatedtothekindsof
actionsandresourcesthatareknowntobeeffectiveinhandlingthem,whichrepresentsacriticalkind
ofexpertknowledgeinunfoldingsituations.SomeotherauthorslikeTruptiletal.(2008)andFord
etal.(2015)firstproposedamediationtooldedicatedtosupportinteroperability,butthisapproach
doesnotreplacetheneedforasharedmeta-model.

SeveralproposedontologiesforEMhaveincludedincidentsintheirstructures.However,the
relationofincidentstoparticularkindsofotherelementshasnotbeensubjecttoformalizationinmost
ofthem(FanandZlatanova,2010;GaltonandWorboys,2011).However,SiciliaandSantos(2009)
describedBFiaO,whichprovidesamodelcoveringthecommonhigh-levelaspectsofinfrastructures
(electrical,gas,etc.),causesofincidents(bethemnaturalorcausedbyhumans)andtheincidents
themselvesassituationsthatinsomecasesevolveorarequalifiedasemergencies.Rulescouldthenbe
usedtocombinethestructureofeventsrepresentingtheevolvingsituationtoinferpotentialsituations
ofriskassociatedto infrastructures.Themodelproposedhere,asanextensiontoBFiaO,allows
forthecodificationofEMknowledgeinareusablewaythatcouldlaterbeusedfortheplanningof
actionsaccountingforavailableresourcesandothercontextualcircumstances.

Thispaperdescribesanontologicalframeworkforaunifiedaccountofeffect-basedEM.Our
pointofdepartureisananalysisofpreviousmodelsthatincludeeffectsandresources.Fromthat,the
structureofBFiaOasameta-modelisputinrelationwiththespecificrequirementsofknowledge
abouttheeffectsoftheincidentsandsituations.Theresultingmodelsarethenevaluatedinacase
studythatissuccinctlydescribes.Themodelpresentedservesasablueprintandalsoabasicontology
forbuildingknowledge-basedeventsystemscrossingdomainsandintegratingadditionalmodels.To
keepthediscussionshort,wehaveonlyshowedsomeoftheaspectsofthemodel.

Thispaperisstructuredasfollows.Section2providesareviewofexistingrelatedtaxonomies
andterminologiesrelatedtoaddressingadverseeventtypologies.Section3explainstheglobalview
ofouremergencymodel.Section4explainsrefactoringevents,missionsandresources,andhowto
usethemforinferenceusingtheBFiaOapproachtoseparategenericandconcretemeans.Section
5describesacasestudyinwhichthemodelsandtechniquespresentedareputintopracticefora
concretesituation.Finally,conclusionsandoutlookareprovidedinSection6.

2. RELATED WORK

Thissectionsurveyspreviousworkinontologiesandmodelsindisastermanagementthatarerelevant
to theworkpresentedhere.Thepointofdeparture is theconceptofeffect-basedmodeling first
proposedbySantos,SiciliaandPadrino(2011).Existingproposedontologiesandotherschemasare
contrastedintheirsupporttoevents,actionsandresources.

2.1. Emergency-Related Taxonomies
Systemsdealingwithemergenciesaredata-intensiveandrequireanumberofintegrateddatamodels,
includinggeospatialinformation,inventoriesofavailableresourcesandofvulnerablefacilitiesor
populations. Proposed standards for the interchange of data related to EM have emerged in the
lastyears,e.g.theTacticalSituationObject(TSO)isaimedatexchanginginformationduringEM
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