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ABSTRACT

Asclimatechangeandhumanmigrationaccelerateglobally,decision-makersareseekingtoolsthat
candeepentheirunderstandingofthecomplexnexusbetweenclimatechangeandhumanmigration.
Thesetoolscanhelptoidentifypopulationsunderpressuretomigrate,andtoexploreproactivepolicy
optionsandadaptivemeasures.Giventhecomplexityoffactorsinfluencingmigration,thisarticle
presentsasystemdynamics-basedmodelthatcouplesmigrationdecisionmakingandbehaviorwith
theinteractingdynamicsofeconomy,labor,population,violence,governance,water,food,anddisease.
TheregionalmodelisappliedheretothetestcaseofmigrationwithinandbeyondMali.Thestudy
explorespotentialsystemsimpactsofarangeofproactivepolicysolutionsandshowsthatimproving
theeffectivenessofgovernanceandincreasingforeignaidtourbanareashavethehighestpotential
ofthoseinvestigatedtoreducethenecessitytomigrateinthefaceofclimatechange.
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INTRoDUCTIoN

Thenexusbetweenclimatechange,humanmigration,andconflicthascapturedrecentheadlinesas
policymakers,researchers,andthepublicseektobetterunderstand,anticipate,mitigate,andprepare
forfuturecircumstances(Rigaudetal.,2018;Wrathalletal.,2018;Null&HurzerRisi,2016;Defense
ScienceBoard,2011).

Human migration has long been an important adaptation and risk management strategy for
improvingqualityoflife(McLeman&Smit,2006;Blacketal.,2011;Hunteretal.,2015).TheUnited
Nationsestimatesthat258millionpeople,or3.4percentoftheworld’spopulation,currentlylive
outsidetheircountriesofbirth(UnitedNations,2017a).Significantpopulationsarealsodisplaced
internally.TheInternalDisplacementMonitoringCentrereportsthattherewere31.1millionnew
internalmigrantsdisplacedbyconflict,violence,anddisastersin2016(IDMC,2017).TheWorld
BankGroupestimatesthatby2050climatechangewillpushtensofmillionstomigratewithintheir
countries(Rigaudetal.,2018).

Researchshowsthatthedecisiontomigrateiscomplexandshapedbyvariousandofteninteracting
factors,includingmacroeconomicconditions(Lilleor&VandenBroeck,2011;Cummingsetal.,
2015),householdresourcesandsavings(DeArcangelis&Joxhe,2015),conflictandviolence(Reuveny



International Journal of System Dynamics Applications
Volume 8 • Issue 1 • January-March 2019

2

&Moore,2009;Salehyan,2014;UNHCR,2016),socialnetworks(Davisetal.,2013;Hunteretal.,
2013),environmentaldegradation(Madgwicketal,.2017),changingclimaticconditions(Cattaneo
&Peri,2015),andnaturaldisasters(Mbaye&Zimmerman,2015;IDMC,2017).

Whileitisdifficulttoseparatefromothercriticalfactorsinfluencingmigrationdecisions,climate
change has emerged as a threat multiplier interacting with a multitude of other socioeconomic,
environmental, andgeopoliticaldynamics topropel increasingnumbersofpeople tomove from
vulnerable tomoreviableareas (Rigaudetal.,2018;DSB,2011).Changingclimaticconditions
havethepotentialtoplaceincreasedstressonvulnerablepopulationsthroughintensifyingdamage
tohomesandcriticalinfrastructure,reducingfoodproduction,compromisinghealthandhygiene,
anddegradingecosystems(WHO2017;Gambleetal.,2016).

Aspolicymakers,researchers,andthepublicseektobetterunderstandtheclimate-migration
connectionandanticipate,mitigateandprepareforthedynamicsandimpactofmigration,analytic
tools areneeded that reflect thecomplexityofmigrationdecisionsandexploreproactivepolicy
optionsandalternativeadaptivemeasures(Wrathalletal.,2018;Rigaudetal.,2018;UN,2013).

Manydifferentapproacheshavebeentakentowardmodelinghumanmigration.Theconceptual
basis formuchof today’smigrationmodeling canbe tracedback toRavenstein’s seven lawsof
migration (Ravenstein, 1889). Lee (1966) further shaped the conceptual model of migration by
recognizing that certain forces will tend to push a potential migrant from their place of origin
whileother forces tend topull themigrant to theirpointofdestination.Additional researchhas
contributedtothemodelingofhumanmigration,elucidatingthedriversofmigration(i.e.,social,
political,demographic,economicandenvironmental)andincorporatingideasofadaptivecapacity
andcompetingadaptivestrategies(Blacketal.,2011;Gilbert&McLeman,2010).Wherelargeand
diversepopulationsareatplay,itisdifficulttoascribethemyriadofdriverstoeachcommunityof
migrantsbasedsolelyonfirstprinciplesorthroughsurveydata;rather,empiricalmethodshavefound
particularvalueinthisspaceofanalysis(Afifi&Warner,2008;Tikhomirova&Lebedeva,2015).
Agent-basedmodelinghasalsofoundwideapplicationinsimulatingbehaviorsandinteractionsamong
individuals,families,andcommunitiesinresponsetotheirchangingenvironment(Knivetonetal.,
2011;Barbosaetal.,2011;Walshetal.,2013,Hassani-Mahmooei&Parris,2012).

Themodelpresentedherebuildsonofthisgrowingbodyofhumanmigrationmodelingresearch
andfillsanimportantgapbydevelopingandtightlycouplingamodelofmigrationchoicewitha
multi-sectoralmodeloftheenvironmentinwhichthepotentialmigrantfunctions,includingfeedback
ofmigrationdecisionsonboththesendingandreceivingcommunities.Specifically,wedeveloped
asystemdynamicsmodel(Azar,2012;Sterman,2000)thatsimulatesmigrationbehaviorwithinthe
complexdynamicsoftheregionaleconomy,labor,population,violence,governance,water,food,
anddisease.Systemdynamicsmodelinghasahistoryofusefulapplicationtoeconomics(Ansah,
2017;Omamoetal.,2018,Radzicki&Sterman,1994),climatechange (Langsdaleetal.,2017;
Stermanetal.,2012),humanbehavior(Bernardetal.,2016;Naugleetal.,2018),andotherfactors
ofinteresttothetopicofclimate-inducedmigration(Bhushan,2017;Gumaatal.,2018).Themodel
discussedhereprovidesaquantitativemeansofexaminingtheeffectsofclimatechangeonsocial,
economic,andpoliticalstructuresandtheirinterdependentinfluenceonhumanmigration.Themodel
alsoenablesexplorationoftheefficacyandrobustnessofproactivepolicyoptionsandalternative
adaptivemeasures.

Althoughthemodelisextensibletootherregions,aprototypeispresentedherethatexplores
internalandinternationalmigrationdynamicsbetweenMali,westernAfrica,andtherestoftheworld.
Maliwasselectedasatestcaseduetoitslonghistoryofinternalandinternationalmigrationdrivenby
amultitudeofeconomic,social,andgeopoliticalfactors(Hummel,2015;DiBartolomeoetal.,2010).
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