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ABSTRACT

Thisarticlepresentsamethodologyusingsystemdynamicstomodelthetime-dependentprogressof
eachoneofthe17SustainableDevelopmentGoals(SDGs),aswellastheirmutualinteractions.The
hard-systemsapproachpresentedhereincomplementsasoft-systems,cross-impactanalysisapproach
presentedinpart1.Toaccomplishthis,amodifiedlogisticinnovation-diffusionmodelisusedto
representtheprogressofindividualSDGsovertime.Then,matrixtranspositionisusedtomodelthe
SDGs’interactions.Combiningthesetwotechniquesintoonesystemdynamicsmodel,theauthors
proposeananalytical,quantifiable,andeasilylearnedtooltounderstandthecomplexinterplayamong
theSDGsasasystem.Thenewweb-basedtoolcanbeusedtoanalyzeseveralscenariosoftheSDGs
overtimetounderstandtheimpactofacertainpolicyoreconomicintervention.Thisarticleisthe
secondofasequenceoftwopapersanalyzingtheinteractionsbetweentheSDGsinasystemicmanner.
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1. INTRoDUCTIoN

Inacompanionpaper(Part1),theauthorsadvocatedtheneedforusingasystemsapproach,based
oncross-impactanalysis(CIA)combinedwithnetworkanalysis,toanalyzetheinteractionamongthe
17SustainableDevelopmentGoals(SDGs).TheanalysiswasbasedontherationalethattheSDGs
formananthropocentric networkconsistingofmanyinteractionsatthegoal-and/ortarget-level.As
reviewedinthecompanionpaper,althoughtheinteractionsamongtheSDGshavebeenacknowledged
bymanyauthorsinthesustainabledevelopmentliterature(Allenetal.,2017;Coopmanetetal.,2016;
LeBlanc,2015;Nilssonetal.,2016;Nilsson,2017;Nilssonetal.,2017;Nilssonetal.,2013;UN
Water,2016;UnitedNationsEconomicandSocialCouncil,2015;UnitedNationsGeneralAssembly,
2015;Vladimirova&LeBlanc,2016;Weitzetal.,2014),littlehasbeendonetomodelhowtheSDGs
influenceordependononeanother.

Crossimpactanalysisoriginatedinthe1960s(Gordon,2014;Gordon&Hayward,1968)toanalyze
“weak[soft]structuredsystems”(Weimer-Jehle,2006,p.336)forwhichtheory-basedcomputational
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(hard)modelsdonotworkwellduetosystemcomplexityanddisciplinaryheterogeneity.Sinceits
inception,cross-impactanalysishasbeenusedageneralmethodforassessingthe“interrelations
betweenthemostimportantinfluentialfactorsinasystembyexpertswhoevaluate[subjectively]
pairsofthesefactors”(Weimer-Jehle,2006,p.336).Cross-impactanalysisisasoftsystemsapproach
thatusesasystemicprocessofinquiry.

AsdiscussedinPart1,combiningcross-impactanalysisandnetworkanalysishasmanyadvantages
whenanalyzingtheSDGs.Morespecifically,theapproachenablesdecisionmakersto:(1)attaina
betterqualitativeandquantitativeunderstandingofthewaytheSDGsinteract;(2)detectemerging
patternsresultingfromthoseinteractions;(3)usecontext-specificinformationaboutdirectimpacts
toidentifyindirecteffects;and(4)identifyleveragepointshiddenwithintheSDGs.

Cross impact analysis also has limitations. As noted by Checkland and Poulter (2006), the
limitationofasoftsystemsapproachisthatitusesanaction-orientedlearningprocessforlearning
toaddressproblemareasandnotthecontentoftheproblems.Thesecondlimitationofcross-impact
networkanalysisisthatitisstatic;itrepresentsasnapshotofasystemintimeandcannothandle
dynamic(time-dependent)issues.

Athirdlimitationisthatcross-impactanalysisisentirelybasedonhumaninput,ideally,expert
judgement.Thecross-impactmatrix,whichisatthefundamentalcoreofcrossimpactanalysis,requires
judgingexpertstoestimatehowvariablesinteractwitheachother,thedegreeoftheirinteractions,
andthepossibleresultsoftheirimpacts(Weimer-Jehle,2006).Essentially,thequalityoftheanalysis
dependsontheaccuracyandexpertiseofthepeopleundertakingthatanalysis.Theexpertsfilling
outthecross-impactmatrixare“expectedtopossessinsightswhichrathershouldbetheresultsofan
analysis(Weimer-Jehle,2006,p.337).”ThisistheclassicCatch-22,whereinputdependsonoutput,
renderingtheanalysisineffectivethroughcircle-logic.

Wepresentbelowanalternativehardsystemsapproachtoanalyzetheinteractionsamongthe
SDGswhichhelpsaddressthelimitationsmentionedabove.Theapproachusessystemdynamics
which,asthenamesuggests,accountsforhowthecomponentsofsystemsandtheirlinkageschange
with time. Furthermore, it takes under consideration the components of a system in addition to
followingasystemicprocessofinquiry.Unlikecross-impactanalysisthatcanbecarriedoutusing
simpletablesinExcel,systemdynamicsanalysisrequiresusingmoresophisticatedsoftwarepackages.
The systemdynamics (SD)modelspresented in thispaperuse theSTELLA(SystemsThinking
ExperientialLearningLaboratorywithAnimation)ProfessionalsoftwarebyISEESystems,Inc.v1.2.1.

Itshouldbenotedthatbothcross-impactanalysis(combinedwithnetworkanalysis)andsystem
dynamicsarenotmutuallyexclusivefromeachotherwhenaddressingtheSDGs;theymayappear
to bedissimilar but, in reality, complement eachother. It is recommended, for instance, to first
carryoutcross-impactanalysisandnetworkanalysistomaphowtheSDGsinteract.Theyalsoforce
decisionmakersto,atleast,semi-quantifythestrengthandcentralityofeachcomponentwithinthe
SDGnetworkaswellasthestrengthofthelinkagesamongthegoals.Theresultsofthatanalysisare
criticaltodevelopingrobustandmeaningfulSDmodels.Insystemthinkinglingo,theyhelpdevelop
so-calledmentalmodelsofhowtheSDGsinteractandoutlinehypothesesoftheirinteractiondynamics.

AnearlierversionofthemodeldiscussedhereinwasoriginallypresentedattheUnitedNations’
Multi-StakeholderForumonScience,TechnologyandInnovationfortheSDGsheldinNewYork
on14-16May2017,whichfocusedonsixofthe17SDGs,namely,SDG01(PovertyEradication),
SDG02(FoodSecurity),SDG03(Health),SDG05(GenderEquality),SDG09(Infrastructure),and
SDG14(Oceans).Thatpresentationservedasacatalystforthispaper.Themodelpresentedherein
canbeextendedfurthertoincludeallSDGsinthefutureaswellasamoredetailedandcomplex
modelrepresentingsustainabledevelopmentingeneral.

Therestofthepaperisorganizedasfollows:section2presentsanoverviewofsystemdynamics
modeling by discussing its definition, major components, causal-loop diagrams, and stock-and-
flowdiagrams;section3describesasystemdynamicsarchetypebasedonthelogistic,innovation
diffusionmodel;section4detailshowtoconnectmanystructurestogetherusinganestedcross-impact
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