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ABSTRACT

The objective of this article is to design a game theory-based model to outline the role of the
government,firmandcivilsocietyforenvironmentalsustainability.Thestudyusedthedynamicgame
theoryofcompleteinformation.Basedupontheequilibriumanalysis,thestudyhighlightsthatwhen
thepunishmentfornon-compliancewithenvironmentalresponsibilityissmaller,theroleofcivil
societywouldbehigherforenvironmentalsustainability.Ontheotherhand,whentheenvironmental
responsibilitycostishigher,thentheroleofagovernmentisalsohigherfortheimplementationof
environmentalresponsibilityandtoensurethepunishment.However,theauthorsfoundfrommodel
analysisthatifthecostislow,theprobabilityoffirmtofulfillenvironmentalresponsibilityishigher.
Inreallife,thehighcostofenvironmentalresponsibilityisthemainreasonthatthefirmdoesnot
fulfillenvironmentalresponsibility.Underthehighcost,thefirmoftenhasthephenomenonofbribery
tothegovernmentandothermeanstoavoidenvironmentalresponsibility.Thisarticleisavaluable
policyguideforpolicymakerstocopewithglobalenvironmentalchallenges.
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INTRodUCTIoN

Creatingsustainablefutures,countriesneedtoemphasizeonmultipleinitiativesincludingthereduction
ingreenhousegasemissions,protectinganaturalenvironmentandfocusingonhumandevelopment
(Sassi,2016).Energyproductionandenvironmentalissueshavetobeconsideredwithinthecontextof
socioeconomicsustainabilitythatenablesandprovidessupportforpositivedevelopmentofcountries,
communitiesandindividuals(Epstein&Buhovac,2014;Roseland,2000).Inthewholescenarioof
environmentalsustainability,thecommunitieshaveamainrole.However,communitiescannotbe
forcedtoadoptenvironmentalfriendlylifestyle.But,theyneedtobeofferedanenvironmentally
viablealternativetotheircurrentlifestyle.Thegoalofenvironmentalsustainabilitycannotbeachieved
withoutsimultaneouslyconsideringthequalityoflife.

Globally,inthecontextofdevelopingcountries,thelivingstandardsareverylowascompareto
developedcountries(Poudel,2016).However,inthecontextofdevelopingcountryitisdifficultto
managetheenvironmentalsustainabilityalongwiththequalityoflife.Currently,developingcountries
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arefacingenvironmentalchallengesduetoanimbalanceintheeconomicandsocialdevelopment
ofrecentyears(Qureshi,2010).Themajorcitiesfacehaphazard,unplannedexpansionduetothe
shiftoftheruralpopulationtowardurbanareasthathasworsenthesituation(Waseemetal.,2014).
The municipal authorities in developing countries also have limited resources; the haphazard
urbanization is the core reason of deterioration of natural resources (Qureshi, 2010). Moreover,
Pakistanadevelopingcountryisfacingasevereenergyshortagesincelasttwodecadessimilarto
otherdevelopingcountriesoftheworld(Khalil&Zaidi,2014;Valasaietal.,2017;Zameer&Wang,
2018).Presently,toovercomeanenergyshortage,thegovernmenthastakeninitiativestoinstallcoal-
basedpowerplants(MassarratAbid&Ashfaq,2015;Edenhofer,Steckel,Jakob,&Bertram,2018).
Ononeendcoal-basedpowerplantswillhelptoovercometheenergyshortageinthecountry.On
theotherhand,itisharmfultotheenvironment(Coutinho&Butt,2014).Atatimewhendeveloped
nationsareshiftingtheirenergysourcesfromcoaltorenewableandenvironmentalfriendlyenergy
production,theinitiativeofPakistanigovernmenttoinstallcoalpowerplantsinthecountryisstrange
enough.Nodoubt,energyisanessentialelementforthequalityoflifeandeconomicdevelopment.
However,it’stheresponsibilityofthegovernmenttoensuretheavailabilityofcheap,reliableand
environmentalfriendlyenergyinthecountry.

Furthermore,theindustrialsectorisoneofthegrowingsectorsworldwide.Asaresultofindustrial
sectorgrowth,environmentalissueshaveevolvedworld-wide(ElianaAndréaSevero,deGuimarães,
Dorion,&Nodari,2015).However,inthatperspective,theenvironmentaldegradationinanycountry
canharmtheoverallecosystem,anditsnegativeimpactscanalsobefeltinneighboringcountries
(Rosenbloom,2001;ElianaAndreaSevero,deGuimarães,&Dorion,2017).Thestudyof(Eliana
AndréaSevero&Guimarães, 2015) indicated that a largenumberof firmshave consensus that
environmentalsustainabilitycanbeastrategicpartoforganizationaldevelopmentandaredesigning
business models to incorporate environmental problems and embracing competitive advantages.
Similarly,thefirmsoperatinginthedevelopingcountriescanreducetheirenvironmentaleffectby
usinganenvironmentalfriendlyproductionsystem.Qudrat-UllahandKarakul(2007)suggestedthat
newpolicyincentivesshouldbeintroducedtocopewithenvironmentalissues.Suchas,tocopewith
environmentalissues,industrializednationshavesignedasecondcommitment(DohaAmendment
totheKyotoProtocol)in2012toreducenationalCO2by18%duringyear2013-2020.

Eventhough,environmentalpoliciesaredesignedandnegotiatedintheparliamentofdemocratic
countries,butultimatelypolicymakersneedtogetsupportfromthedomesticpublic inorder to
implement policies in effective manners (Bernauer & Gampfer, 2013; Zürn, 2004). However,
to make environmental policies effective and acceptable, scientific literature advocates that the
governmentshouldengagecivilsocietyinenvironmentalpolicydevelopment(Bernauer,Gampfer,
Meng,&Su,2016;Betsill&Corell, 2008;Yamin,2001).The involvementof civil society can
improve the transparencyof policyoptions andbargainingpositions (Grigorescu, 2007).And it
also,enablescitizenstogetmoreinformationaboutpolicyreformsthathelpthemtoassesswhether
theirrepresentativesareworkinginaccordancewithlocalinterests,andtoholdthemaccountable
(Drews & Van den Bergh, 2016). Moreover, civil society can influence the government actors
toensurethetransparencyandpublicizetherelevantinformation(VanRooy,2004).Basedupon
subsequentdiscussion,wecanarguethatthegovernment,firmandcivilsocietyhaveacrucialrolefor
environmentalsustainability.But,nostudyinthepasthasaddressedthephenomenathatwhen,how
andtowhatextentthegovernment,firmandcivilsocietyshouldplaytheirroletoensuresustainable
environmentforthenations.

Therefore, toaddress theoretical shortcomings, thepurposeof this study is todesignanew
gametheory-basedmodeltooutlinetheroleofagovernment,firmandcivilsocietytocopewith
environmentalissuesworldwide.Thisstudyusedthedynamicgametheoryofcompleteinformation
tounderstandtheequilibriumsolutionsforthegovernment,firmandcivilsociety.Firsttime,this
studyprovidesthebasisforpolicymakerstounderstandhowandwhenthegovernment,firmand
civilsocietymustinterveneandplayavitalroleforenvironmentalsustainability.
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LITERATURE REVIEw

Environmental issues and pollution are considered as extremely dangerous hazards worldwide.
Naturalproblemsareapproachinghighlyriskypoints,becausepeopleareunawareoftheirinsecurity.
Today, countries are emphasizing to cope with the elements those are creating environmental
issuesandmakinglivesdifficultfor individuals.Therearemanyecological issuesindeveloping
countries,however, to address theecological issuesno seriousefforthasbeenmade.Moreover,
manyenvironmentalissuesareinherentindevelopingcountries,whichareofgreatconcernforits
sustainableeconomicfuture.Theseenvironmentalissuesincludewaterpollution(Azizullah,Khattak,
Richter,&Häder,2011),airpollution(Ali&Athar,2008),noisepollution(Mehdi,Kim,Seong,&
Arsalan,2011),deforestation(Ahmed,Shahbaz,Qasim,&Long,2015),pesticidemisuse(Tariq,
Afzal,Hussain,&Sultana,2007),naturaldisasters(Finchetal.,2016),climatechange(Khan,Khan,
Ali,Ahmad,&Ahmad,2016),urbanization(Azam&Khan,2016),desertification(Zhang,Andam,
&Shi,2017)andenergyproduction(Coutinho&Butt,2014;Qudrat-Ullah,2015).

Themaincontributortotheintensityofenvironmentalissuesistheindustrialsectordevelopment
alongwithpopulationgrowth(Önder&Akay,2015).AccordingtoWorldFactbook(CIA)Pakistan
adevelopingcountryis7thpopulouscountryintheworldwithapopulationmorethan200Million.
Thepopulationinallotherdevelopingcountriesisgrowingatafastestrateandaccordingtoestimates
itwillbecomedoublein25years.Ifthepopulationinthedevelopingcontinuestogrowatthisrate,
itwillcreateworseconditionsfortheenvironment.Unfortunately,thedevelopingcountriesdon’t
haveenormousresourcestosustainsuchahugepopulation.Moreover,tofulfillemploymentand
otherrequirementsofthepeople,theindustrialsectorsarecontinuouslygrowinginthesecountries.
Currently, the industrial sectorcontributesmore than20%in totalGDP.The industrial sector in
mostlydevelopingcountriesismajorlyconsistingoffoodprocessing,chemical,agricultureandother
industries.Duetotheseindustries,climatechangeissuesareextremelysensitiveinthecontextof
developingcountrieslikePakistan.AccordingtothestudyofMuhammadAbid,Schilling,Scheffran,
andZulfiqar(2016),Pakistanishighlyvulnerabletoclimatechange.Climatechangeforecastshave
anticipatedsevereandmorefrequentdroughtswhichmayleadtothemajorlossoftreesandsubsequent
deforestation(March,2016).

Furthermore,water isanessentialelementforhumansurvival.Thefreshwaterencompasses
3%oftotalwaterontheearth.However,averysmallpercentage(0.01%)offreshwaterisavailable
forhumanusage.Unfortunately,thissmallpercentageoffreshwaterisunderimmensestressdue
tourbanizationandunsustainablewaterconsumptioninindustryandagriculture(Azizullahetal.,
2011). Moreover, industrial disposal creates worse conditions for the availability of fresh water
(Daudetal.,2017).Environmentalpollutionbecomesmoresevereduetourbanization,population
growthandindustrialization(Önder&Akay,2015).Similarly,populationgrowthandurbanization
increasesthetrafficflowinthebigcitiesthatcreatesnoisepollution.ThestudyofFiedlerandZannin
(2015)suggestedthattocontrolthenoisepollution,thetrafficflowshouldbeminimized.However,
itisdifficulttocontrolthetrafficflowbecausemostoftheindustriesaresituatedinbigcities.The
smoothmovementsof labor,rawmaterialandfinishedgoodsfromindustriesneedahightraffic
flowthatincreasesnoisepollutioninbigcities.Moreover,themisusesofpesticidesarealsocreating
severeenvironmentalproblemsindevelopingcountries.Forexample,asthestudyhasshownthat
thegroundwaterinPunjabandSindh(Pakistan)hasbeenfoundcontaminatedduetothehugeuse
ofpesticides(Tariqetal.,2007).Tocopewiththeenvironmentalpollutioncomingfromfactories,
thegovernmentneedstodesignacooperativecompliancewithfactories.Further,thegovernment
shouldalsoengagecivilsocietytocooperatewiththegovernmenttocontroltheurbanizationand
misuseofpesticidesindevelopingcountries.

Inaddition,energyproduction ishighlyskewed towered thermal sources (Wakeel,Chen,&
Jahangir,2016;Zameer&Wang,2018).Accordingtoscientificliterature,theenergyproductionfrom
thermalsourcescreateworseconditionsfortheenvironment(Anwar,2016;Zaman,Abdullah,&Ali,
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2017).However,itistheresponsibilityofthegovernmenttoensureenvironmentalfriendlyenergy
production.Thestudyof(Zamanetal.,2016)hassuggestedtheforenvironmentalsustainability,
renewable energy is a better alternative of energy production. For instance, the current energy
productionmixoftheChina,IndiaandPakistanarecreatingsevereconditionsfortheenvironment
inSouthAsia.Paststudieshaveindicatedthatmorethan32%ofCO2and42%SO2emissionsare
emittingfromtheenergysector(Anwar,2016;Harijan,Uqaili,Memon,&Mirza,2011;Zamanet
al.,2017).Therefore,itcanbearguedthatthegovernmentsshouldemphasizeonenergyproduction
fromrenewableenergysourcestosafeguardtheenvironmentinthecountry.Asstudiesof(Farooqui,
2014;Sheikh,2009;Zameer&Wang,2018)hashighlightedthatPakistanhas1100kilometers(km)
acoastallinehavinghugepotentialofwindenergyproduction,butthecountryisproducingasmall
partofenergyfromthewind.Windenergyconsiderablydecreasesdependencyonfossilfuels,which
strengthenglobalenergysecurity.Andalsowindenergydoesn’temitdangerousgasesalsoitdoesn’t
contributetoglobalclimatechangeorglobalwarming.Therefore,thegovernmentsindeveloping
countriesshouldplaytheirroleforenvironmentalsustainabilityandshiftenergyproductionfrom
currentsourcestorenewableenergy.

Summinguptheaforesaiddiscussion,itcanbearguedthatthegovernmentandfactoriesbothare
responsibleforcontinuousdamagetotheenvironment.However,thecommonmanisbeingaffected
atlargebyenvironmentalissues.Thus,authorsbelieveitishighlysignificantthatthegovernment,
firmandcivilsocietyshouldplaytheirroletocopewithenvironmentalissues.But,when,howand
towhatextenteachparticipantshouldinterveneandplayavitalroleforenvironmentalsustainability,
needtobeanswered.Therefore,designingamodeltooutlinetheroleoreachparticipantisextremely
important.

Designingamodeltoaddressenvironmentalissues,gametheoryprovidesagoodtheoretical
basisformodelingtounderstandandencounterenvironmentalissues.Asthestudyof(Li&Xu,
2018)usedgametheoryforpollutiongovernanceinchinaandstudiedtheroleoflocalgovernment,
centralgovernmentandfirms.Shi,Wang,Fu,andXue(2017)appliedgametheorytocopewith
environmentalchallengesandfoundthatbestwayistolong-termcooperationwhichcanhelptosustain
environment.Gaoetal.(2018)appliedgametheoryforenvironmentalriskmitigation.Therefore,we
believegametheoryisbestfittobeusedtooutlinetheroleofthegovernment,firmandcivilsociety
forenvironmentalsustainability.Inarealworld,thestrategyofoneplayercansignificantlyinfluence
theactionsofotherplayers.Asthestudyof(McVea&Charalambu,2014),arguedthatparticipantsin
anyscenarioareconvincedtoactstrategically.Similarly,inthecaseofenvironmentalsustainability,
thedecisionsof thegovernmentcansignificantly influence theactionsof firmsoperating in the
country.Also,theroleofcivilsocietycansignificantlyinfluencethedecisionsofthegovernmentand
firms.Thestudyof(Cheffins,1997)statedthatagameisasituationinwhichactionsofplayerscan
significantlyinfluencetheutilityofothers.Similarly,greenregulationsintroducedbythegovernment
cansignificantlyinfluencetheprofitabilityofthefirmsandalsothebenefitsofsociety.According
to(Schelling,2010)gametheoryhelpsexploreandunderstandthesituationinwhichplayers,make
interdependentdecisionswhichcanbedefinedasstrategicinteractions.Colman(2013)arguedthat
gametheoryisthattherearetwoormoreplayers(decisionmakers)involved,eachofthemhavea
choicetoactaccordingtobestofhis/herknowledgetomaximizeitsutility.Inthispaper,authors
analyzedtheavailableoptionsforthegovernment,firmandcivilsocietytocopewithenvironmental
challengesworldwide. Initially,gametheorywasdevelopedbyJohnvonNeumann(Poundstone,
1993).Myerson(2013)statedthatgametheorycanbedividedintotwodistinguishtypesi.e.static
anddynamicgames.Inastaticgameallplayersmakedecisionssimultaneously,howeverinadynamic
gamesequentialmovesareperformed.Thefamousgameoftheprisonerdilemmaiscategorizedasa
staticgame.However,thechessgameisanexampleofadynamicgame(Zameer,Wang,Yasmeen,
Mofrad,&Saeed,2018).Itcanbestatedthatinformationareknowntoallparticipants,thegame
is categorized as a game of complete information. Conversely, when all participants don’t have
equalinformation,thegameiscategorizedasagameofincompleteinformation.Inthecontextof
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environmentalsustainability,thegovernmentandcivilsocietyknowsaboutthefirmsoperatingin
thecountry.Firmsalsoknowtherulesandregulationsofthecountry.So,itcanbearguedthatall
theplayersi.e.thegovernment,firmandcivilsocietyhaveequalinformation.Therefore,thiskindof
situationcanbecategorizedasthegameofcompleteinformation.Further,thedecisionsoffirmand
civilsocietyaredependentupontherulesandregulationsintroducedbythegovernment.Therefore,
thiskindsituationinwhichfirmandcivilsocietyactbasedupontheinitiativesofthegovernment
andallparticipantsi.e.thegovernment,firmandcivilsocietyhaveequalinformation,thecaseis
consideredasdynamicgameofcompleteinformation.Thus,thestudyuseddynamicgameofcomplete
informationtoclassifytheroleofthegovernment,firmandcivilsocietytoaddressenvironmental
issuesworldwide.Moreover,thesolutionconceptusedingametheoryiscalledNash-equilibrium.The
conceptwasnamedasNash-equilibriumaftermathematician,JohnForbesNashJr.whointroducedthis
solutionconcept(Osborne&Rubinstein,1994).Nashequilibriumisafundamentalconceptingame
theory,anditiswidelyusedinpredictingtheoutcomesofstrategicinteractionsinthesocialsciences.

ModEL ANd METHodoLoGy

Thestudyusedadynamicgametheoryofcompleteinformationfortheassessmentofenvironmental
responsibility.Basedupontheproceedingdiscussion,thestudydesignedagametheoreticmodelto
addresstheenvironmentalissues.Thescientificliteratureandcommonknowledgesuggeststhatthe
governmentandindustriesare liableforenvironmental issuesworldwide.However, thecommon
manismostaffectedbyenvironmentalproblemsaroundtheglobe.Inthecontextofthisstudy,itis
presumedthattheinformation’sarefullyknowntothegovernment,firmandcivilsociety.Therefore,
inthecontextofcompleteinformation,scientificliteraturesuggeststhatadynamicgameofcomplete
informationprovidesgoodtheoreticalbasistoreachatanequilibriumsituation(Bajari,Hong,&Ryan,
2010;Rasmusen&Blackwell,1994;Wolters&Schuller,1997).Inordertoachievetheobjectives
ofthestudy,thereisaneedtofirstconceptualizetheroleofthegovernment,firmandcivilsociety
ingameanalysis.

Three Players dynamic Game Model
Inthisstudy,itisassumedthatallthreeplayersthosehaveconcernrelatedtoenvironmentalissues
i.e.thegovernment,firmandcivilsocietyarerationalparticipants.

Assumptions and Parameters

1. The firm fulfills its responsibility for the purpose of sustainable environment, the cost of
environmental sustainability is C, and in a case the firm doesn’t fulfill its environmental
responsibilitythenafirmneedtopayafinetothegovernmentwiththeamountofEC.However,
underthenormalsituation,specificallyinthecontextofdevelopingcountries,thefineimposed
bythegovernmentislowerascomparetothecostofenvironmentalresponsibility.So,firms
prefertonotsatisfyitsenvironmentalresponsibilityandearn(1-E)CwhereEiscoefficientand
canbe0<E<1.

2. Thegovernmentisresponsibleforthesupervisionuponthefirmsoperatinginthecountryand
ifthegovernmentacceptsbribesitwillfacetheMCpenaltyimposedbyglobalorganizations;
firmshallalsobepenalizedbyU(1-E)C.Thepenaltyonthegovernmentmaybeimposedbythe
Kyotoconventionthatenforcesgovernmentstoplaytheirroleforthepurposeofenvironmental
sustainability.Whenthegovernmentdoesn’tplaytheroleforenvironmentalsustainabilityitmay
facetherestrictionsonexports.Further,ifthegovernmentdoesn’tplayitsrolethenitwillalso
losetheearningUCthatitsupposedtoearnfromtheenforcementoflawsregardingenvironmental
sustainability,where(U>1).Uistheintensityoffineorpunishment.
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3. TheenvironmentallosscostforthesocietyisK,ifthegovernmentfulfillsitsresponsibilities,
itcanbeonthebenefitside,andthebenefithereisC.Thesebenefitsgovernmentwillreceive
fromthefirmforenvironmentalsustainability.

4. Theroleofcivilsocietycanbetomonitorthebehaviorofthegovernmentandthefirmandplay
theirroleaccordingly.Inacasewhencivilsocietydoesn’tplaytheirrole,theenvironmental
benefitis0.However,whenthegovernmentcollectsfine,theamountwillbeutilizedforthe
bettermentofenvironmentandsociety.So,inthiscasethebenefitofsocietyis2UC.

5. Theabovearetheutilitiesofthegovernment,firmandcivilsociety.Itcanbestatedherethat
environmentalproblemsarehigherindevelopingcountriesduetopoorlegalframeworks.The
strong legal system in developed countries ensures that firms confirms with environmental
compliance.However,theproblemforthefirmistosatisfyenvironmentalresponsibilitythatis
adynamicgameprocessbecausethegovernmenthasachoicetointroduceornottointroduce
the green regulation. Whereas, the firm does not have a choice of fulfilling environmental
responsibility and non-compliance with environmental responsibility because when the
governmentintroducethemechanismtosustaintheenvironment,thenfirmhavetofollowif
firmdon’tfollowthegovernmentregulations,thefirmwillfacefineimposedbythegovernment.
However,civilsocietyhasachoicetoinfluenceornottoinfluencethegreenmechanismfor
environmentalsustainability.So,thegameprocessisasignificanttheoreticaltooltoachievethe
balancesituation.

Accordingtotheaforesaidassumptionsandpayoffs,thisstudydevelopsamodelbasedonadynamic
gametheoryamongthegovernment,thefirmandcivilsocietyusingthedynamicgameofcomplete
information.Thedynamicgameinvolvesthecooperativegamebetweenthegovernment,firmand
civilsociety.Thespecificdynamicgamemodelisasfollows:

Behavior of Participants and their Subsequent Probability

1. The Government:Introducegreenregulations,theprobabilityis(r)andNo-greenregulation,
theprobabilityis(1-r).

2. Firm:Fulfillitsenvironmentalresponsibilitytheprobabilityis(p)anddonotfulfillenvironmental
responsibility(1-p).

3. Civil Society:ifplayroleforenvironmentsustainability,theprobabilityis(q)andnottoplay
role,theprobabilityis(1-q).

Inorder toderive theutilityfunctionofeachparticipant, thestudyusedthegametreemodel to
analyzeit(Figure1).Baseduponthedynamicgameamongthegovernment,firmandcivilsociety,
agametreeforenvironmentalsustainabilityisshowninFigure1.

Usingthegametree(Figure1),thestudyalsousedgamematrixanalysisofthepartiestodetermine
theutilitymatrixasshowninthetable1,from(I)to(VIII)below.

Thefunctions(I)to(VIII)aretheutilitymatrixofallparticipants.Thefirstpartistheutilityof
thegovernment;thesecondisfirmutilityfunctionsandthirdistheutilityfunctionsofcivilsociety.

Aftertheestablishmentofagametreeandpayoffmatrix,itisnecessarytosolvethedynamic
gametoreachequilibriumsolution.Sincetheorderofthegamestageisgovernment–firm–civil
society,however,itisnecessarytosolvethepayoffsolutionofthefirmfirstduetoitsimportancein
allprocess.Theoptimalsolutionofthegovernmentandcivilsocietyarealsobeingobtained.Finally,
theoptimalsolutionofallthreeparticipantsistheequilibriumsolutionofthedynamicgamemodel.
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Equilibrium Analysis
Theequilibriumsolutionofthedynamicgamecanbesolvedbythegametreeandtheincomematrix.
Theequilibriumsolutionisbeinganalyzedasfollows:

1. TheExpectedReturn/UtilityFunctionoftheFirm

Figure 1. Game tree based on dynamic game of complete information
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Baseduponthepayoffmatrix,behavioroftheparticipantsandprobability,theexpectedpayoff
equationforthefirmcanbewrittentheasfollows:

Equation 1

Firm q r p E C q r p U E C

pqrC q r p

= −( ) −( ) −( ) −( ) − −( ) −( ) −( )
− − −( )
1 1 1 1 1 1 1

1 CC qr p U E C q rpC

q r p E C q r pC

− −( ) −( ) − −( )
+ −( ) −( ) −( ) − −( ) −( )

1 1 1

1 1 1 1 1 ���������



Theabove(equation1)isanexpectedutilityfunctionofthefirmwhichcanbesimplifiedbased
uponthedynamicgametheoryofcompleteinformationtogettheoptimalvaluefromthefunction.
Asthedynamicgametheorysuggeststhatpartialderivativeofthefunctioncanbecalculatedtoget
theoptimalvaluefromthefunction.Letcomputethepartialderivativeandletthembeequalto0:

Equation 2

Let

∂
∂

= − −( ) −( ) −( ) + −( ) −( )
− − −( ) − −(

Firm

p
q r E C q r U E

qrC q r C qrU E

1 1 1 1 1

1 1 )) − −( )
+ −( ) −( ) − −( ) −( ) =

C q rC

q r E C q r C

1

1 1 1 1 0��

.

Equation2issimplifiedandwegetthevalueasfollowsintheformofequation3:

Table 1. Payoff matrix

Government Business Society

I. EC 1−( )E C −C

II. −MC − −U E C( )1 UC K−

III. −UC −C UC K−

IV. C −C −K

V. − +U E C( )1 − −U E C( )1 2UC K−

VI. C −C −C

VII. ( )1+E C ( )1−E C −2C

VIII. 0 –C 0
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Equation 3

q
U C

=
+( )
1

1


2. TheGovernment’sExpectations

Based upon the payoff matrix, behavior of the participants and probability, the expected payoff
equationforthegovernmentcanbewrittentheasfollows:

Equation 4

Government q r p MC pqrUC q r pC

qr p U E C

�= − −( ) −( ) − + −( )
− −( ) +( ) +

1 1 1

1 1 1−−( )
+ −( ) −( ) +( ) + −( ) −( ) −( )

q rpC

q r p E C q r p EC1 1 1 1 1 1



Theexpectedpayofffunctionofthegovernmentcanbesolvedbytakingpartialderivativestoget
theoptimalvaluefromthefunction.Letcomputethepartialderivativeandletthembeequalto0:

Equation 5

Let 

∂
∂

= − + −( ) −

− −( ) +( ) + −( )
+ −(

Government

r
pq q p MC pqUC

q p U E C q pC

q

1

1 1 1

1 )) −( ) +( ) − −( ) −( ) =1 1 1 1 0p E C q p EC

.

Equation5issimplifiedandwegetthevalueasfollowsintheformofequation6:

Equation 6

p
C

=
1 

3. TheExpectedPayofffortheCivilSociety

Based upon the payoff matrix, behavior of the participants and probability, the expected payoff
equationforcivilsocietycanbewrittentheasfollows:

Equation 7

Civil Society q r p UC K qrp UC K q r pK qp p� = −( ) −( ) −( )+ −( )− −( ) + −( )1 1 1 1 22 1 2 1 1 1 1 1UC K q rpC q r p C q r p C−( )− −( ) − −( ) −( ) − −( ) −( ) −( ) .
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Theexpectedpayofffunctionofthecivilsocietycanbesolvedbytakingpartialderivativestoget
theoptimalvaluefromthefunction.Letcomputethepartialderivativeandletthembeequalto0:

Equation 8

Let 

∂
∂

= −( )− −( ) + −( ) −( )
+ −( ) −( )

civil society

q
rp UC K q pK r p UC K

q p

�
1 1 2

1 1 UUC K

rpC r p C r p C

−( )
+ − −( ) + −( ) −( ) =2 1 1 1 0



Equation8issimplifiedandwegetthevalueasfollowsintheformofequation9:

Equation 9

r
K

U
=

+1


Basedonthesubsequentanalysis,authorshaveaccomplishedthemaximumexpectedutility/returns
ofthecivilsociety,thegovernmentandfirm.Hence,basedonthedynamicequilibriumsolutionsof
thefirm,thegovernmentandcivilsociety,itcanbedrawnthreepropositions.

Proposition 1

Fromequation3, q
U C

=
+( )
1

1
,itcanbeinferredthattheintensityofpunishment,U,business

satisfiestheenvironmentalresponsibilitybypayingthecostofCandtheprobabilityofcivilsociety
toplaytheirrole(q)isinverselyproportional,WhenC,Uissmaller,theprobabilityqislarger,which
reflectsthatsmallerthepunishment,greatertheroleofcivilsocietyforenvironmentalsustainability.

Proposition 2

Theresultsfromequation6indicatethat r K

U
=

+1
whichmeanshigherthelevelofpunishment,

thehighertheprobabilityofgovernmentintervention,whichenhancetheroleofthegovernmentfor
environmentalsustainability.But,italsoreflectsthattheappropriateincreaseinpenaltiesreduces
theroleofgovernmentintervention.Itmeans,whenenvironmentalcostforsocietyishigher,and
thentheroleofthegovernmentisalsohigherfortheimplementationofenvironmentalresponsibility
andpunishment.

Proposition 3

Theoptimalpointequation9 p
C

=
1 showsthatifthecostofenvironmentalresponsibilityislow,

theprobabilityoffirmtofulfilltheenvironmentalresponsibilityishigher.Inreallife,thehighcost
ofenvironmentalresponsibilityisthemainreasonthatthefirmdoesnotfulfilltheenvironmental
responsibility.Underthehighcost,thefirmoftenhasthephenomenonofbriberytothegovernment
othermeanstoavoidtheenvironmentalresponsibility.
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dISCUSSIoN

Baseduponthesubsequentanalysis,thispaperarguesthattopromotetheenvironmentalresponsibility,
policymakerworldwideshoulddesignandenforcegreenregulations.However,fortheenforcementof
greenregulations,governmentsshouldengagecivilsocietyandincreasetheirroleforsupervision.The
coordinationwiththecivilsocietyandgivingthemrighttomonitortheenvironmentalresponsibility
ofthegovernmentandfirmisproposedinthecontextofdevelopingcountries.Becauseinthecontext
ofdevelopedcountries;theenforcementsoflawsarealreadystrong,whichensuresthatfirmfollow
the environmental regulations. As discussion from the subsequent part has highlighted that the
governmentandfirmarethemainparticipantsthatarecreatingworseconditionsfortheenvironment.
However,duetopovertyandlowlevelofeducationindevelopingcountries,thecommonpublicis
unawareandcan’tbeinfluentialforenvironmentalsustainability.Thus,theroleofcivilsocietyshould
bestrengthenedtocopewithenvironmentalissuesinthesecountries.Moreover,thedistributionof
environmentalresponsibilitycostshouldbereasonable.Theaboveanalysishasindicatedthatthe
probabilityofthefirmtofulfilltheirenvironmentalresponsibilitydependsupontheenvironmental
cost.Inreallife,thehighcostofenvironmentalresponsibilityisthemainreasonthatthefirmdoes
notfulfilltheenvironmentalresponsibility.Underthehighcost,thefirmoftenhasthephenomenon
ofbriberytogovernmentofficialsanduseothermeanstoavoidtheenvironmentalresponsibilityin
thecontextofdevelopingcountries.Thegovernmentcollectstaxesfromacommonmanandalso
fromthefactoriesindevelopedanddevelopingcountries.Therefore,thegovernmentsindeveloping
countriesshouldcompensatefirmssimilartodevelopedcountries,sothatfirmscanbearenvironmental
responsibilityhappilyanddon’ttrytofindunacceptablewaystoavoidenvironmentalresponsibility.

Asthegovernmentregulatesandcontroltheenvironmentalsysteminthecountry,soitsrole
isthemostcrucialforenvironmentalsustainability.So,itistheresponsibilityofthegovernmentto
playtheroleforenvironmentalsustainability.Thegovernmentsindevelopingcountriesshouldnot
onlyintroducegreenregulations,butitshouldalsofacilitatethefirmslikefirmsarefacilitatedin
developedcountries.Furthermore,itcanbeseenthatifthefirmhastherealizationofenvironmental
responsibility,thepressureofsocialsupervisionwillbesmaller;thesupervisioncostisalsolow.Thus,
fromtheperspectiveofstrengtheningenvironmentalresponsibility,theimportantmeanscanbeto
promoteenvironmentalresponsibility,suchasthegovernmentsindevelopingcountriescanemphasize
on publicity and education related to environmental responsibility. Moreover, the governments
indevelopingcountriescanencouragefirmstoplaytheirroleforenergysavingandreductionin
carbonemissions.Further,inordertostimulatetheenthusiasmoffirmstofulfilltheirenvironmental
responsibilities,thegovernmentcanmakefirmsrealizethatenvironmentalresponsibilityhelpsto
improvetheircorporatereputation.Itisconducivetolong-termsustainablecompetitivenessoffirms
toupgrade,soitcanalsoreducethesupervisionofthegovernmentandcivilsocietyefforts.Whenthe
firmrealizestofulfillitsenvironmentalresponsibility,itwillbethewin-winsituationforallplayers.

CoNCLUSIoN ANd PoLICy IMPLICATIoNS

The decision-making process seeks consensus among scholars and practitioners in providing an
outline/mechanismtocopewithglobalenvironmentalissues.Policymakersworldwidepreferthe
mechanismsthatprovidequickandreliableroadmapforpolicyformulation.However,thereisalso
aconsensusthatthereisnomechanismavailablethatcanhelpinpolicyformulationtocopewith
environmentalissuesinthecontextofdevelopingcountries.Therefore,thisstudyhasbeendesigned
toputforwardagametheory-basedmechanismthatoutlinestheroleofthegovernment,firmand
civilsocietytoensuretheenvironmentalsustainabilityforfuturegenerations.Inthisstudy,weused
adynamicgame theoryof complete information tounderstand theequilibriumsolutions for the
government,firmandcivilsocietytoprovidethebasisforpolicymakerstounderstandhowand
whenthegovernment,firmandcivilsocietymustinterveneandplayavitalroleforenvironmental
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sustainability.Basedupontheequilibriumanalysis,thestudyhashighlightedthatwhenthepunishment
fornon-compliancewithenvironmentalresponsibilityissmaller,theroleofcivilsocietywouldbe
higherforenvironmentalsustainability.Ontheotherhand,whentheenvironmentalresponsibility
costishigher,thentheroleofthegovernmentisalsohigherfortheimplementationofenvironmental
responsibilityandtoensurethepunishment.However,wefoundfrommodelanalysisthatifthecost
islow,theprobabilityoffirmtofulfillenvironmentalresponsibilityishigher.Inreallife,thehigh
costofenvironmentalresponsibilityisthemainreasonthatthefirmdoesnotfulfillenvironmental
responsibility.Underthehighcost,thefirmoftenhasthephenomenonofbriberytogovernment
institutionsandothermeanstoavoidenvironmentalresponsibility.

Thestudyprovidesvaluablesuggestionsforpolicymakersworldwide.Basedupontheequilibrium
analysisandscientificliterature,thisstudyhashighlightedthatthereisapoorframeworkoflegislation
forenvironmentalissuesinthecontextofdevelopingcountriesascomparetodevelopedcountries.
Therefore,thefirstimplicationfromthisstudyisthatpolicymakersworldwideshouldemphasize
onintroducinggreenregulationstocopewithenvironmentalissuesandalsothegovernmentshould
ensuretheimplementationofgreenregulations.Moreover,thegovernmentshouldstrictlypenalize
thefirmsthosearenotfollowingthegreenregulations.Forthispurpose,thegovernmentcanalso
engagethecivilsocietytoensuretheimplementationofgreenregulation.But,thegovernmentmust
includetheroleofcivilsocietyingreenregulations;otherwiseitwouldnotbeeasytoengagecivil
societyforthepurposeofenvironmentalsustainability.

Incaseofdevelopingcountriesworldwide,onlyfewindustrieshavetheirownrecyclingplantsto
recyclethewastageoftheirfactories.Forexample,inthecontextofPakistan,adevelopingcountry,
thegovernmentshouldtakestrictactionstotheiremissionsandwastageaccordingtotheNEQSunder
the1997Acttosustaintheenvironmentforfuturegenerations.Ifanyindustryviolatestherulesof
thecountryandcreateharmfulconditionsfortheenvironment,shouldbepunishedwithheavyfine.
Inaddition,creatingpublicawarenessthrougheducationcanalsoimproveenvironmentalconditions
inworldwide.
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