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ABSTRACT

ThisstudyexaminesthecausalityrelationshipsbetweenFDI,economicgrowth(intermsofGDP)
andthenaturalenvironment,intermsofCO2emissionsandenergyconsumption,alongwithtwo
morevariablesofinteresti.e.,tradeopennessandtechnologygapinthecontextofIndia.Thedata
usedinthestudyisobtainedfromWorldDevelopmentIndicators(WDI)oftheWorldBankGroup
fortheperiod1980to2014.ThestudyemployedthedynamicmultivariateToda-Yamamoto(TY)
approachthatusesthemodifiedWald(MWALD)test.TheresultsshowthatFDIisneithercausing
economicgrowthnorisitbridgingthetechnologygapdirectlyinIndia.Theresultsalsoindicatethe
existenceofaPollutionHavenHypothesisinIndiaastheFDIiscausingenvironmentaldegradation,
i.e.CO2emissionsandenergyconsumption.Also,FDIis,thoughnotcausingGDPdirectly,butis
doingsoindirectlythroughCO2emissionsvalidatingtheexistenceofPollutionHavenHypothesis.
FDIiscausingtradeopennessinIndia,butthatopennessisagaincausingmoreFDIwhichisdoing
nogoodforIndia.
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1. INTRODUCTION

Globalisationofbusinesseshasmadeeconomicactivitiescrossalltheboundaries.Economicactivities
areroutedtoachieveextremeeconomicgrowth.Indiaisoneamongthedevelopingcountriesthat
areframingpoliciestohelpachieveeconomicgrowthbyencouragingandpromotingahugeamount
of business activities. At the same time, these activities become the causeofwhat is knownas
thegreenhousegas(GHG)emissions.Reducing theseGHGemissionsfromthehighlypolluting
emergingeconomieswithoutlimitingthepaceoftheireconomicdevelopmentisoneofthemost
populardebatesthathaveattractedglobalattention.Fourbasicfactorsareinvolvedintheprocessof
economicdevelopmenti.e.,humanandnaturalresourcesandbuildingupofcapitalandtechnology
(HitamandBorhan,2012).Thedevelopingcountriesrelymostlyontheforeigncapitalandtechnology
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fortheireconomicdevelopment.Overthelasttwodecades,FDIflowshaveconsiderablyincreased
allaroundtheworld(Sekeretal.,2015).AsperBokpin(2017),itislargelyconsideredthatFDIs
influencetheeconomicprospectsofrecipientnationpositively.Vuetal.(2006)alsofoundthatFDI
hasstatisticallysignificantpositiveeffectsoneconomicgrowthoperatingdirectlyandthroughlabor
productivity.Itisalsoconsideredthattechnologytransferprovidedbydevelopedcountriescontributes
totheproductivitygrowthindevelopingcountries(Xu,2000).InthewordsofBorenszteinetal.
(1998),FDIisanimportantvehicleforthetransferoftechnology,contributingrelativelymoreto
growththandomesticinvestment.AlthoughFDIisexpectedtoincreaselong-rungrowthinthehost
countryviatechnologicalupgradingandknowledgespillovers,theextenttowhichFDIisgrowth-
enhancingdependsonthedegreeofcomplementarityandsubstitutionbetweenFDIanddomestic
investment(DeMello,1999).Severalrelaxationsintaxes,environmentalstandardsandregulations
arebeingprovidedtoforeigninvestorstoincreasethelevelofeconomicactivitieswhich,ultimately,
areexpectedtobringeconomicgrowth.Marketsarethusmadeopentotheglobalinvestorsthrough
tradeliberalisationforthesakeofeconomicgrowth.Hence,theideaofpromotingandencouraging
hugeamountsofinvestmentsinbusinessactivitiesisconsideredgoodforanydevelopingcountry
likeIndia,butthereexistnegativeeffectsofsuchactivitiesonthenaturalenvironmentofthehost
countryasseveralmanufacturingprocessesmakemisuseofthenaturalresources.Investorsfrom
developedcountriesexploittheresourcesofdevelopingcountriesasthesecountrieshavefreetrade
policiesandrelaxedenvironmentallaws.Shao(2018)foundthatdirtyforeigninvestmentsflowto
low-incomecountries.ThereasonforthishefoundisthatintheabsenceofFDI-attractingfactorssuch
asinfrastructureandskilledlabor,low-incomecountriesuselaxenvironmentalregulationsandthese
low-incomecountriesemergeasinnocentpollutionhavensbecausetheycannotaffordthecostsof
implementingandmonitoringenvironmentalregulations.AsperElliotandShimamoto(2008),there
areconcernsthatlessdevelopedcountriescouldcompetitivelyundercuteachother’senvironmental
regulationstoattractFDI.Thismayresultinthesecountriesbecoming“pollutionhavens”,where
multinationalcorporations(MNCs)locateoperationsinordertosaveonenvironmentalrelatedcosts
(Blancoetal.,2011).Inthisscenario,theMNCsthathavemoretogainfromrelocatingarethose
inthemostpollutingintensiveor“dirty”industries.Indiaisoneamongthosecountriesthatstrive
forincreaseintheireconomicgrowth.Forthispurpose,Indiangovernmentcontinuestoemphasize
oncreatingfavourableoperatingenvironmentsforbothdomesticandforeigninvestorsthroughtax
reductions/exemptions,relaxedlabourlawsandnaturalenvironmentalregulations,etc.,butseveral
economicactivitiesinvolvehighlypollutingandecologicallyinefficientmanufacturingprocesses,
technologiesandfacilitiesthatledtoenvironmentaldegradationinseveralformslikepollutionofwater
bodies,toxicsubstancesemissions,deforestation,lossofbiodiversity,etc.Bokpin(2017)explained
thenegativeeffectsofhigherenvironmentaldegradationonthelabourhoursalsoasaresultofhealth
problems;andtheirconsequencesreducetheproductivecapacity.Increasedeconomicactivityisto
blameforsuchpatternsofenvironmentaldestruction.IndiaisthefourthlargesttotalGHGemitterin
theworldalthoughitisoneofthelowestpercapitaemittercountries(Alametal.,2011).Butstill,
developingcountries,includingIndia,commonlyheldaviewthatreductioninGHGemissionsmay
constrainteconomicgrowth.Hence,investigationofcausalityrelationshipsamongFDI,economic
growthandthenaturalenvironmentbecomescrucialinordertoformulatestrategiestocopeupwith
theglobalwarmingandclimaticinstability.Thispaperisanattempttostudythecausalrelationships
betweenthesevariableswithamultivariatedynamicapproachinIndiancontext.

2. EXISTING LITERATURE AND AUTHORS’ CONTRIBUTION

2.1. Existing Literature
SeveralstudieshavebeenconductedsofartoinvestigatetherelationshipbetweenForeignDirect
Investment(FDI)andtherelativeimprovementsintheEconomicGrowth(EG)ofthehostcountry.
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ThenumberofresearchersandacademicianswhosupportthefactthatFDIisthemajordriverof
EG,especiallyindevelopingcountries,isconsiderablyhigherthanthosewhoargueittobeuntrue.
ItisevidentinaliteraturereviewconductedbyAlmfraji&Almsafir(2014).Theyconcludedthat
previousstudieslargelyprovethatFDIbringspositiveeffectsonhostcountry’sEGandonlyina
fewcasesbringsnegativeornulleffects.Theyreviewedseveralfactorsofhostcountrythatmay
influenceFDI-EGrelationshipandfound that:adequate levelsofhumancapital,well-developed
financialmarketsandopentraderegimespositivelyaffectFDI-EGrelation;dependencyonforeign
investmentsandtechnicalgapcontributesnegatively;effectfromincomelevelisconflicting;and
attentionshouldbepaidtothequalityofpoliticalenvironment.Tofurtherelaboratetheirfindingthat
FDIhaspositiveeffectsonEGbutadependencyonforeigninvestmentsmayhavesomenegative
effects,itisneedfulheretoquotethefindingsofJorgensonetal.(2007).Intheirstudyof39less
developedcountries,includingIndia,theyfoundthatlessdevelopedcountriesthatlargelydependon
FDIinthemanufacturingsectorfortheirgrowthascomparedtodomesticinvestment,aremoreprone
tohigherpercapitalevelsofvariousnoxiousgasemissionsascomparedtolessdependenteconomies.
Theyconcludedthatforeigncapitalhasinherentmotivetoignoreenvironmentalconsequencesfor
maximumprofits.Thus,therearisesamoderatingroleofgoodgovernanceandqualityinstitutionson
theFDI-environmentrelationshipassuggestedbyBokpin(2017)intheAfricancontext.Asperhim,
FDIpromotionmustbedoneinarestrictedmannerwhilekeepingtheenvironmentalsustainabilityin
consideration;andgovernanceandinstitutionsmustbestrengthenedtoregulatethefirms’activities
asthepresenceofqualityinstitutionscanassuretheeffectsofFDIlessharmfultotheenvironment.
Shahbazetal.(2015)whileinvestigatingforhigh,middleandlow-incomecountriesalsosupported
enforcingstringentenvironmentallawsandprovidingmoreincentivestopollutingfirmsforabiding
legalemissionsstandardsinlow-incomecountries,thoughtheyincludedIndiainthemiddle-income
panelandsuggestedcommandandcontroltestwitheconomicincentivesforenvironmentalregulations.
Mehta (2002), inhis studyon the Indianmining sector,proposed Indiangovernment to include
codesofconductthatregulateandcontrolthebehaviouroflargecompaniesenteringIndiatoprevent
indiscriminateexploitationofnaturalresources.Healsoadvisedpreventingthetrendoflowering
theenvironmentalstandardstoattractFDI.Acharyya(2009)examinedtheimpactsofFDIonthe
GDPgrowthandCO2emissionsandfoundthatFDIdoeshaveapositivelong-runimpactonGDP
growthbutatthesametime,italsohasaquitelargepositiveimpactonCO2emissionstoo.Itclearly
signifiesthatasFDIincreases,theEGincreasesandatthesametimeriskfornaturalenvironment
increases.BaekandKoo(2008),intheirstudyontherelationshipbetweenFDIandenvironmentin
caseofChinaandIndia,alsofoundthatFDI-GDPhasapositivelongrunrelationship;andFDI-SO2
emissionstoohavepositivelong-runrelationshipwhichismainlyduetotheFDIinflowofpollution-
intensiveindustriesduetotheun-strictenvironmentalregulations.

TohavealookatthecurrentstateofFDI,economicgrowthandCO2emissionsinIndia,itis
importanttomentionherethatIndiaBrandEquityFoundation(IBEF,2018)isoftheopinionthat
IndiangovernmenthastakenmanyinitiativesinrecentyearssuchasrelaxingFDInormsacross
sectors such as defence, PSU oil refineries, telecom, power exchanges, and stock exchanges,
amongotherstoachievetechnicalknow-howandgenerateemployment.Asfarastheeffectsof
FDIoneconomicgrowthisconcerned,Indiaisthesecondhighestrankedemergingmarketinthe
top10inThe 2018 A.T. Kearney Foreign Direct Investment Confidence Index(Kearney,2018).If
alookistakenontheeffectsofFDIontheenvironmentofIndia,India’sCO2emissionsgrewby
anestimated4.6%in2017,despiteaturbulentyearforitseconomy;andgivenIndia’searlystage
ofeconomicdevelopment,lowper-capitaemissionsanditslargepopulation,thereissignificant
scopeforitsemissionstoincrease(Andrew,2018).

Various theories andhypothesis have been formulated inFDI-EG-Environment debate like;
Environmental Kuznets Curve (EKC) supporting the promotion of FDI for EG as growth will
furthercontributetosolutionforenvironmentalproblems(GrossmanandKrueger,1991;Shafikand
Bandyopadhyay,1992;Kuznets,1995);PorterHypothesissupportingFDIandstricterenvironmental
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regulationstoformthebasisforinnovationresultingintheincreasedcompetitivenessofthefirm;
PollutionHavenHypothesis(PHH)statingthatFDIpromotestheflowofpollutingindustriesfrom
developedcountriestolessdevelopedandpollutionhavencountriesasexplainedbyJohnsonand
Turner(2010).Thesetheorieshavegotseveralsupportsandcriticismsbyacademiciansdepending
onthescopeoftheirstudiesindifferentcountries’contexts(Cole,2004;HitamandBorhan,2012;
Avazalipouretal.,2013).

Thefinanceliteratureconsistsofawelldebatedrationalefortheneedofforeigninvestmentinless
developedcountriesduetoseveralbenefitsitprovidestothehostcountrye.g.bridgingtheinternal
resourceandsavingsgap,increasingmanagerialabilities,reducingforeignexchangeshortageand
improvingbalanceofpayment(Aliyu,2005).OneofthemajorbenefitsthatFDIisconsideredto
bringtothehostcountryisthetechnologytransfer(e.g.LiandLiu,2005;Xu,2000;andSchembri
andPetit,2009).SeveralstudieshavelinkedFDIwiththeenvironmentalpollutiononthebasisof
pollutionhavenhypothesisandhavetriedtofindoutthecausalrelationshipsamongthem(e.g.Seker
etal.,2015;Shahbazetal.,2015;Jorgensonetal.,2007;andBokpin,2017).Opennesstotradei.e.,
tradeliberalisationhasalsobeenusedasavariabletoexaminesuchrelationships(e.g.Choietal.,
2010).Energyconsumptionisconsideredavariableofutmostimportanceinthestudiesofcausal
relationshipsamongenvironmentalpollutionandeconomicgrowth.Severalstudieshaveusedenergy
consumptionasanendogenousvariabletoexaminesuchrelationships(e.g.Alametal.,2011;Choi
etal.,2010;andSekeretal.,2015).

2.2. Authors’ Contribution
Althoughithasbeenrecognisedthatrelationshipsamongenvironmentalpollution,foreigncapital
accumulation and economic growth indicators are of great importance in development theory
(Xepapadeas,2005)yet,thereisnosolidarityregardingthedynamiccausalrelationshipbetweenthem
inthesameframework,especiallyforIndiawithadynamicmultivariateapproach.WhileFDI’seffects
onEGandCO2emissionshavebeentestedseveraltimes(usingvariouscausalitytestingtechniques),
thereareonlyafewstudieswhichevaluatesthedynamiccausalityrelationshipbetweenthemalong
withafewotherimportantvariableslikeenergyconsumption,tradeliberalisationandtechnologygap
forIndiainparticular.Alametal.(2011)isoneamongsuchstudiesthattriestoexaminedynamic
causalrelationshipsbetweenincomegrowth,CO2emissionsandenergyconsumptionspecificallyfor
India.Themainfocusoftheirstudywas,however,onexaminingthecausalrelationshipbetweenonly
threevariables,asmentionedearlieri.e.,incomegrowth,CO2emissionsandenergyconsumption.
LinhandLin(2015)alsotriedtoexaminethedynamiccausalityrelationshipsamongCO2emissions,
energyconsumption,economicgrowthandFDIin12mostpopulousAsiancountriesincludingIndia,
buttheirstudydidnotapplytheTYapproachandwasfocusedonandlimitedtoafewvariables.In
thispaper,theauthorshavetriedtostudyawideraspectofthecausalrelationshipbetweenFDI,EG,
CO2emissionsandenergyconsumptionwhiletakingtheleveloftradeopennessandtechnologygap
asimportantvariablesinsuchrelationship.

Thestudyisimportantforatleastfourreasons.First,knowledgeontheeffectsofFDIonEGand
atthesametimeonnaturalenvironment(symbolisedbyCO2emissionsandenergyconsumption)of
India.Second,knowledgeontheroleoftradeopennessinFDI-EG-naturalenvironmentrelationship
(thoughChoietal.,2010usedtradeopennessasanimportantvariableinthisrelationship,stilla
dynamiccausalitytestingtechniquewasnotusedanditwasnotconcernedwithIndiaspecifically).
Third,knowledgeontheimportanceoftechnologygapinFDI-EG-naturalenvironmentrelationship.
Thisistheuniqueandimportantpartofthestudybecausethevariable‘technologygap’,tothebest
of authors’knowledge,hasnever everbeenused in examining theFDI-EG-natural environment
relationshipwithadynamicmulti-variateapproach.Fourth,thedataofrecentyearshasbeentaken
fortheexaminationofsuchcausalrelationshipswhichmakesthestudyoneofthelatestinitsfield
forIndia.
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ThisstudyexaminesthecausalrelationshipamongFDI-EG-naturalenvironmentforIndiawitha
dynamicmultivariateToda-Yamamoto(TYhenceforth)approachfortheperiod1980-2014(35years).

3. THE MODEL AND THE METHODOLOGy

3.1. The Model
Initially,thestudyusesalinearregressionmodeltoexaminetherelationshipbetweenFDI,economic
growthandenvironmentaldegradationinIndiaduring1980-2014.CO2emissionsaretakenasthe
representativeofenvironmentaldegradationasCO2emissionisconsideredthemaincauseforglobal
warmingandclimaticinstability(IPCC,1996)andisconsideredthemajorglobalpollutant.The
initialmodelis:

CO f GDP FDI OPEN EC TG
2
= ( ), , , ,  (1)

andtheequationofthemodelis:

lnCO lnGDP lnFDI OPEN lnEC TG
t t t t t2 0 1 2 3 4 5
= + + + + +β β β β β β( ) ( ) ( ) ( ) ( )

tt t
u+  (2)

where,CO
t2

iscarbondioxideemissionspercapita(metrictons);GDPtisgrossdomesticproduct
percapita(currentUS$);FDItisnetinflowsofforeigndirectinvestment(BoP,currentUS$);OPENt
isameasureoftradeliberalisation;ECtisenergyconsumptionorenergyusepercapita(kgofoil
equivalent);TGtisameasureoftechnologygap;andutistheerrortermorthestochasticrandom
variable;allattimet.

FollowingChoietal.(2010),tradeliberalisationattimeti.e.,OPENtismeasuredasthesumof
importsandexportsasapercentoftotalGDPinagivenyearasfollows:

OPEN IMP EXP
t t t
= +  (3)

where,IMPtisimportsofgoodsandservices(%ofGDP)andEXPtisexportsofgoodsandservices
(%ofGDP)attimetandConsistentwithLiandLiu(2005),technologygapismeasuredasfollows:

TG
GDP GDP

GDPt

max t

t

t=
−

 (4)

where,GDP
maxt

istheGDPpercapita(currentUS$)oftheUnitedStatesofAmerica(USA)attimet.

GDPofUSAisusedasGDP
max

i.e.,thehighestGDPintheworldbecausetheeconomyofUSA
ranks1stintheworldintermsofGDPasperGDPRankingTable(WorldBankGroup,2016).Inthe
sametable,theeconomyofIndiaranks7th.Thus,thereisahugegapintheGDPofboththeeconomies.
ThisgapinGDP,orinfinalgoodsandservicesproduced,isattributedtothegapintechnologyused
inboththeeconomiesbecausetheproductionandeconomicgrowthlargelydependsonthequality
oftechnologyinvolved.Thismeasure,thus,indicatesthattheGDPgapinboththeeconomiesis
becauseofthenewandadvancedtechnologyusedbyUSAwhichIndialacks.Arelativemeasureof
technologygaphasbeenusedinthestudy.Thisgapnotonlyaffectstheproductionoutcomebutalso
affectstheenvironmentduetoseveralecologicallyinefficientprocessesinvolvedinproduction.Also,
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inthewordsofGandolfo(1998),technologygapistheadvantageenjoyedbythecountrythatintroduces
newgoodsasaconsequenceofresearchactivityandentrepreneurship,newgoodsareproducedand
theinnovatingcountryenjoysamonopolyuntiltheothercountrieslearntoproducethesegoods:in
themeantimetheyhavetoimportthem.

3.2. Data
Thedataonallthevariablesusedforthisstudy(fortheperiod1980-2014)issourcedfromoneof
thegloballyreliablesourcesi.e.,WorldDevelopmentIndicators(WDI)ofWorldBankGroup(2016)
DataReportsforIndia.Thereasonbehindselectingthestartyearas1980istocoverandmonitorthe
causalityrelationshipsfromatleast10yearspriorto“TheLiberalisation”thattookplaceinIndia
inthe1990s.Dataiscollecteduptoyear2014becauseoftheavailabilitylimitations.Also,inthe
endoftheyear2014,the“MakeinIndia”programwaslaunchedthatraisedtheextentofeconomic
activitiesandtheresultingenvironmentaldegradationinIndiaandsuchsuddenincreasewouldhave
givenmisleadingresultsastheeffectsof“MakeinIndia”programmewilltakeyearstoreflectthe
truepicture.

3.3. The Methodology
ThemaineconometricsmethodologyusedinthispaperistheModifiedWald(MWALD)testproposed
byTodaandYamamoto(1995).Thoughthereareseveralmethodologiesintheliteraturefortesting
causalitysuchasGranger(non-)causality(EngleandGranger,1987),Simscausality(1972)and
causality in Johansenand Juselius (1990)ErrorCorrectionMechanism (ECM),TYmultivariate
approachfortestingthecausalityhasitsadvantagesovertheothertests.Itcanbeusedevenwhenthe
variablesareintegratedofdifferentorders.ItrequirestheestimationofanaugmentedVectorAuto-
Regression(VAR)irrespectiveofwhetherthetimeseriesisintegratedorcointegrated(Ahmed,2015).
Ifthesystemhasaunitroot,theconventionalOLS(OrdinaryLeastSquare)ofVARinlevel-based
Waldstatisticshavenon-standardasymptoticdistributionthatmayinvolveannoyingparameters(Toda
andPhillips,1993).TYprocedureputrestrictionsontheparametersofVAR(l)fromanaugmented
VAR(l+imax)model,wherelistheoptimallaglengthandimaxisthemaximumorderofintegration
ofvariables(Alametal.,2011).TheVAR(l+imax)modelinTYapproachiswrittenas:

y y y
t t l i t l i tmax max

= + +…+ +− + − +( )α β β ε
1 1

 (5)

whereytconsistsofKendogenousvariables,αisavectorofinterceptterms,βarecoefficientmatrices
andεtarewhitenoiseresiduals.ThenullhypothesisinTYcausalityisbasedonzerorestrictionon
firstlparameters(H0: β1 = … = βl = 0)ofthekthelementofyt.Untill ≥ imax,themodelisvalid
(KuzozumiandYamamoto,2000).

3.4. The Sequencing of the Tests Performed
Atfirst,agraphicalrepresentationofthedataseriesismade.Next,theappropriatemaximumlag
length(l)forthevariableshasbeenchosenforthestudy.AVAR(l)inlevelsofthedataisthenset
upincludinganinterceptineachequation.TheresidualswerethenexaminedtoseewhethertheVAR
inlevelsiswellspecified.ARRootsTableandARRootsGraphareusedtoexaminethestability
oftheVARmodelsoformed,WhiteHeteroskedasticity(NoCrossTerms)testisusedtoexamine
homoskedasticityamong the residualsandnormalityamongresiduals isexaminedwith thehelp
ofJ-B(Jarque-Bera)statisticthroughsquarerootofcorrelation(Doornik-Hansen)method.Serial
CorrelationLagrange’sMultiplier(LM)testisusedforexaminingserialindependenceamongthe
residuals.Themaximumorderofintegration(imax)ofthevariablesisthenobtainedwiththehelpof
unitroottests.Allunitroottestswithanoptimallaglengthareperformedwithdeterministicelements
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i.e.atimetrendandaconstantbasedonthegraphicalrepresentationofallthedataseries.Theunit
roottestsperformedinthestudyincludeAugmentedDickeyFuller(ADF)unitroottest,Phillips-
Perron(PP)unitroottestandKwiatkowski-Phillips-Schmidt-Shin(KPSS)unitroottestforobtaining
robustresults.Next,Autoregressive-DistributedLag(ARDL)Boundstest,acointegrationtechnique
isusedtodetermineanycointegratingequationsamongthevariablessothatanErrorCorrection
Term(ECT)canbeintroduced.Finally,alevelsVARmodelisre-estimatedwithimaxadditionallags
(i.e.,l+imaxlagsintotal)ofeachofthevariablesintoeachoftheequationstoexaminethecausality
amongvariables.

4. RESULTS AND DISCUSSIONS

4.1. Graphical Representation of Data Series
Figure1providesthegraphicalrepresentationofallthevariablesofinterest.

4.2. Optimal Lag (l) Selection
Thevariousinformationcriteriasuggestthatamaximumlaglengthof2foreachvariableshouldbe
usedinthestudy(Figure2),i.e.l=2.

4.3. Residual Diagnostics of VAR (l) at Level
AVAR(2)modelinthelevelsofthedata,includinganinterceptineachequationisthensetup,as
l=2here.TheresidualswerethenexaminedtomakesurethattheVARiswellspecified.Resultsof
thevarioustestsperformedontheresidualsareshowninTable1andFigure3.Theestimatedmodel
isdynamicallystableasshownbytheARRootsGraph(inFigure3)belowandthe information
providedbytheARRootstable(inTable1).ThenullhypothesisunderWhiteHeteroskedasticity(No

Figure 1. Graphical representation of all the data series
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CrossTerms)is“noheteroskedasticity”whichcannotberejectedintheresults.Thenullhypothesis
underJ-BstatisticsofSquarerootofcorrelation(Doornik-Hansen)testis“residualsaremultivariate
normal”thattoocannotberejectedintheresults.NullhypothesisunderSerialcorrelationLMtest
is“noserialcorrelationexists”thatagain,cannotberejected.Thus,theresidualsarefoundtobe

Figure 2. Optimal lag selection

Table 1. Diagnosis test results of VAR (2) in levels

Diagnostic Test Test Statistic p-Value

VARStability(ARRootsTable) Norootliesoutsidetheunitcircle -

WhiteHeteroskedasticity(NoCrossTerms) 513.0124 0.3809

J-Btest(Doornik-Hansen) 7.198507 0.8442

SerialCorrelationLM(withl=2) 45.37129 0.1361

Figure 3. AR roots graph
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homoskedastic,normallydistributedandfreefromserialcorrelationandthemodelisfoundtobe
stablewith2lags.Thus,optimumlagisselectedtobe2i.e.,l=2inthisstudy.

4.4. Selection of Maximum Order of Integration (imax) Through Unit Root Tests
DickeyandFuller(1979,1981)devisedaproceduretotestfornon-stationarityknownastheDickey-
Fuller(DF)unitroottestandthenanAugmentedDickeyFuller(ADF)unitroottestthathasbeen
usedinthestudytoobtainmaximumorderofintegration(imax)ofthevariables,beforeestimatingthe
TYmodel,alongwiththePPunitroottestasPhillipsandPerron(1988)statesthatADFunitroot
testunderrejectswhenthedataseriesaresubjecttoboth:adeterministictrendandanexogenous
shockthatcausesstructuralbreak.KPSSunitroottestisalsoperformedonthevariables(tohavea
cross-check)forstationaritytogetrobustresults.ThenullhypothesisunderADFandPPunitroot
testis“thevariablehasaunitroot”i.e.,thevariableisnon-stationarywhereas,nullhypothesisunder
KPSSunitroottestis“thevariableisstationary”.Throughthegraphicalrepresentationofthedata
series,itbecomesevidentthatalltheserieshasatrendandtheydonotevolvearoundzeromean,
theyactuallyfluctuatearoundsomeothermean.Thus,deterministicelementsi.e.atimetrendand
aconstanthavebeenincludedintheunitroottests.Table2displaysthep-valuesofADF,PPand
KPSSunitroottestsresultsforthedataseriesofallthevariablesatlevelsandatfirstdifferences.

TheADFunitroottestresultsindicatethatlnCO2,lnGDP,OPEN, lnECandTGarenon-stationary
atlevelbutareintegratedoffirst-orderi.e.I(1)at1%significancelevelwhereas,lnFDIisstationary
i.e.I(0),at10%significancelevelandvirtuallyat5%significanceleveltoo.So,maximumorderof
integrationasperADFunitroottestis1.

ThePPunitroottestresultsindicatethatlnCO2,lnGDP,OPEN, lnECandTGarenon-stationary
atlevelbutareintegratedoffirst-orderi.e.I(1)at1%significancelevelwhereas,lnFDIisstationary
i.e.I(0),at10%significancelevel.So,maximumorderofintegrationasperPPunitroottestis1.

TheKPSSunitroottestresultsindicatethatlnGDP, OPEN, lnECandTGarestationaryi.e.,
I(0)butlnCO2andlnFDIareI(1).So,maximumorderofintegrationasperKPSSunitroottestis1.

Concludingalltheunitroottestsperformedonthevariables,imaxhasbeendeterminedas1i.e.,
imax=1inthisstudy.

4.5. ARDL Bounds Test of Cointegration
FromtheresultsofADFandPPunitroottestsperformedabove,itisconcludedthatallthevariables
areintegratedoffirstorderi.e.,I(1)exceptlnFDIwhichisstationaryi.e.,I(0)butnoneisfound
tobeintegratedofsecondorderi.e.,I(2).KPSSunitroottestalsoindicatedthatthevariablesare

Table 2. ADF, PP and KPSS unit root tests results

Variable
ADF

Order of 
Integration

PP
Order of 

Integration

KPSS
Order of 

IntegrationAt Level At First 
Difference At Level At First 

Difference At Level At First 
Difference

lnCO2 0.7989 0.0004*** I(1) 0.7048 0.0004*** I(1) 0.096753* 0.107638 I(1)

lnGDP 0.9108 0.0003*** I(1) 0.9108 0.0003*** I(1) 0.173632 - I(0)

lnFDI 0.0515** - I(0) 0.0582* - I(0) 0.077803* 0.147704 I(1)

OPEN 0.4058 0.0002*** I(1) 0.4058 0.0002*** I(1) 0.178056 - I(0)

lnEC 0.9948 0.0011*** I(1) 0.9883 0.0009*** I(1) 0.154433 - I(0)

TG 0.8956 0.0002*** I(1) 0.8956 0.0002*** I(1) 0.179570 - I(0)

Note: ***, ** and * indicate significance level at 1%, 5% and 10%, respectively
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eitherI(0)orI(1)butneitherisI(2).Inthiscondition,ARDLboundstestingmethodologyofPesaran
andShin(1999)andPesaranetal.(2001)ispreferredtotestforanycointegratingequationamong
variables.ThistechniqueispreferredaboveJohansen(1988)cointegrationtechniquebecauseJohansen
cointegrationtechniquecanbeappliedonlywhenallthevariablesareintegratedofsameorderi.e.,
I(1)butARDLboundstestingtechniquecanbeusedwithamixtureofI(0)andI(1)data.Ageneral
ARDLmodeliswrittenasfollows:

∆ = + ∆ + + + +
=

−
=

− − −∑ ∑Y y x y x
t

i

k

i t i
i

k

i t i t t t
β β δ ϕ ϕ µ
0

1 0
1 1 2 1

 (6)

where βi and δi are short-run coefficients; φ1 and φ2 are ARDL long-run coefficients; μt is the
disturbancetermandkisthenumberoflags.

AnARDLmodeloflag1wassetupwhichwasfoundtobedynamicallystable(Figure4
basedonRecursiveEstimates,CUSUMtest)andfreefromautocorrelation(SerialCorrelation

LMtest’sp-value=0.1791)buttheWaldtestforcoefficientrestrictionsshowedtheF-statistic
of 2.202614 which is lesser than the lower bound value of Pesaran’s Table at 5% critical
value.Hence,thenullhypothesisof“nocointegration”cannotberejected.Thus,therewas
nocointegrationfoundamongvariables(andhence,noECTwillbeintroduced),butasper
Giles (2011), cointegration result doesnot affect the final results of the causality analysis
underTYmultivariateapproach.

Figure 4. CUSUM test for model stability
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4.6. Granger Causality
Finally,aVARmodelinlevelsisthensetupagainbutwith1additionallag(i.e.,l+imax=2+1=3
lags)ofeachofthevariablesintoeachoftheequationsthistimeasimaxis1.Thelagintervalforthe
endogenousvariablesislefttobeat1to2,andtheextra(3rd)lagofeachvariableisdeclaredtobean
exogenousvariable.ThemodelinEquation(5)canbewritteninsixdifferentequationsi.e.forallthe
sixvariablesunderconsideratione.g.forthevariablelnCO2,theequationcanbewrittenasfollows:

ln ln ln ln
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t t t j
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(7)

Similarly,theotherfivedifferentequationscanbewrittenforallthefiveremainingvariables
underconsideration.InthewordsofGiles(2011),thecoefficientsofextralagswillnotbeincluded
whenthesubsequentWaldtestsareconducted.Ifthelagintervalwouldhavebeenspecifiedtobe
from1to3,thenthecoefficientsofallthreelagswouldhavebeenincludedintheWaldtests,and
thiswouldhavebeenincorrectastheWaldteststatisticwouldnothavehaditsusualasymptoticchi-
squarenulldistribution.Granger(non-)causalityisthentestedusingastandardWaldtestwiththe
hypothesisthatthecoefficientsof(only)thefirstllaggedvaluesofvariablesarezerointheequations
oftheothervariables.ItisimportanttonotethattheWaldteststatisticswillbeasymptoticallychi-
squaredistributedwith2degreesoffreedomunderthenullandtheextralagthatwasintroducedby
addingimaxtol,isnotincludedinthetestresults.RejectionofthenullimpliesarejectionofGranger
(non-)causalityi.e.,arejectionsupportsthepresenceofGrangercausality.

TheresultsoftheGranger(non-)causalitytestareshowninTable3andFigures5and6.Table
3providesthechi-squarestatsinformationwiththeircorrespondingp-valuesinparentheses.Tohelp
understandclearlytheresultsofcausalityrelationshipsfoundamongallthevariables,adiagramin
circularformisdrawnasshowninFigure5.Similarly,Figure6representsthediagramofvarious

Table 3. Granger causality results

Dependent 
Variable

MWALD Test Causality 
InferencelnCO2 lnGDP lnFDI OPEN lnEC TG

lnCO2 - 2.935485
(0.2304)

5.100266
(0.0781)*

0.176559
(0.9155)

3.418096
(0.1810)

4.003435
(0.1351) CO2←FDI

lnGDP 5.169558
(0.0754)* - 3.399969

(0.1827)
1.602100
(0.4489)

0.992909
(0.6087)

1.781919
(0.4103) GDP←CO2

lnFDI 4.213923
(0.1216)

7.838256
(0.0199)** - 6.829382

(0.0329)**
0.132292
(0.9360)

3.953737
(0.1385)

FDI←GDP
FDI←OPEN

OPEN 5.316818
(0.0701)*

5.908679
(0.0521)**

5.176256
(0.0752)* - 1.592658

(0.4510)
2.079663
(0.3535)

OPEN←CO2
OPEN←GDP
OPEN←FDI

lnEC 9.333615
(0.0094)***

11.67809
(0.0029)***

14.12163
(0.0009)***

1.767089
(0.4133) - 17.89066

(0.0001)***

EC←CO2
EC←GDP
EC←FDI
EC←TG

TG 6.114471
(0.0470)**

1.831321
(0.4003)

3.470185
(0.1764)

1.137118
(0.5663)

0.785265
(0.6753) - TG←CO2

Note: ***, ** and * indicate significance level at 1%, 5% and 10%, respectively; p-values are in parentheses; and ← denotes a uni-directional causality
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Figure 5. Causality relationships

Figure 6. Inter-relationships among variables
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inter-relationshipsfoundamongdifferentvariables.Althoughthemainaimofthestudyistoexamine
theeffectsofFDIoneconomicgrowthandnaturalenvironmentofIndiaandexaminethecausality
relationships between these three important variables only i.e., FDI, economic growth and CO2
emissions,butthestudywouldbeincomplete,orwecansay,theresultswillnotbeaccurateifone
willnottakeintoaccountotherimportantvariablesthatlargelyaffectthesethreevariablesunder
studyandnotmonitorthecausalityrelationshipsamongallofthesevariables.Thus,thereasonbehind
establishingtheseinter-relationshipsamongallthevariablesistogetanaccurateanddetailedcausality.

4.7. Findings in Detail
ResultsinTable4andFigures5and6showthatvariablesareformingseveralinter-linkedinter-
relationshipswithothervariables.The inter-relationships shown in1,2, and3 (inFigure6)are
almostsimilarandinter-linked.Similarly,inter-relationshipsshownin4,5,and6arealsosimilar
andinter-linked.Theexplanationsoftheserelationshipsareasfollows:

1. CO2-GDP-FDI:Thereisuni-directionalcausalityfromCO2toGDP,whichisaclearindication
thatthelevelofeconomicgrowthinIndiaislargelycausedbythedegradationinthenatural
environment.Uni-directionalcausalityfromGDPtoFDIsignifiesthatthelevelofeconomic
growth isoneof themaincausesofattracting foreigncapital inflows in India.Finally,uni-
directionalcausalityfromFDItoCO2representsFDIasoneof thecausesofenvironmental
degradation.Also,FDIisnotcausingGDPdirectlybutindirectlythroughCO2emissions;

2. CO2-OPEN-FDI:Thereisuni-directionalcausalityfromCO2toOPEN,whichindicatesthat
thetradeliberalisationinIndiaislargelycausedbythedegradationinthenaturalenvironment
i.e.,duetotheconcernabouttheenvironmentIndiahasmadeitsmarketsopenforfreetradein
thehopeofreceivinganynewcleanertechnologies.Bi-directionalcausalitybetweenOPENand
FDIsignifiesthatopenmarkets(likeeconomicgrowth)areoneofthemaincausesofattracting
foreigncapitalinflowsinIndiaandFDIbringsmoretradeopennessinIndianmarkets.Butagain,
FDIiscausingenvironmentaldegradation;

3. CO2-GDP-OPEN:Uni-directionalcausalitiesfromCO2toGDPandOPEN;anduni-directional
causalityfromGDPtoOPENindicatethatenvironmentaldegradationisdrivingtheeconomic
growthinIndiaandalsothiseconomicgrowthisbringingopennessinIndianmarkets;

4. CO2-GDP-TG-EC:Inter-linkeduni-directionalcausalityfromCO2toGDPandTGandultimately
fromGDPandTGtoECshowsthatenvironmentaldegradationdrivestheeconomicgrowthas
wellasthetechnologygapinIndia(couldbenegativelyorpositively)andthislevelofeconomic
growthandthegapintechnologyultimatelybecomethecauseofenergyconsumption.CO2is
notjustdirectlycausingenergyconsumptionbutalsothroughtechnologygapandincomegrowth
thatitdrives.Thisrelationshipcanbemadeclearbydividingitintotwopartsanddiscussing
themseparately;andthisiswhatfollowsnext;

5. CO2-GDP-EC: Environmentaldegradation in India isdriving the levelof economicgrowth
andultimatelythiseconomicgrowthbecomesthecauseofenergyconsumption,thoughenergy
consumptionisnotcausingCO2emissions;

6. CO2-TG-EC:EnvironmentaldestructionmakesIndiatolookforandadoptadvancedcleaner
technologiesineconomicactivitiesthatultimatelyaffectstheconsumptionofenergy.Thisresult
canbeseeninasensethatiftechnologygapiswidened,itmaycausemoreenergyconsumption;
onthecontrary,ifthistechnologygapisshortenedbynewerandcleanertechnologicalprocesses
andtechniques,therewillbelesserenergyconsumption;

7. GDP-FDI-OPEN:Uni-directionalcausalityfromGDPtoFDIandabi-directionalcausality
betweentradeopennessandFDIsignifythatitisthelevelofeconomicgrowthandtheopen
marketsinIndiathatisattractingmoreofFDIinflows.Also,thepresenceofFDIandthelevel
ofeconomicgrowtharecausingtradeopennessinIndianmarkets;
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8. FDI-CO2-TG-EC:Let’sseewhatFDIisbringingtoIndia.Itisevidentfromtheresultsshown
thatthereisuni-directionalcausalityfromFDItoCO2andEC.ThisresultindicatesthatFDIis
oneofthecausesofCO2emissionsandenergyconsumptioninIndia.And,asdiscussedearlier,
CO2 emissions are forcing Indiangovernment tominimise the technologygapbecause it is
causingmoreofenergyconsumption.

5. CONCLUSION AND RECOMMENDATIONS

This study investigates dynamic Granger (non-) causality relationship mainly among FDI,
economic growth and the natural environment of India while taking trade openness, energy
consumption and technology gap into consideration, using a multivariate and dynamic TY
approach,fortheperiod1980-2014.

ComparedtothepreviousstudyofAlametal.(2011)forIndia,inwhichthesamedynamic
multivariateTYapproachhasbeenusedbutfortheperiod1971-2006(36years),thisstudyprovides
muchwiderviewoftherelationshipamongFDI-EG-naturalenvironmentbytakingintoaccounttwo
moreimportantvariablesthataffecteconomicgrowthandnaturalenvironmenti.e.,tradeopenness
andtechnologygap.Alametal.(2011)foundabi-directionalcausalityamongCO2emissionsand
energyconsumption,whereas,thisstudyshowsauni-directionalcausalityfromCO2emissionsto
energyconsumption.ThereisnocausalityfoundfromenergyconsumptiontoCO2emissions.

TheresultsfromtheTYModelconcludemainlythatPollutionHavenHypothesis(PHH)does
exist incaseof India.The results show that India ismaking itsmarketsopen for free tradeand
FDIwiththehopeofincreasingeconomicgrowthandreducingtechnologygapwhichultimately
willreducetheenvironmentaldegradation.But,FDIisnotcausingeconomicgrowthintermsof
GDPdirectly,thoughitiscausingGDPindirectlythroughCO2emissions,validatingtheexistence
ofPollutionHavenHypothesisinIndia.FDIisevennotbridgingthetechnologygap,ormaybeit
isbridgingbutnotinthatproportioninwhichinflowsofFDIarecomingtoIndia.FDIisalsonot
reducingenvironmentaldegradationratheritisactingasoneofthecausesofCO2emissionsinIndia
thatsupports theexistenceofPollutionHavenHypothesis inIndia.Apart frombeingoneof the
causesofCO2emissions,FDIisalsocausingenergyconsumption.ThoughFDIismakingIndian
marketsopenforfreetradebutthatopennessisagainbringingmoreFDItoIndiaandhence,this
viciouscirclecontinuestomovefurther.Also,moreopennesstoIndianmarketsmaybemisusedby
domesticdirtyinvestorsthatlackadvancedandcleanertechnologiescausingCO2emissions;and
involvethemselvesindirtytrade(i.e.importandexportdirtygoods)thoughincreasingthelevelof
GDP.Hence,itisrecommendedthatregularchecksandvisitsmaybedonetothesitesofhighpolluting
industries.Emissionlimitsmustbedefinedforthepollutingindustriesandeveryeffortshouldbe
madetomakethemcomplywiththerules.Indiashouldalsolimititsopennessregardingexportto
andimportfromothercountries.Importofdirtygoodsmaybebanned,ifpossible,ormaybereduced
toacertainlimit.Similarly,‘exports’meansexcessproductioninthecountry,whichinturnwilluse
severalrenewableandnon-renewableresourcesandevenwastageofthemcausingenvironmental
pollution.Thus,strictmeasuresarerecommendedforIndiangovernmenttomakeacheckonthe
foreigninvestmentinflowsbecauseIndiaisexpectingcleanertechnologiesfromforeigninvestments
butisgettingenvironmentaldestructioninreturnevenafteropeningitsmarketsforfreetradeand
notevengettingthatlevelofeconomicgrowthasisexpectedfromtheforeigncapitalinflows.As
mentionedearlierthatdespitethenotablefindings,thestudyusedthedataforallthevariablesup
toyear2014aspertheavailability,whereasthe‘MakeinIndia’programofIndiangovernmentwas
launchedintheyear2014thatincreasedtheamountofeconomicactivitiesonalargescale.Hence
itsimpacts(bothnegativeandpositive)onallthevariablesarenottakenintoaccountthatmayhave
bothlongandshort-runeffectsontheeconomyaswellasthenaturalenvironmentofIndia.Authors
mayexpecttotaketheseimpactsintoconsiderationintheirfuturestudies.



International Journal of Asian Business and Information Management
Volume 11 • Issue 3 • July-September 2020

29

REFERENCES

Acharyya,J.(2009).FDI,GrowthandtheEnvironment:EvidencefromIndiaonCO2EmissionduringtheLast
TwoDecades.Journal of Economic Development,34(1),43–58.doi:10.35866/caujed.2009.34.1.003

Ahmed,S.F. (2015). Investigating thecausal relationshipbetweenFDIandeconomicgrowthusingToda-
YamamotoApproach:EvidencefromBangladesh.ELK Asia Pacific Journal of Finance and Risk Mangement,
6(3),35–49.

Alam,M. J.,Begum, I.A.,Buysse, J.,Rahman,S.,&Huylenbroeck,G.V. (2011).DynamicModelingof
CausalRelationshipbetweenEnergyConsumption,CO2EmissionsandEconomicGrowthinIndia.Renewable 
& Sustainable Energy Reviews,15(6),3243–3251.doi:10.1016/j.rser.2011.04.029

Aliyu,M.A.(2005).ForeignDirectInvestmentandtheEnvironment:PollutionHavenHypothesisRevisited.
Proceedings of the8th Annual Conference on Global Economic Analysis,Lubeck,Germany.AcademicPress.

Almfraji,M.A.,&Almsafir,M.K.(2014).ForeignDirectInvestmentandEconomicGrowth:LiteratureReview
from1994to2012.Procedia: Social and Behavioral Sciences,129,206–213.doi:10.1016/j.sbspro.2014.03.668

Andrew,R.(2018).GuestPost:WhyIndia’sCO2EmissionsGrewStronglyin2017.CarbonBrief.Retrieved
fromwww.carbonbrief.org

Avazalipour,M.S.,Zandi,F.,Saberi,R.,Hakimipour,N.,&Damankeshideh,M.(2013).TheImpactofFDIon
EnvironmentalResourcesinSelectedCountries(NON-OECD).International Journal of Research and Reviews 
in Applied Sciences,17(1),111–115.

Baek,J.,&Won,W.K.(2008).AdynamicapproachtotheFDI-environmentnexus:thecaseofChinaand
India.Proceedings of the 2008 Annual Meeting, American Agricultural Economics Association,Orlando,FL,
July27-29.AcademicPress.

Blanco,L.,Gonzalez,F.,&Ruiz,I.(2011).TheImpactofFDIonCO2EmissionsinLatinAmerica.Pepperdine 
University.

Bokpin,G.A.(2017).ForeigndirectinvestmentandenvironmentalsustainabilityinAfrica:Theroleofinstitutions
andgovernance.Research in International Business and Finance,39,239–247.doi:10.1016/j.ribaf.2016.07.038

Borensztein,E.,DeGregorio,J.,&Lee,J.W.(1998).HowDoesForeignDirectInvestmentAffectEconomic
Growth?Journal of International Economics,45(1),115–135.doi:10.1016/S0022-1996(97)00033-0

Choi,E.,Heshmati,A.,&Cho,Y.(2010).AnEmpiricalStudyoftheRelationshipsbetweenCO2Emissions,
EconomicGrowthandOpenness.IZA Discussion Papers.

Cole,M.A.(2004).Trade,thepollutionhavenhypothesisandtheenvironmentalKuznetscurve:Examiningthe
linkages.Ecological Economics,48(1),71–81.doi:10.1016/j.ecolecon.2003.09.007

DeMello,L.(1999).ForeignDirectInvestment-LedGrowth:EvidencefromTimeSeriesandPanelData.Oxford 
Economic Papers,51(1),133–151.doi:10.1093/oep/51.1.133

Dickey,D.A.,&Fuller,W.A.(1979).DistributionoftheEstimatorsforAutoregressiveTimeSerieswithaUnit
Root.Journal of the American Statistical Association,74(366),427–431.doi:10.2307/2286348

Dickey,D.A.,&Fuller,W.A.(1981).LikelihoodRatioStatisticsforAutoregressiveTimeSerieswithaUnit
Root.Econometrica,49(4),1063.doi:10.2307/1912517

Elliott,R.,&Shimamoto,K.(2008).AreASEANCountriesHavensforJapanesePollution‐IntensiveIndustry?
World Economy,31(2),236–254.doi:10.1111/j.1467-9701.2007.01088.x

Engle,R.,&Granger,C.W.J.(1987).CointegrationandErrorCorrection:Representation,Estimationand
Testing.Econometrica,55(2),251–276.doi:10.2307/1913236

19. Gandolfo,G.(1998).International Trade Theory and Policy: With 12 Tables.Springer.doi:10.1007/978-
3-642-61680-8

Giles,D.(2011,April29).TestingforGrangerCausality.Retrievedfromhttp://davegiles.blogspot.in/2011/04/
testing-for-granger-causality.html

http://dx.doi.org/10.35866/caujed.2009.34.1.003
http://dx.doi.org/10.1016/j.rser.2011.04.029
http://dx.doi.org/10.1016/j.sbspro.2014.03.668
http://www.carbonbrief.org
http://dx.doi.org/10.1016/j.ribaf.2016.07.038
http://dx.doi.org/10.1016/S0022-1996(97)00033-0
http://dx.doi.org/10.1016/j.ecolecon.2003.09.007
http://dx.doi.org/10.1093/oep/51.1.133
http://dx.doi.org/10.2307/2286348
http://dx.doi.org/10.2307/1912517
http://dx.doi.org/10.1111/j.1467-9701.2007.01088.x
http://dx.doi.org/10.2307/1913236
http://dx.doi.org/10.1007/978-3-642-61680-8
http://dx.doi.org/10.1007/978-3-642-61680-8
http://davegiles.blogspot.in/2011/04/testing-for-granger-causality.html
http://davegiles.blogspot.in/2011/04/testing-for-granger-causality.html


International Journal of Asian Business and Information Management
Volume 11 • Issue 3 • July-September 2020

30

Grossman,G.M.,&Krueger,A.B.(1991).EnvironmentalImpactsofaNorthAmericanFreeTradeAgreement.
NBER.

Hitam,M.B.,&Borhan,H.B.(2012).FDI,GrowthandtheEnvironment:ImpactonQualityofLifeinMalaysia.
Procedia: Social and Behavioral Sciences,50,333–342.doi:10.1016/j.sbspro.2012.08.038

IBEF.(2018).ForeignDirectInvestment(FDI).Retrievedfromwww.ibef.org

IPCC.(1996).Second Assessment on Climate Change. International Panel on Climate Change.Cambridge,
UK:CambridgeUniversityPress.

Johansen,S.(1988).StatisticalAnalysisofCointegrationVectors.Journal of Economic Dynamics & Control,
12(2),231–254.doi:10.1016/0165-1889(88)90041-3

Johansen, S., & Juselius, K. (1990). Maximum likelihood estimation and inference on cointegration- with
applications to the demand for money. Oxford Bulletin of Economics and Statistics, 52(2), 169–210.
doi:10.1111/j.1468-0084.1990.mp52002003.x

Johnson,D.,&Turner,C.(2010).International Business: Themes and Issues in the Modern Global Economy
(2nded.).NewYork:Routledge.doi:10.4324/9780203861615

Jorgenson,A.K.,Dick,C.,&Mahutga,M.C.(2007).ForeignInvestmentDependenceandtheEnvironment:
AnEcostructuralApproach.SocietyfortheStudyofSocial,54(3),371-394.

Kearny,A.T.(2018).The2018A.T.KearneyForeignDirectInvestmentConfidenceIndex.Retrievedfrom
www.atkearney.com

Kuznets,S.(1995).EconomicGrowthandIncomeInequality.The American Economic Review,45,1–28.

Kuzozumi,E.,&Yamamoto,T.(2000).Modifiedlagaugmentedautoregressions.Econometric Reviews,19(2),
207–231.doi:10.1080/07474930008800468

Li, X., & Liu, X. (2005). Foreign Direct Investment and Economic Growth: An Increasingly Endogenous
Relationship.World Development,33(3),393–407.doi:10.1016/j.worlddev.2004.11.001

Linh,D.H.,&Lin,S.M.(2015).DynamicCausalRelationshipsAmongCO2Emissions,EnergyConsumption,
EconomicGrowth andFDI in theMostPopulousAsianCountries.Advances in Management and Applied 
Economics,5,69–88.

Mehta,P.S.(2002).TheIndianMiningSector:EffectsontheEnvironment&FDIInflows.CCNM Global Forum 
on International InvestmentConference on Foreign Direct investment and the Environment,Paris,France,7-8Feb.

Pesaran,M.H.,&Shin,Y.(1999).Anautoregressivedistributedlagmodellingapproachtocointegrationanalysis.
InS.Strom(Ed.),Econometrics and Economic Theory in the 20th Century:The Ragnar Frisch Centennial 
Symposium.CambridgeUniversityPress,Cambridge.doi:10.1017/CCOL521633230.011

Pesaran,M.H.,Shin,Y.,&Smith,R.J.(2001).Boundstestingapproachestotheanalysisoflevelrelationships.
Journal of Applied Econometrics,16(3),289–326.doi:10.1002/jae.616

Phillips,P.C.B.,&Perron,P.(1988).Testingforunitrootintimeseriesregression.Biometrika,75(2),335–346.
doi:10.1093/biomet/75.2.335

Schembri,P.,&Petit,O.(2009).CleantechnologytransfersandNorth-Southtechnologicalgap:Animportant
issueforenvironmentalpolicies.Inter Economics,120,109–130.

Seker,F.,Ertugrul,H.M.,&Cetin,M.(2015).TheImpactofForeignDirectInvestmentonEnvironmental
Quality:ABoundsTestingandCausalityAnalysisforTurkey.Renewable & Sustainable Energy Reviews,52,
347–356.doi:10.1016/j.rser.2015.07.118

Shafik,N.,&Bandyopadhyay,S.(1992).Economicgrowthandenvironmentalquality:time-seriesandcross-
countryevidence.WorldBankPublications,904.

Shahbaz,M.,Nasreen,S.,Abbas,F.,&Anis,O.(2015).DoesForeignDirectInvestmentImpedeEnvironmental
QualityinHigh,MiddleandLow-incomeCountries?Energy Economics,1–35.

http://dx.doi.org/10.1016/j.sbspro.2012.08.038
http://www.ibef.org
http://dx.doi.org/10.1016/0165-1889(88)90041-3
http://dx.doi.org/10.1111/j.1468-0084.1990.mp52002003.x
http://dx.doi.org/10.4324/9780203861615
http://www.atkearney.com
http://dx.doi.org/10.1080/07474930008800468
http://dx.doi.org/10.1016/j.worlddev.2004.11.001
http://dx.doi.org/10.1017/CCOL521633230.011
http://dx.doi.org/10.1002/jae.616
http://dx.doi.org/10.1093/biomet/75.2.335
http://dx.doi.org/10.1016/j.rser.2015.07.118


International Journal of Asian Business and Information Management
Volume 11 • Issue 3 • July-September 2020

31

Shao,Y.(2018).DoesFDIaffectcarbonintensity?Newevidencefromdynamicpanelanalysis.International 
Journal of Climate Change Strategies and Management,10(1),27–42.doi:10.1108/IJCCSM-03-2017-0062

Sims,C.A.(1972).Money,incomeandcausality.The American Economic Review,62,540–552.

Toda,H.Y.,&Phillips,P.C.B.(1993).Vectorautoregressionsandcausality.Econometrica,61(6),1367–1393.
doi:10.2307/2951647

Toda,H.Y.,&Yamamoto,T.(1995).Statisticalinferencesinvectorautoregressionswithpossiblyintegrated
processes.Journal of Econometrics,66(1-2),225–250.doi:10.1016/0304-4076(94)01616-8

Vu,T.B.,Gangnes,B.,&Noy,I.(2006).IsForeignDirectInvestmentGoodforGrowth?:EvidencefromSectoral
AnalysisofChinaandVietnam.University of Hawaii at Manoa, Department of Economics.

WorldBankGroup.(2016).WorldDevelopmentIndicators2016.Retrievedfromhttp://databank.worldbank.
org/data/reports.aspx?source=2&country=IND#

WorldBankGroup.(2016).GrossDomesticProduct2016.Retrievedfromhttp://databank.worldbank.org/data/
download/GDP.pdf

Xepapadeas,A.(2005).EconomicGrowthandtheEnvironment.InHandbookofEnvironmentalEconomics
(Vol.1,pp.1219-1271).AcademicPress.

Xu,B.(2000).Multinationalenterprises,technologydiffusion,andhostcountryproductivitygrowth.Journal 
of Development Economics,62(2),477–493.doi:10.1016/S0304-3878(00)00093-6

Ritu Rana is currently enrolled as a PhD Scholar in the Department of Management & Humanities, National 
Institute of Technology (NIT) Hamirpur, Himachal Pradesh, India since 2016. She received her MBA (Finance 
and Marketing) and B.Com. (Foreign Trade) from Kurukshetra University, Kurukshetra, Haryana, India in 2006 
and 2003, respectively. She has also worked with Indian Institute of Foreign Trade (IIFT), New Delhi in 2013 as a 
Programme Associate. She writes and presents widely on issues of Foreign Direct Investment and its impacts on 
the economic growth and the environment of the host country. Her current research interests are in international 
business, economics, and sustainable development.

Manoj Sharma is currently working as an Assistant Professor in the Department of Management & Humanities, 
National Institute of Technology (NIT) Hamirpur, Himachal Pradesh, India. He received his PhD, M.Phil. (Econ.) 
and MBA from Himachal Pradesh University, Shimla, India. During his thirteen years of teaching and research, 
he has published more than twenty research papers in journals. He has also served various universities and 
institutions in different capacities and chaired technical sessions in national and international conferences. His 
areas of interest are international business, applied economics, environmental economics, service marketing, and 
transportation management.

http://dx.doi.org/10.1108/IJCCSM-03-2017-0062
http://dx.doi.org/10.2307/2951647
http://dx.doi.org/10.1016/0304-4076(94)01616-8
http://databank.worldbank.org/data/reports.aspx?source=2&country=IND#
http://databank.worldbank.org/data/reports.aspx?source=2&country=IND#
http://databank.worldbank.org/data/download/GDP.pdf
http://databank.worldbank.org/data/download/GDP.pdf
http://dx.doi.org/10.1016/S0304-3878(00)00093-6

