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ABSTRACT

TheaimofthispaperistoexaminethePorterhypothesiswhichdefinesthatenvironmentalregulations,
undercertaincircumstances,couldhavepositiveeffectsoncorporateenvironmentalandeconomic
performance.Themajorityofpreviousstudiesarebasedonquestionnaire-basedsurveys,onnormative
modelsandonrelativeinformationatcountrylevel.Toovercomesomeoftheweaknessesofprevious
works,abenchmarking-scoringframework issuggested todrawusefulandvaluable information
fromcorporatesustainabilityreportssoastoexaminetherelationshipsbetweenfourdimensions
of corporate performance, namely compliance with environmental legislation, green intellectual
capital(GIC),environmentalinnovations,andcorporateenvironmentalperformance.Theproposed
framework was applied in a sample of firms which operate in the metal products industry. The
findingsshowthatGICcouldbeasignificantmediatingfactorbetweenenvironmentallegislation
andenvironmentalperformanceoffirms.Additionally,itseemsthatGICinfluencesinnovationsand
environmentalperformance.
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INTROdUCTION

Theimpactsoffirmsonthenaturalenvironmentandlocalcommunitieshavelatelygainedgreat
momentum inacademicandpublicdebate (Vataliset al., 2011).The severityandmagnitudeof
presentenvironmentalharms(e.g.climatechangeeffectsandextremeweatherevents)haveledall
responsibleactorsfromeconomicandsocialsystems(e.g.consumers,firms,localauthoritiesand
localcommunities)toundertaketheirresponsibilities(KassinisandVafeas,2006;Wolf,2014;Wang
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andSarkis,2017,Vatalis,2010).Inthiscontext,therearepressureswhichhaveeitherformalforms
suchasregulations(e.g.environmentaltaxes,legislationsandtradablepermits)orinformalforms
suchasreactionsoflocalcommunitiesandconsumersassociations(e.g.productsboycotters).Inthe
fieldofcorporateenvironmentalmanagement,therearetwobasicexplanationsforfirms’attitudes
towardstheadoptionofenvironmentalpractices.Specifically,thefirstexplanationisbasedonthe
proactive behavior of firms which voluntarily adopt environmental strategies to exploit various
potential(financialandnon-financial)benefitssuchasimprovementintheirreputation,asustainable
competitiveadvantage,the“social license to operate”(mainlyforminingindustries)andanincrease
intheirprofits(Fombrun,2005;Hiller,2013).Thesecondexplanationisthatfirmsmerelyadopt
environmentalmanagementpracticesasaresultofchangesintheenvironmentallegislationswithout
investmentsinnewinnovationsandthusfirmsfailingainingotherbenefitsfromtheadoptionofsuch
practices(Chang,2015;GürlekandTuna,2018).

Inthisacademiclandscape,anintermediatetrendseemstoemergewhichplacesgreateremphasis
on how environmental legislation could help firms to make new innovations and reap benefits.
Specifically,ithighlightsthatundercertainconditionsenvironmentalregulationscouldbeagood
tooltotransformafirmfromatraditionalproducerintoanenvironmentallyfriendlyproducerwhich
implementsoperationalstrategywhichleadstoinnovationsandeconomicbenefits(Kaganet al.,
2003;Bigliardiet al.,2012;LiandRamanathan,2018).Indeed,PorterandvanderLinde(1995),
supportersofthisapproach,havestressedthatwell-designedenvironmentalregulationscouldplaya
criticalroleindeliveringwin-winsolutionsforfirms(environmentalandfinancialgains).Anumber
ofstudieshavebeenconductedtoshedlightontherelationshipsbetweenenvironmentalregulations
andcorporatefinancialandenvironmentalperformances(Kaganet al.,2003;Al-Tuwaijriet al.,2004;
SchalteggerandSynnestvedt,2002).

Manyofthesestudiestrytobuildtheoreticalfoundationstoexplicateandsupporttheassertions
ofPorterandVanderLinde’shypothesis(knownasthePorterhypothesis).Inessence,thesestudies
developnormativemodelstodetectpotentialpositiveornegativerelationshipsbetweenenvironmental
regulationsandcorporateenvironmentalandeconomicperformance(BreuerandLüdeke-Freund,
2014).Thesemodelsaretheoreticalrepresentationsofvarioushypotheticalpropositionsandpotential
relationshipsundercertaincircumstanceswithoutprovidingempiricalevidence.Inthislogic,Ambec
et al.(2013)haveprovidedahypotheticalillustrationfrom‘strict but flexible regulations’toenhance
corporateinnovativeoutcomeswhichresultinimprovingbothcorporateenvironmentalandfinancial
performance.Furthermore,therelativeliteratureclassifiesthePorterhypothesisas‘weak’and‘strong’.
Theformerimpliesthatthereareonlyrelationshipsbetweenenvironmentalregulationsandcorporate
innovation,whilethelatterfocusesonthepotential linksbetweenenvironmentalregulationsand
corporateenvironmentalandeconomicperformances(Lanoieet al.,2011;Rubashkinaet al.,2015;
Fabriziet al.,2018).

Anotherpartofstudiesisbasedonvariousacademicfieldssuchasmainstreameconomics(Crifo
andForget,2015),managementtheory(MurtyandKumar,2003),environmentaleconomic(Ambec
andBarla,2006)andthecorporateenvironmentalmanagement(Sánchez-Medinaet al.,2015)in
order to test the Porter hypothesis empirically. These studies use data from questionnaire-based
surveysorrealdataoffirms,suchasR&Dexpensesinenvironmentalpracticesandenvironmental
patents.However,thesestudieshavesomeweaknessesduetothefactthattheyarebasedonmacro-
leveldata(country’slevel)andalsodatafromquestionnaires(i.e.answersfrommanagersorother
stakeholders)isnotfreefrombias.

In thiscontext,abenchmarking-scoring frameworkwasdevelopedaiming to investigate the
connections between environmental legislation and corporate dimensions such as environmental
innovation, GIC and corporate environmental performance. To do so, the proposed framework
utilizesinformationpublishedincorporatesustainabilityreportswhichprovideaccesstoinformation
regardingthecorporateenvironmentalperformance,firm’scompliancewithenvironmentalregulations
aswellasenvironmentalmanagementpracticesandinnovations.Also,duetothelackofGeneral



International Journal of Operations Research and Information Systems
Volume 12 • Issue 1 • January-March 2021

3

AcceptedAccountingPrinciples(GAAP),ashappenswithgeneralcorporateaccounting,theproposed
frameworkfocusesontheGlobalReportingInitiative(GRI)anditssustainabilityreportingguidelines
G4 (GRI, 2013a,b) which provides a common framework for all firms interested in preparing
sustainabilityreports.Inparticular,sustainabilityindicatorsproposedbyGRI’sG4guidelineswere
usedtoassesscorporateenvironmentalperformance,whileGIC,environmentalinnovationsandthe
firm’senvironmentallegislationcompliancewereevaluatedbyusingindicatorsderivedfromthe
relativeliterature.Finally,inordertotesttherelationshipsbetweenenvironmentallegislationsand
innovations,greenintellectualcapitalandenvironmentalperformance,anempiricalanalysiswas
carriedoutinasampleof15firmsoperatinginthemetalproductssector.

Therestofthepaperincludesthreesections.Thefirstsectiondevelopstheresearchquestionsand
itpresentstheproposedframeworkandthesampleoffirmsusedtoinvestigatetheresearchquestions.
Thesecondsectionshowstheresultsoftheempiricalanalysiswhilethefinalsectiondescribesthe
conclusionsandcontributionsofthispaper.Also,itdiscussesthelimitationsofthispaperwhich
couldserveasabaseforfutureresearch.

RESEARCH METHOdOLOGy

The Research Questions
Today,manyscholarsexaminetheroleofenvironmentalregulationsinhelpingfirmstointroduce
newgreeninnovations(BrunnermeierandCohen,2003;TsalisandNikolaou,2017).Therearemany
studieswhichsupportthatenvironmentalregulationsobstructtheeconomicdevelopmentofbusinesses
becauselegislationforcesthemtospendmoneyonvariousaspectswhicharenotrelevanttotheircore
businessgoals(DeanandBrown,1995;Orji,2019),whileotherstudiesmaintainthatundercertain
conditionsenvironmentalregulationscanpromoteinnovations(PorterandVanderLinde,1995).In
manycasesthisrelationshipisregardedasablackboxwithoutexploringthefactorswhichaffect
therelationshipsbetweeninnovationsandeconomicandenvironmentalperformances.Asignificant
factorwhichcouldexplainhowenvironmentalregulationsimpactinnovations,istheabilityoffirms
tocreateintellectualcapital(ChangandChen,2012;Chen,2008).Giventhisbackground,thispaper
aimsatexaminingthefollowinghypotheses:

H1:ThereisarelationshipbetweenenvironmentalregulationsandGIC.
H2:ThereisarelationshipbetweenGICandenvironmentalperformance.
H3:ThereisarelationshipbetweenGICandenvironmentalinnovations.
H4:Thereisarelationshipbetweenenvironmentalinnovationsandenvironmentalperformance.

Benchmarking-Scoring Framework
Asmentionedearlierthecorepartoftheresearchmethodologyisabenchmarking-scoringframework
which is used to gather essential information in order to evaluate various aspects of corporate
performance.Theoutcomeofthisprocessprovidesthenecessaryinputsforexaminingtheabove
researchquestions(hypotheses).

Ingeneral,benchmarkingtechniquesareapracticalmeansofanalyzingvariouscorporateaspects
andpracticesinordertoidentifystrongandweakaspectsoffirms’performances.Additionally,they
assistinmakingcomparativeanalysisofcorporateperformanceamongfirmsoperatinginthesame
ordifferent sectors (KempandPearson,2007).Thecomponentsof theproposed frameworkare
analyzedinthefollowingsections.

Indicators Selection
Theselectionofindicatorshasastrongeffectontheeffectivenessoftheproposedframework.Intotal,
73indicatorswereutilizedforassessingfourdimensionsofcorporateperformance,namelyGIC,
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corporateenvironmentalperformance,environmental innovationsandcorporatecompliancewith
environmentallegislation.Themajorityofthesuggestedindicatorsaccruefromtherelevantliterature
whiletheenvironmentalindicatorsproposedbyGRI’sG4(GRI,2013a,b)wereadoptedtoassess
corporateenvironmentalperformance.Moreprecisely,29environmentalindicators(ENVPER_I)were
usedtoassessfirms’performanceindifferentcorporateenvironmentalaspectssuchasimpactson
naturalresourcesandmaterials,energyconsumption,thelevelofairemissions(e.g.CO2emissions),
theinfluenceonbiodiversitylossandwaterconsumption(Table1).

Table 1. Environmental performance indicators

ENPER indicators Description

ENPER_I1 Totalvolumeorweightofmaterialsusedtotheproduction

ΕΝPER_I2 Percentageofrecycledmaterialsusedtotheproduction

ΕΝPER_I3 Totalenergyconsumptionwithinorganization

ΕΝPER_I4 Totalenergyconsumptionoutsideoftheorganization

ΕΝPER_I5 Energyintensityratio

ΕΝPER_I6 Reductionofenergyconsumption

ΕΝPER_I7 Totalvolumeofwaterconsumption

ΕΝPER_I8 Freshwatersourcesaffectedbyfirms

ΕΝPER_I9 Totalvolumeofwaterrecycledandreused

ΕΝPER_I10 Managementofprotectedareasandareasofhighbiodiversityvalue

ΕΝPER_I11 Impactsofproductsandservicesonbiodiversity

ΕΝPER_I12 Speciesaffectedbycorporateoperations

ΕΝPER_I13 DirectGreenhouseGas(GHG)emissions

ΕΝPER_I14 IndirectGHGemissions

ΕΝPER_I15 OtherindirectGHGemissions

ΕΝPER_I16 GHGemissionsintensity

ΕΝPER_I17 ReductionofGHGemissions

ΕΝPER_I18 Ozone-depletingsubstancesemissions

ΕΝPER_I19 NOxemissions

ΕΝPER_I20 SOxemissions

ΕΝPER_I21 Totalwaterdischargevolume

ΕΝPER_I22 Totalweightofwastebytypeanddisposalmethod

ΕΝPER_I23 TotalNumberandvolumeofsignificantspills

ΕΝPER_I24 Mitigationstrategiesforenvironmentalimpactsofproducts

ΕΝPER_I25 Finesandnon-monetarysanctionsfornon-compliancewithenvironmentallaws
andregulations

ΕΝPER_I26 Environmentalimpactsoftransportation

ENPER_I27 Environmentalprotectionexpendituresandinvestments

ENPER_I28 Supplierenvironmentalassessment

ENPER_I29 Numberofgrievancesaboutenvironmentalimpacts



International Journal of Operations Research and Information Systems
Volume 12 • Issue 1 • January-March 2021

5

ThreedifferentsetsofindicatorsweredevelopedtoassesstheGIC.Eachgroupofindicators
wasusedtoevaluateaspecificperspectiveofGIC.ParticularlyGreenHumanCapital(GHC),Green
Structural capital (GSC) andGreenRelationalCapital (GRC) are the threeperspectivesofGIC
(ChangandChen,2012).

As regards GHC, nine indicators were suggested which measure the knowledge, skills and
behaviorofemployeesregardingtheprotectionofenvironmentandthecorporatepracticestopreserve
environmentalquality(Table2).Suchindicatorsaimatmeasuringthetacitknowledgewhichisvery
difficulttobeidentifiedwithinanorganization(Saint-Onge,1996;Haldin-Herrgard,2000;Ambrosini
andBowman,2001;Vatalis,2017).

As for the GSC, nine indicators were developed which assess various aspects of corporate
environmentalstrategicpracticesandthedevelopmentofinternalproceduressuchastrainingsyllabus,
manuals,booksandguidelines(Table3).Itmainlymeasuresexplicitknowledgewhichisnotaffected
bychangesintheworkforce(forexample,changesintheratesofnewemployeehiresoremployee
turnover)(Bontis,2001;Smith,2001;Hauet al.,2013).

Table4depictsindicatorsusedtoassesstheGRC.Theseindicatorsfocusontherelationship
between firmsand their external stakeholders suchasNGOs, suppliers, the financial sector and
thelocalcommunity.Inthecontextofgeneralmanagementandenvironmentalmanagement, the
stakeholdertheorycouldexplainvoluntarysocialandenvironmentalstrategicmanagementactions

Table 2. Green human capital indicators

GHC indicators Description

GHC_I1 Employees’tacitknowledge

GHC_I2 Employees’explicitknowledge

GHC_I3 Knowledgetransferandknowledgesharingamongemployees

GHC_I4 Certifiedenvironmentalknowledgeofemployees

GHC_I5 Workforcereputation

GHC_I6 Employees’eco-consciousness

GHC_I7 Employees’perceptions

GHC_I8 Generatingnewideasandconvertingconsumerneedsintonewproducts

GHC_I9 Staffskilllevel

Table 3. Green structural capital indicators

GSC indicators Description

GSC_I1 Copyrightregistration

GSC_I2 Greenpractices

GSC_I3 Trademarks

GSC_I4 Environmentalculture

GSC_I5 Environmentalinfrastructure/businessorganization

GSC_I6 Environmentallaboratoryofthecompany

GSC_I7 Environmentalmanagementprocedures

GSC_I8 Environmentalstrategy

GSC_I9 Environmentalmission/vision
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offirms(Freemanet al.,2004;Steureret al.,2005;HansenandSchaltegger,2016).Particularly,
accordingtotheknowledge-basedviewoffirms(Nikolaou,2017),informationandknowledgeare
necessarystrategicfactors.Firmsshouldbeabletogatherandprocessvaluableinformationfrom
their interactions with stakeholders, such as consumers’ needs and preferences for products and
services,aswellastheircooperationwithsuppliersandcompetitionissueshelpthemtoimprove
theirproductionandoperationprocedures.

Corporateenvironmentalinnovation(ENIN)wasalsoassessed.Actually,therearethreegeneral
typesofcorporateenvironmentalinnovations.Thefirsttypefocusesonproductinnovationswhich
areassociatedwitheco-designaspectstoreducetheeffectsofproductsonthenaturalenvironment.
Thesecondtyperefers tooperational innovations,whichincludesnovelandinnovativepractices
implementedbyfirmssoastofaceenvironmentalproblemswithcostreductionand,thethirdtype
focusesonmarketinginnovation(i.e.greenmarketingandadvertising).Giventhisbackground,Table
5showselevenindicatorswhichaimtoidentifyneweco-friendlyproductsandservices,environmental
patents,greenR&Dexpenditureandpotentialenvironmentalcertifications(eco-labels).

Finally, eight indicators were utilized to evaluate the level of compliance of firms with
environmentallegislation(ENLEG).Theseindicatorsrefertoissuesrelatedtothefirms’compliance
withtheemissionlimits,mechanicalnoise,wastemanagementandalsolegalsanctions(i.e.monetary
finesandpenalties)(Table6).

Table 4. Green relational capital indicators

GRC indicators Description

GRC_I1 CollaborationwithNGOs

GRC_I2 Collaborationwithacademicinstitutions

GRC_I3 Collaborationwithsuppliers

GRC_I4 Collaborationwithconsumers/customers

GRC_I5 Collaborationwithothercompanies

GRC_I6 Collaborationwiththegovernment

GRC_I7 Collaborationwiththelocalcommunity

Table 5. Environmental innovation indicators

ENIN indicators Description

ENIN_I1 Newgreenproductsandservices

ENIN_I2 Innovativetechnologiesforwastewatertreatment

ENIN_I3 Innovativetechnologiestoreduceairpollutants

ENIN_I4 UseofBAT(bestavailabletechniques)bythecompanies

ENIN_I5 Resourcessavingandnetproductionprocedures

ENIN_I6 Environmentaltechniquesandtoolssuchaslifecycleanalysis

ENIN_I7 Eco-label,environmentalclaim,environmentalstatement

ENIN_I8 Numberofpatents

ENIN_I9 Amountofresearchanddevelopmentexpenditure

ENIN_I10 ISO14001orEMAScertification

ENIN_I11 Environmentalriskcontrolandmonitoringsystems
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Measurement System
Thesuggestedmeasurementsystemisbasedonthescoringtechniqueswhichofferapracticalway
toquantify informationanddata fromcorporate sustainability reports (Demertzidiset al.,2015;
Nikolaouet al.,2014;Canteleet al.,2018;Tsaliset al.,2017).Theadvantageofscoringtechniques
liesintheirabilitytoprovideapracticalevaluationprocesswhichcanbeusedtoquantifyinformation
regardlessofthetypeofinformation(i.e.financialornon-financialandquantitativeorqualitative)
andaspectsofcorporateenvironmentalperformance(suchasenergyconsumption,GHGemission
andqualityofwaterdischarges).Additionally,scoringscalesallowuserstocalculateanaggregate
finalscoreasthesumofthescoresfromindividualindicatorswhichcouldbeusedforcomparison
purposes(Morhardtet al.,2002;YadavaandSinha,2016).

As for the proposed methodological framework, two three-point scoring scales, namely
AccountabilityScoringScale(ASS)andthePerformanceScoringScale(PSS)usedtoassessthe
informationpublishedincorporatesustainabilityreportsforeachindicator(seeTable7)(Nikolaou
andTsalis,2013;Tsaliset al.,2018a,b;Tsaliset al.,2019).Particularly,theASSassessesthequality
ofthedisclosedinformationforaspecificindicator,whereasthePSSestimatestheprogressofa
specificaspectofcorporateperformancedefinedbyanindicator.ItisimportanttostressthatthePSS

Table 6. Environmental legislation indicators

ENLEG indicators Description

ENLEG_I1 Compliancewiththeemissionlimits

ENLEG_I2 Improvingenergyefficiencyandresourceefficiency

ENLEG_I3 Monetaryfinesduetoviolationofenvironmentallaws

ENLEG_I4 Casesofconvictionforenvironmentalcrimes

ENLEG_I5 Compliancewiththelimitsofmechanicalnoiselegislation

ENLEG_I6 Compliancewiththerequirementsforalternativemanagementofpackaging

ENLEG_I7 Compliancewithconditionsforthepropermanagementofhazardouswaste

ENLEG_I8 Waysofdisposalandtreatmentofindustrialwaste

Table 7. Scoring scales

Scoring Scales Score Description

ASS

0 Whenaspecificindicatorisnotmentionedinthereport.

1

Thereportprovidesonlyqualitative(descriptive)informationonhowafirm
dealswiththerequirementsofaspecificindicator.Suchtypeinformation
impliesthatcorporateperformanceispoorbecauseafirmhasnotimplemented
mechanismformeasuringtheresultsofitsstrategicmanagementconcerningthe
aspectofcorporateperformancedefinedbytheexaminedindicator.

2 Thereportprovidesquantitativeinformationaboutafirm’sperformanceina
specificindicator.

PSS

0
Whenafirm’sperformanceintheexaminedindicatorisworsethantheprevious
yearorafirmdoesnotprovidefurtherinformationinordertocomparefirm’s
performancewiththepreviousyear.

1 Whentheexaminedindicator’sperformanceisthesameasthepreviousyear.

2 Whentheexaminedindicator’sperformanceisbetterthanthepreviousyear.
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isusedonlywhenasustainabilityreportprovidesnumeric(quantitative)dataabouttheperformance
foraspecificindicator.

TheoutcomesfromtheevaluationprocessusedtocalculateaCompositePerformanceScore
(CPS)foreachofthesixassesseddimensionsofcorporateperformance.EachCPSisanaggregate
scoreindicatingtheoverallperformanceoftheassesseddimension.Table8detailstheequations
usedtoestimatethecompositeperformancescores.

Sample Selection
Theproposedmethodologywasappliedinasampleoffirmsfromthemetalproductsindustry.Due
tothenegativeimpactsontheenvironmentandthehighnaturalresourcesusagenecessaryfortheir
productionprocesses,thissectorisregardedas“highprofile”firmsandtheycomeunderintense
scrutiny.Thus,firmsareexpectedtodisclosecompleteandcomprehensiveinformationabouttheir
sustainabilityperformance(Fernandez-Feijooet al.,2014;Wagner,2007;NewsonandDeegan2002;
HackstonandMilne,1996;Reverte,2009;VatalisandKaliampakos,2006).Inaddition,allsampled
firmssatisfiedthreeimportantcriteria.Firstly,allfirmshadtoregistertheirsustainabilityreports
inGRI’ssustainabilitydisclosuredatabase.Secondly,firmshadtouploadtheirsustainabilityreport
forfourconsecutiveyears(from2014to2017)andthirdly,allreportsshouldbewritteninEnglish.
Thefinalsampleincludes,60sustainabilityreportspublishedby15firms(i.e.15*4=60)whichwere
carefullyreadinordertodeterminethenecessaryinformationfortheresearchgoals.

Table 8. Composite performance scores

Description Equations Max 
Score

CompositeGreenHuman
CapitalScore(CGHCS)

CGHCS AI PI
i

i i
= +( )

=
∑
1

9
Whereiisthenumberof
indicatorsofGHC 36

CompositeGreenStructural
CapitalScore(CGSCS)

CGSCS AI PIj
j

j
= +( )

=
∑
1

9
Wherejisthenumberof
indicatorsofGSC 36

CompositeGreenRelational
CapitalScore(CGRCS)

CGRCS AI PI
k

k k
= +( )

=
∑
1

7
Wherekisthenumberof
indicatorsofGRC 28

CompositeGreenIntellectual
CapitalScore(CGICS) CGICS CGHCS CGSCS CGRCS= + + 100

CompositeEnvironmental
PerformanceScore(CENPS)

CENPS AI PI
l

l l
= +( )

=
∑
1

29
Wherelisthenumberof
indicatorsofENPER 116

CompositeEnvironmental
InnovationScore(CENIS)

CENIS AI PI
m

m m
= +( )

=
∑

1

11
Wheremisthenumberof
indicatorsofENIN 44

CompositeLegalCompliance
Score(CLECS)

CLECS AI PI
n

n n
= +( )

=
∑
1

8
Wherenisthenumberof
ENLEG 32
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RESULTS

Inthissectionthemainfindingsfromtheanalysisofsustainabilityreportsarepresented.Table9
detailsthemeanscoreachievedbytheexaminedfirmsforeachevaluateddimensionofcorporate
performanceaswellasthenumberofcaseswherefirmsachieveaperformanceaboveorbelowthe
meanscore(PAMSandPBMS,respectively).

Ascanbeseen,themeanscoreoftheCENPSwas31.88pointsandin33cases(i.e.sustainability
reports),thefirmsachievedaperformanceabovethemeanscore.WithrespecttotheGIC,34cases
showthatfirmshaveachievedaperformanceabovethemeanscoreofCGICS(20.75points).Finally,
themeanscoresofCENISandCLECSwere9.30and5.27points,respectively.

Spearman’scorrelationtestwasusedtoprovideanswerstothefourresearchquestionsconcerning
therelationshipsbetweentheassesseddimensionsofcorporateperformance(Table10).Actually,this
isarank-basednon-parametricstatisticaltest,whichdetectsmonotonictrendsinatimeseriesand
measuresthestrengthofassociationbetweentworandomvariablesXandY(SchmidandSchmidt,
2007;Yueet al.,2002).

Morespecifically, the first researchquestion isassociatedwith the relationshipbetween the
levelofafirm’scompliancewithenvironmentallegislation(CLECS)andGIC.Thefindingsshow
thatthereisapositivecorrelationbetweenthesedimensionsofcorporateperformance(r=0.392,
p<0.01).AsfortheperspectivesofGIC,corporateenvironmentallegislationcomplianceispositively
associatedwithGHC(r=0.301,p<0.05).Also,thereisastatisticallysignificantcorrelationbetween
CLECSandCGRCS(r=0.583,p<0.001)whichcouldbeexplainedbythefactthattherelational
capitalisimprovedwhenfirmscomplywithenvironmentallegislationsbecausetheygainlegitimacy
fortheirdailyoperationsbuildingstrongrelationshipswithlocalcommunities,governmentservices
andconsumerassociations(Murillo-Lunaet al.,2008;Helmiget al.,2016).

ΤhesecondresearchquestionisconcernedwiththerelationshipbetweenGICandenvironmental
performance.Inparticular,theGHCispositivelycorrelatedwithenvironmentalperformance(r=0.378,
p<0.01).Itisarationalfindingsinceinvestmentsincorporatetrainingprogramsinenvironmental
issues,whichdiffuseenvironmentalknowledgewithinthefirm,isexpectedtohaveapositiveimpacton
thecorporateenvironmentalperformance.Moreover,thereisapositiveassociationbetweenGRCand
environmentalperformance(r=0.431,p<0.001).Thisfindingisinlinewiththepreviousresearches
which show that collaboration of firms with stakeholders (customers, NGOs, local community)
improves corporate environmental performance (Peloza and Falkenberg, 2009; Dimitrova et al.,
2007;Nikolaouet al.,2016).

Thethirdresearchquestionexaminestherelationship,betweenGICandenvironmentalinnovation.
Thefindings indicate thatCGICSispositivelycorrelatedwithCENIS(r=0.599,p<0.001).This

Table 9. The results from the evaluation of sampled sustainability reports

Composite Performance 
Scores

Number of cases (N=60)
Mean ScorePerformance Below 

Mean Score(PBMS)
Performance Above 
Mean Score (PAMS)

CENPS 27 33 31.88

CGHCS 51 9 8.25

CGSCS 37 23 6.70

CGRCS 18 42 5.80

CGICS 26 34 20.75

CENIS 29 31 9.30

CLECS 32 28 5.27
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impliesthatthecreationofGICislikelytoassistfirmsincreatingorganizationalcapabilitiesandin
promotingenvironmentalinnovation.AlthoughthereislimitedresearchonthelinksbetweenGIC
and environmental innovation, there is substantial evidence for the relationshipbetweengeneral
intellectualcapitalandinnovation(SubramaniamandYoundt,2005;Wuet al.,2008;Delgado-Verde
et al.,2016).Hence, thispapercouldprovide thebasis for furtherempirical investigationof the
associationofGICandenvironmentalinnovation.

Thelastresearchquestionfocusesontherelationshipbetweencorporateenvironmentalinnovation
andenvironmentalperformance.TheresultfromtheSpearman’scorrelationtestshowsthatthereisa
statisticallysignificantcorrelationbetweenthesetwodimensionsofcorporateperformance(r=0.414,
p<0.001).Despitethefactthatthereisarationalexplanationforthepositiveeffectsofenvironmental
innovationsoncorporateenvironmentalperformance,itisimportanttoexamineitinthecontextof
theproactivestanceoffirms(BerryandRondinelli,1998;SharmaandVredenburg,1998;Yanget 
al.,2019),andthereactivebehavioroffirms(Chang,2015).Theformertrendisassociatedwithwin-
winresults,whilethelatterfocusesonlyonachievinglegislationrequirementswithoutinnovationor
economicbenefits(PorterandVanderLinde,1995).

CONCLUSION

ThispapersuggestsanewmethodologicalframeworktoexaminethePorterhypothesis.Itisbased
onscoring/benchmarkingtechniqueswhichdrawinformationfromcorporatesustainabilityreports.
Itaimsalsoatexamining‘strong’versionofthePorterhypothesisbyexamininghowenvironmental
legislationsinfluenceenvironmentalinnovations,intellectualcapitalandenvironmentalperformance.
Initially, the findings show that environmental legislation may create incentives for corporate
environmental innovations.Thesampledfirmsexaminedseemtofaceenvironmentalregulations
positivelysincetheyachievevarioustypesofinnovationsmainlytocomplywiththem.Additionally,
apositivecorrelationisidentifiedbetweenenvironmentallegislationwithgreenintellectualcapital
andenvironmentalperformanceoffirms.Thismaybeaconsequenceofeffortsbyfirmstoidentify
newwaystofaceenvironmentalregulationsmainlytogainacompetitiveadvantageandcostsavings.

However,itwouldbeusefulifthepolicymakerscarefullydesignmoreflexibleenvironmental
regulationsbyimposingincentivesforpromotinginnovationandintellectualcapital.Thismaydrive
theproactivecorporatecompliancewithenvironmentalregulations,whichbenefitsboththefirm
andtheenvironment.

A possible key tool for this purpose is the impact assessment of regulations. The ‘Better
Regulation’tool,usedbytheCommission(EU)andtheRegulatoryImpactAssessment(RIA)used
bymanyOECDcountriesaimtoelaboratepolicyandlegislationconsideringtheexpectedeconomic,

Table 10. Correlation matrix for the assessed dimensions of corporate performance

CENPS CGHCS CGSCS CGRCS CGICS CENIS CLECS

CENPS 1.000

CGHCS .378** 1.000

CGSCS -.098 .066 1.000

CGRCS .431** .344** -.031 1.000

CGICS .268* .432** .630** .650** 1.000

CENIS .414** .290* .385** .360** .599** 1.000

CLECS .727** .301* -.107 .583** .392** .546** 1.000

* Correlation is significant at the 0.05 level,** correlation is significant at the 0.01 level (2-tailed).
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environmentalandsocialimpacts,mitigatingunnecessaryburdensandredtapeforcitizens,businesses
andpublicauthorities(Golberg,2018;Schultzet al.,2019).

This paper contributes to the general literature in three ways. Firstly, it introduces scoring/
benchmarkingtechniquesintotheliteratureonthePorterhypothesis.Itturnsouttobeagoodtool
todrawuseful,valuableandconsistentinformationfromtherealdataoffirms.Secondly,itadds
valuableinsightsintothelinksbetweenenvironmentalregulationsandcorporateinnovationswhich
isconsideredanecessarypieceofthepuzzlewhentestingthePorterhypothesis.Thirdly,thespecific
methodologycanbeusedasapatternforcompaniestoorganizeanddisclosebettertheirinformation
aboutGICandtheotherassesseddimensionsofcorporateperformance.

However,asignificantlimitationisthattheeconomicperformanceoffirmsisnottakeninto
considerationinthisanalysis.Also,thesmallsizeofthesample(only15firms)isanotherlimitation
of thisresearch.Thus,futureresearchesshouldtest thesehypothesesina largersampleoffirms
fromdifferentsectors.Finally,animportantweaknessisassociatedwiththestatisticalanalysis.For
thisanalysis,methodologiesbasedonstructuralequationmodelingcouldbeanothergoodpointfor
futureresearch.
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