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AnalysisandDesignofaRegionalPollutionDischargeTaxRate：

AnEconomic-Environmentallnput-OutputApproach

By

XuLioandSaburolkeda.．

Abstract

Thisarticledevelopsamodelsystemtoanalyzeanddesignenviromnentalpolicy，
andtodetermineapollutiondischargetaxrate,undertherestrictionsofenvironmental
qualityandeconomicdemand､nlismodelsystem,combininginput-outputanalysisand
mathematicalprogrammmgapproach,setsuptherElationbetweentheeconomlcsector
andtheenvlromnentalsectorwithaneconomic-envlromnentalmput戸outputmodel，

whileitanalyzesanddesignsapollutiondischaIgetaxbyusingamathematical
programmingmodel､Thismodelsystemislastlyappliedtoaregionalarealocatedin
thenortheastofChinanleanalysisresultsoftheapplicationshowthatitisan
acceptableandefIectivetoolfbrassessmgeconomicandenviromnentalimpactandfbr
fbrmulatingenvironmentalpolicy．

1．Introduction

Abasicfeatureofeconomicactivityistheextractionofmaterialsfiomtheenvironment
andthereleaseofpollutantsintotheenvimnment､Ａｓｗｅｋｎｏｗ,mostenvironmental
resourcesrenderbothpmductionandconsumptionservicestoavanetyofusersina
largelynon-exclusivemanner・Sincemanyuserssharetheseservicesprovidedby
envlronmentalresourcesthatarenotsubjecttopnvateownership，andthusare

availableatzeroprice,thequalityoftheseenvlronmentalserviceshasdeterioratedtoa
certaindegree､IftheqUalityofthesharedbenefitsofenvironmentalresourcesistobe
maintained,usagemustberestrictedtoalevelbelowtheassimilativecapacityofthe
envlronment､Henceenvlronmentalissuessuggestanumberoftheoreticalproblems：

howdopositiveandnegatlveextemalitiesimpacttheeconomicsystem？Howfast
shouldtheeconomygrowwhenfacedwithenvironmentalconcems？Whatpolicies

shouldbeadoptedtoassureeconomicgrowthandenvironmentalqualitywhile
addressingenvironmentalconcems？、lesequestionshavegainedincreasing
importanceamongpolicymakersandarelikelytoassumeevenmoreprommencemthe
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comingyears,particularlyinrapidlydevelopingcountries、

Thetraditionalapproachistofirameenvlronmentalissuesasproblemsof

extemalitiesandtoinvestigatealtemativemechanismsthatallowsocietytocorrect，

partiallyorfillly,fbrtheallocateddistortionscausedbyextemalitieSAlthoughthere
areavarietyofsolutions,economicanalysisstressestheroleofpolicytoolsoperatmg
throughthepricesystem､Ahandfhlofprogramsthatutilizesomeoralloftheelements
ofanenvlronmentalchaIgeapproachhavebeenimplementedinanumberofcountnes、
Germany,Hungary,Czechoslovakia,FranceandtheNetherlandsusedifferentversions

ofefT1uentchargesfbrwaterandairpollutioncontrol，Singaporehasimplementeda
centralarearoadpricingsystem､JapanandMalaysiaareexploringroadusercharges
inordertoreducetransportcongestionlntheUSA,Oregon,Michigan,Massachusetts，

NewYork,VermontandMainehaveestablishedbeveragecontainerdepositprograms、
Chinahasalsoimplementedasystemofimposmgpollutionemissioncharｇｅｓｓｉｎｃｅｔｈｅ
ｌ９８０ｓ

Ｔｏｄｅａｌｗｉｔｈｔｈｅｅnvlronmentalcharges，materialbalanceandvaluebalance

modelsareoftenused,especiallytheＣＧＥ(ComputableGeneralEquilibrium)model

andtheeconomlc-envlronmentalinput-outputmodeLCGEmodelswerepioneeredby
AmoldHarberger（1962)andLeifJohansen（1973).Inessence,aCGEmodelisan

operationalizationofneoclassicalmicroeconomictheoryandwelflreeconomics，ｉ､e,，
theWalrasianparadigmThemostcommonuseofCGEmodelsisfirsttocalculatean

initialequilibrium,ensuringthatthemodelreproducesthebenchmarkdatasetwhich

fbrmedthebasisfbritsconstructionNext,someexogenousvariable,usuallyapolicy
parametersuchasataxrate，ｉｓchanged,ａｎｄａｎｅｗ‘‘counterfactual，，equilibriumis

calculated・Acomparisonofthetwoequilibriumsrevealstheimpactofthepolicy
change，

Thevastmajorityofapplicationstodatehavebeenintheareasoftaxpolicy，
developmentpolicy，tradepolicyandenvironmentalpolicy・CGEmodelsaddress
envlronmentalproblemsbyrecognizingexplicitlythatevenwhenachangein

envlrOnmentalpolicyhasadi1℃ctimpactononlyonesectoroftheeconomy,thereare

alwaysindirectimpactsonothersectors・ＥＣＯnomlcagentsrespondtoincentives;laws
andregUlationschangethesemcentives，andCGEmodelstaketheseresponsesmto
account・ItisapparentthatmanyoftherecentCGEmodelshavedealtwithpolicies

designedtoreduceemissionsofCO2,ＳＯ２ａｎｄＮＯｘ,etc.,andhavegainedincreasmg
acceptanceasappropnatetoolsfbrmodelingenvlronmentalpolicy(NathanWajsman，

1995).MostoftheCGEmodels,however,fbllowtheideathattheeconomlcsystemis

themainsystemwhiletheenvlronmentalsystemisanextemalsubsystem､Therefbre，

themainequilibriumsinaCGEmodelarcfirstlysetupaccordingtotheeconomic
system,envlronment-relatedequilibriumsbasedontheoutputoftheeconomlcsystem
ForthisreaSon,withCGEmodelsitisdifficulttointemalizethe“extemalities，'of

envlronmentalproblemseffectively、Inaddition，ＣＧＥmodelsneedthedataofthe

fburthquadrantoftheinput-outputtable,ｄａｔａwhichisusuallynotcollectable・Hence，

envlronmentalinput-outputmodelsareoftenemployed・

Input-outputanalysiscanbeextendedintoacomplexsystemwitheconomicand

envlronmentalfactorstodescribeinterdependenceamongeconomicsectorsand

envlronmentalsectors、SuchmodelsweredevelopedbyCumberland（1966)，Ｄａｌｙ
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(1968),Isard(1968),AyresandKneese(1969),Leontief(1970)andVictor(1972),etc

mdiffbrentfbrmsandfbrvariousapplications､ＴｈｅｅｎⅥromnentalinput-outputmodels

developedsofarcanbeclassifiedintothreecategories(G､HHuang,Ｗ､PAnderson
andBWBaetz,1994)．

Thefirstcategoryofmodelsistheeconomic-ecologicalmodelWhichrepresentsan
ambitiousattempttointegrateananalysisoftheinput-outputflowswithinandbetween

theeconomicsystemandtheecologicalsystemlnthisstructure,thetotalsystemis
dividedintoitshumanandnon-humansectors､Therefbre,anon-humansectorisadded

intotheinput-outputtableinrowandcolum､,respectively,Thecomprehensivenessof
thisidealiesmthefactthatflowsofmaterialresourcesfromlheenvlronmenttothe

economymakepossibletheproductionofgoods,andtheflowsofpollutantsfromthe

econoｍｙｔｏｔｈｅｅｎｖｌｒｏｎｍｅｎｔａｆｆｅｃｔｔｈｅｅｎvironment，sabilitytoregeneratethose

envlronmentalresoumeswhichwereinitiallywithdrawntotheeconomy(Isard,Ｗ・’

1968)．However，thiscategoryofmodelsincludestoomanyecologicalfactors

associatedwiththecomplexwebinvolvedmtheecologicalsystemDuetothelackof
dataregardingtheecologicalprocess,thiscategoryofmodelswasgraduallyadaptedto
fbrmthesecondcategoryofmodelscalledcommodity-by-i､dustrymodel，
Thecommodity-by-industrymodeladoptssomeoftheconventionsestablishedby

lsard(1968),butgreatlyreducesmodelcomplexityanddatarequirements・Themodel
includesbotheconomicandecologicalcommoditiesEcologicalcommoditiesarethose
thingsthatareinputfiFom,oroutputinto,theenvironmentbyeconomicsectors・nle
Economiccommoditiesarethosethingsexchangedbetweeneconomicsectorsor

consumers(Victor，1972).Recognizingthedatapmbleminhe1℃ntintheecological
interactionmatrixofIsard，smodelmentionedabove,Victoreliminatedthismatrixand

fbcusedonthelinkagebetweeneconomyandenvironment・AlthoughVictor，sapproach

allowstheextensionofthebasicmput-outputtabletotheecologicalsector,itisstilla
fTameworktakingintoconsiderationlarge-scalematerialsbalance，andwiththis

appmach，too，itisdifficulttoanalyzeeffectivelypollutionabatementactivitiesin

termsofintemality・

Thethirdcategoryofmodelsisapollutiongeneration-eliminationmodelthatis

widelylmownastheaugmentedLeontiefmode1.Leontiefintroducesextramwsintothe

input-outputtabletoillustratetheflowofpollutantsftomtheeconomytothe

envlronment,andextracolumnstoillustrateanti-pollutionsectorswhichwithgiven

quantitiesofinputsfromeconomicsectorscanremoveateclmologicallydetermined

levelofpollution､Expandedinthismanner,themodelcanbeusedtodeterminethe

levelofproductionactivitynecessaryfbreachsectorintheeconomyinorderfbritto

meetthelcquirementsoffinaldemand､Thebasicprinciplefbllowedinthesemodelsis

thateconomicactivitiescreatepollutionasabyproductandthelevelofthispollution
maybereduced,ａｔｓｏｍｅｃｏｓｔ,throughpaymentstoapollutionabatementsector・In

ordertoavoidtheproblemofmulti-outputofindustries,thisstmctureconsidersthe

pollutionproblemasindustryactivityincolumnsandconsidersthesameproblemin
termsofcommoditiesinrows，ｉ､e・theenvironmentalsectorswereaddedintothe

mput-outputtableasdi錠rentchamcteristicsmrowsandcolumnsTherefbre，this

modelmakesitdifficulttopermitindustriestomtemalizethecostofpollution

abatement(JohnsonandBennett,１981),anditisalsodifficulte錠ctivelytoreflectthe
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intemalityofthepollutionabatementprocess・However，asthisfiameworkhas
consideredpollutionabatementasakindofindustryactivity，itprovidesasuitable

basisfbrtheeconomic-environmentalinput-outputmodeldevelopedinthispaper・
Ｔｈｉｓpaper，fbllowingtheaugmentedLeontief（1970）model，assumesthat

pollutionabatementactivitiesareperfbrmedbyenvlronmentalindustriespossessingthe

sameproductioncharacteristicsasconventionaleconomlcsectorsproducmgabated
pollutantsastheirgoods・Suchenvironmentalindustriesareaddedintothetraditional

mput-outputtable・Then，settingupabalancerelationbetweenthetwotypesof

industriesnotonlyintermsofvolumebutalsointermsofunitvalue,wecandevelop

aneconomlc-envlronmentalinput-outputmodel、Byintmducingtheenvlronmental

policyparameter,thismodelcanbedevelopedintoamodelsystemtobeusedfbr

analyzinganddesiglingapollutiondischalgetaxrate,Thesecondsectionofthispaper
wilｌｇｉｖｅａｓｉｍｐｌｅｉｎｔｍｄｕｃｔｉｏｎｏｆｔｈｅｆｔameworkofaneconomlc-envlronmental

input-outputmodel､Section3discussespolicyparametersinvolvedinthefiamework，

InSection4，apollutiondischalgetaxrateanalysisandadesiglmodelwillbe
developed､Byapplyingthemodelsdevelopedinthispaper,Section5willpresentsa
casestudyofaregionalarealocatedinthenortheastpartofChina・Finally，
observationswillbesummarizedintheconclusion．

2．Economic-EnvironmentInput-OutputModel

2.1.AFrameworkofEconomic-EnvironmentalInput-OutputTable

Supposethatthereare〃economicindustriesand〃envlronmentalindustries・

FollowingLiandIkeda(2001),theeconomic-environmentalinput-outputtablecould
beexpressｅｄａｓＴａｂｌｅｌ･

InTablel，Ａ１,Ｘｉ,Ｘ,ﾘﾉiarethecoeHicientsassociatedwitheconomicsectors
only,anddefinethetraditionalinput-outputtable,ｗｈｅｒｅ

Ｘ２ｊ:totalpoⅡutanteliminatedbyenvironmentalindustry/；

ｙ２ｊ：pollutanteliminatedfbrfinalconsumptionbyenvironmentalmdustryﾉﾗ

α2ヴ：inputftomeconomicindustryjtoenvlronmentalindustryノｗｈｅｎノis

eliminatingunitpouutant；

６１り:pouutanteliminatedbyenvironme､talindustryjfbreconomicmdustIyノwhenノ
isproducmgunitproduct；

６２:pollutanteliminatedbyenvironmentalindustryjfbrenvironmentalindustryノ

whenノiseliminatingunitpollutant；

glij:ｐｏⅡutantjgenemtedbyeconomicindustxyﾉwhenノisproducingunitproduct；

９２リ:ponutantjgeneratedbyenvironmentalindustry/whenノiseliminatingunit

pollutant；

ｇ３ｊ:pollutantノgenemtedbyunitfinaldemand；
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Ｔａｂｌｅｌ:ＡＦｒａｍｅｗｏｒｋ⑪fanEconomic-EnvironmentalInput-OutputTable

Yi＝{y',｝ｘ１＝い｝

yh＝{y2,｝ｘ２＝にi｝

ＥＣＯ加omiclndustriesEnvironmemalIndl理ries
FinalDem盆ndTotalPmd哩垂

１２…〃 １，２，…,耐

Bi={j',｝

昨blj｝

x,＝{】｡,｝

１
１
１
１
ｌ

作
も
腿
い
い
秘

峠
秘
咋
咋
峠
昨

Economiclndl1stlies

l,2,...,〃

EIwironmemallndustnes

l,2,...,胴

BaSiclnput

TotalPmdu画g

PollutiOnGenemted

1,2,…,耐
G3={g3j｝G,＝{g',｝

ｖ２ﾉ：fixedassetdepreciation,labourpaymentandprofitofunitproductin

envlronmentalindustry/，

Ｃｌearly,theproductsneededbytheenvironmentalindustriesintheprocessof
pollutioneliminationdependonthetechnology(fixedasset）takeninthisprocess・

Therefb1℃，Ａ２一Risatechnicalcoefficientmatrix､ThepollutantsgeneratedfiFom

economicandenvironmentalindustriesalsodependontheteChnology(fixedasset）
beingused，ｓｏＧｌａｎｄＧ２ａｒｅａｌｓｏｔｅｃｈｎｉｃａｌｃｏｅｆficientmatrices，Thepollutants
generatedfiFomthefinalconsumptiondependonboththeproductionstructureand
consumptionstyleofthenationHence,G3possessessocio-culturalcharacteristicsand
isalsodefinedasatechnicalcoe伍cientmatrix､Thepollutantseliminated,however，
dependontheregUlationofenvironmentalpolicy，sowecallBlandB2policy
coefficientmatrices,andthiswillbediscussedindetailmSection3・

Tableldiffbrsfiomotherenvironmentalinput-outputtablesintwoimportant
waySFirstly,environmentalindustriesareaddedintotheinput-outputtableintermsof
economicactivityinrowsandcolumns、Environmentalindustriespossessthesame
productioncharacteristicsaseconomicindustriesifwetaketheeliminatedpollutantas
theirproduct・Ｔｈｉｓｎｏｔｏｎｌｙｍａｋｅｓｔｈｅｌｃquireddatafbrtheenvironmentalsector
tangibleandcollectable,butalsoallowsustodealwithextemalityofenvironmental
problemsinteImsofintemality・Secondly，environmentalpolicyparameterscanbe
effbctivelyintroducedintothemput-outputmodel,whichmakespossibleenvironmental
policyanalysisanddesign・ThiswillbediscussedindetailinSection3・

RegaIdingtotheeconomicproductsrecycledmtheprocessofpollution
elimination,weintroduceatechnicalcoefficientsmatrix：

Ｒ={島,|j=1,2,…,";ﾉー1,2,…,")，
where蹄specifiestheproductofeconomicindustlyjrecoveredbyenvironmental

industryノwhen./iseliminatingunitpollutantmlerefb1℃,RshouldbetakenfiomA2，
assumingthefbmlof‘ＬＲ，，．
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2.2.BalanceRelationSintheEconomic-Environmentallnput-OutputTable

AseriesofbalanceeqUationsincludingbothvolumeandvaluerelationsarediscussed
here､Ｔｈｅｖｏｌｕｍｅｒｄａｔｉｏｎｓｃａｎｂｅｓｅｔｕｐｂｙｒowequilibriumsandthevaluerelations
canbesetupbycolumneqUilibriumsmtheinput-outputtable、
Accordingtotheusualprincipleofinput-outputanalysis,theｖｏｌｕｍｅbalancecan

beconstructed,basedonthedefinednotations,asfbllows：

(童)化型瓦Ⅶ (1)

Let月'＝{Plj|ノー1,2,…,"}，ｇ＝{P2ﾉ|ノー1,2,…,腕｝referspricevectorsof
economicindustIyandenvironmentalindustIy,respectively・nlevaluebalancecanbe
fbrmulated,basedonthedefinednotations,asfbllow：

②雲[』-仏量川 (2)

Conventionalinput-outputtablesareusuallysetupintwodiffercntfbrms,thephysical
unitfbrmorthevalueunitfbrm・ＩｎＴａｂｌｅｌ，Ｂ,，B2andRarealwaysdefinedas

physicalfbrmsTherefbre,inequation(2),whenthebasicconventionalinput-output
tabletakesaphysicalunitfbrm,Plrepresentsthepriceoftheproductofeconomic
industries・Whenthebasicconventionalinput-outputtabletakesavalueunitfbrm，

周章{峠謝…噸｡…………｡…･…"…
P2alwaysrcpresentstheproductpriceofenvironmentalindustries、

2.3.DefinitiononPolIutionGenerationandElimination

Pollutantsaregeneratedintheprocessofeconomicproduction,pollutionelimination
andfinalconsumptionTherefbre,thetotalvolumeofpollutiongeneratedisdefinedas
fbllows：

〃

Ｇ=GiX1＋G2X2+G3ZJ'１， （３）
ｊ=l

SincepollutantsgeneratedlesspollutantseliminatedequalspollutantsdischaIged,ｗｅ
have

Ｈ＝Ｇ－Ｘ２ (4)

nlecostofpollutioneliminationcａｎｂｅｃａｌｃｕｌａｔｅｄｂｙｔｈｅａｍｏｕｎｔｏｆｐｏｌlutants
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eliminatedandtheirprice,Ｔ１１ｉｓｃａｎｂｅｅｘｐｒｅｓｓｅｄａｓ

ｃ＝ｇｘ２

3．PolicyParametersandEnvironmentalP0licyEfYEct

(5)

Inthemarketeconomy,economicindustriesarenotwillingtoeliminatepollutantsby
ontheirownattheextracostunlessthereisaregulatorypolicyfbrcingthemtｏｄｏｓｏ・
Ｉｎｏｒｄｅｒｔｏｅｘａｍｉｎｅｔｈｅｅｆｆもctofenvironmentalpolicy，weintroduceapollution
eliminationratiomatrixβintoourmodelasfbllCWS：

β={β,|β,＝6,/9,；j=1,2,…,卿=1,2,…,"}(0≦βii≦l）

nlen，βisapolicyparametermatrix・Now,letusconsiderthisprOblemfbrthe

simplestcasebyassumingthattherｅｉｓｏｎｌｙｏｎｅｅｃｏｎｏｍｉｃｉｎｄｕｓｔｒｙａｎｄｏne
envlronmentalindustry,andthatnopollutionisgenemtedmtheenvironmentalindustry、
Undertheseconditions，ｔｈｅｒｅｉｓｏｎｌｙｏｎｅｅｌｅｍｅｎｔｉｎｅａｃｈｍａｔnxorvectordefined

above,sothatweusethelowercasesymbolsα,,α2,9,,y,,ｖ２ａｎｄβtorepresent
theelementsinthecorrespondingmatrixorvector・AccoIdingtoeqUation(2),theprice
ofpollutioneliminationｃａｎｂｅｓｉｍｐｌｙｅｘｐｒｅｓｓｅｄａｓ

α2Ｖ,＋(１－αI)v２
(6)’ｐ２＝

ｌ－ａ１－ａ２β9，

Formula(6)showsthatthepollutioneliminationpriceP2mcreaseswiththepollution
eliminationratioβIfapollutiondischaIgetaxisintroducedintothesystem,andthe

taxrateissettoZ,thenthepollutioneliminationbehavioroftheeconomicindustry

willchangewiththepollutiondischargetａｘｍｔｅＺ､ThiscanbeillustmtedbyFigUre
l・

ＩｎＦｉｇｕｒｅｌ，β、correspondstotheintersectionpoｉｎｔｏｆＺａｎｄハＷｈｅｎ
β＝β,(βi〈β､)，thepollutiondischaIgetaxrateisgreaterthanthepollution
eliminationprice,ｉ,ｅＺ＞Ｐ2,,economicindustrywillchoosethebehaviorof

pollutionelimination,payingtheenvironmentalindustrytoeliminatethepollutant,to

increaseβuntilβ＝β聯(P2＝Ｚ).Andwhenβ＝β2(β2〉β,),indicatingthat

lAccordingtofbrmula(2),thepriceofthepmductofeconomicindustryandenvimnmentalindustIy

蝿‘y……慨鵜’零鱒､…卿．､……‘



６８JournalofAppliedmput･OutpUtAnalysis,Vol､7,2001

Ｒβ‐６ β

Figurel：PollutionDischargeTaxandPollutionDischargeBehavioroflndustIy

thepollutioneliminationpriceisgreaterthanthepollutiondischargetaxrate，ｉ､e・

Ｐ22＞Ｚ，theeconomicindustrywillchoosethebehaviorofpayingataxfbr

dischargingdlepollutant,todecreaseβuntilβ＝β､(p2＝Ｚ).Therefbre,β，is
theoptimalpollutioneliminationratiooftheeconomicindustryrelatedtothepollution

dischargetaxrateZ・IflhepollutiondischargetaxratedecreasesfromZtoZ，

thentheoptimalpollutioneliminationratiowillalsodecreasefmmβ・ｔｏβ,.、
Ｗｈｅｎｔｈｅｒｅａｒｅａｎｕｍｂｅｒｏｆｅｃｏｎｏｍｉｃｉ､dustriesandacoupleofpollutants

involved，theconclusionthatlhepriceofpollutioneliminationisincreasingｗｉｔｈ

βi,(Vj,ｊ）canalsobededuced,andthesameresultasabovecanbeobtained
Therefbre,thepouutioneliminationratioβcanbeconsideredasaregulatorypolicy

parameterrelatedtoapollutiondischargetax・Inthisway,wecananalyzethevolume
andcostofpollutioneliminationatvanouspolicylevels．

4．AnalysisandDesignofPoⅡutionDischargeTax

Inlhissection,mathematicalprogmmmmgmodelswillbedevelopedbothtodetermme
areasonablepollutiondisChaIgetaxratewhichcansustainenvlronmentalqualityand
meeteconomicdemand，andtoestimatethepollutioneliminationratiorelatedtoa

glvenpollutiondischargetaxrate．

4.1.EnvironmentalQualityManagementModel

Anenvironmentalqualitymanagementmodelisdevelopedtoanalyzewhata
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reasonablepollutiondischargetaxratewouldhavebeinordertosustamenvlronmental

qualityandmeeteconomicdemandTheenvironmentalqualitycriterionisoftengiven
mconcentrationstandardandtotalamountofpollutantdischalgestandardSincethe
concentrationcontrolisnotadequatefbrreducingthetotalamountofpollutant
discharged,theenvironmentalqualitycontrolbasedonthetotalamountofpouutant
dischargedisusuallyadopted・Therefbre,theenvironmentalqualitymanagementmodel

isalsodevelopedonthebasisofthestandardfbrthetotalamountofpollution
discharged

Accordingtotheanalysisoftheprecedingsection，ifthepollutionelimination

pncecanbeobtainedfbreachenvironmentalindustry(P2:)associatedwiththegiven
environmentalqualityandeconomicdemand,thepollutiondischaIgetaxratecanbe

easilydeterminedbyusingtheequation恥＝P2:Ｈere,itisassumedthattheTDP
(TransfbrableDischargePermit)tradingisapplied,compellingallindustriestoattam

theminimumpollutionabatementcost・Therefbre,programmmgmodelstoanalyzethe
optimalpollutiondischargetaxratemaybesetupasfbllows：

(1)Objectfimction：

ＭｉｎＣ＝Ｃｌ＋Ｃ２

where

C!＝ZP2,X２，
ｊ＝l

C2＝Ｚ７》;(Zgl,Xlj+Zg2,X2j-X2i）
ｊ=１ノーｌ ノーＩ

CjisthecostfbrprocessmgpollutionandC2isthetaxpaidfbrdischaIging
pollution

Asdiscussedabove,thestablestateofapollutioneliminationsystemcontrolled

byapollutiondischalgetaxcanberealizedonlyatP2i＝恥；thus,theobject

fimctionmaybeexpressedas

ｊ7１〃 Ｊ１’

ＭｉｎＣ=ＺＺ'2i(Zgl,Xlj+Ｚ92,X2,）
ｊ=１ノー１ ノー１

wherep2denotesthepollutioneliminationpnce，andX2denotesthepollutant
eliminate｡､Thesecanbecalculatedaccordingtothevolumebalanceandvaluebalance
ofE-EI/O-Tableas
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〃 〃ｎ

Ｚａｌ,p1,＋Ｚβ１，gliip2,＋1'1,＝plj（ノー1,2,…,"）
ｊ＝ｌ ｊ＝１

〃 〃１

Ｚα2,p１，+Ｚβ2,92,p2,+y2j＝p2j（ﾉー1,2,…,'''）
ｊ＝１ ｊ＝１

吋 〃１

X2,-Ｚβ1,91,Xlj-Zβ2,92,X2j＝】'２，（j＝1,2,…,"'）
ｊ=１ノーＩ

(2)Constramts：
Threekindsofconstraintsaretakenintoaccount:theeconomicdemandconstraint,the

envlronmentalqualityconstraｍｔ,andtheenvlronmentaltechnologycapacityconstralnt・
Theeconomicdemandconstramtcanbeexpressedasfbllows：

〃 、

X１，－重α１，Xlj-Za2iiX2j≧】'１，（j=1,2,…,"）
ノー１ノーＩ

wheraylisthefinaldemandofeconomicsectors・

Theenvironmentalqualityconstramtcanbegivenintwofbrmsasfbllows：
●

Ｘ２ｊ

WhercβIirepresentsthemaximumpollutionabatementratefbrpollutantjinindustry
ノassociatedwithpresentenvlromnentaltechnology・
Ｉｎｓｕｍｍａｒｙ，theenvironmentalqualitymanagementmodelmaybegivenas

fbllows：

Zgl,xlj+Zg2,x2j+93,Ｚｙｌｊ
ｊ=１ ノー１ ノー１

〃 〃１ 〃

Zgl,Xlj＋Zg2,X2j＋93,Zylj-X2,≦耳（1i＝1,2,…〃
ｊ=1ノー１ｊ=Ｉ

whereβidenotestheenvironmentalqualitystandardintermsoftheaveragepollution

eliminationratio,and弓representstheenvironmentalqualitystandardintermsofthe

totalamountofpollutantdischarge・
Theenvlronmentaltechnologyconsｔｒａｉｎｔｃａｎｂｅｅｘｐｒｅｓｓｅｄｉｎｔｅｒｍｓｏｆｔhe
maxlmumpollutioneliminationratioasfbllows：

(j＝1,2,…,〃;ノー1,2,…,"）

(j＝1,2,…,砿ノー1,2,…,”）

島
一
角

く
一
く
一

吻
玲
β
β

く
一
く
一

０
０
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ｍ

ＭｉｎＣ＝Zp2i(Zgl,ﾉrlj+Zg2,X2j）
ｊ=１ﾉｰｌ ノー１

馴蹴蝋…’
S､t、

(7)

::淵蝿嵐Ｉ (8)

〃
▽
今
御

Ｘ２ｊ
≧β；（j＝1,2,...,"）

９１〃Ｘｌノ＋

〃 〃１ 〃

Ｚ91,x1,＋Zg2iix2j+93,ｚＪﾉｌｊ
ｊ=１ノー】ノーＩ

９２〃Ｘ２ノ＋ｇ３ｊ

ｏｒ

〃
雨
全
戸

ｍ

Ｚ
ｊ=I

随：瞬刈
FoImula(7)representstheconstraintsofsatisfj/ingdemandineachindustIy；

ylノーX2i≦耳（j＝1,2,…,"）

(１０）
島
一
角

く
一
く
一

も
為
β
β

く
一
く
一

０
０

fbrmula(8)isanonlinearequationfbrcalculatmgthepriceofpollutionelimmation；
fbrmula（９）expressesenvironmentalqualityconstraintsintermsoftheaverage
pollutioneliminationratiostandardorthetotalamountofpollutantdischaIgestandard；
fbrmula(１０)givestheconstraintofenvironmentaltechnology、

InalloftheprOgrammingmodelsabove,pollutioneliminationratioβiiisthe

prOgrammingvariablelfβ;expressesthesolutionoflheprogrammingmodel,the

pollutioneliminationpriceofeachenvironmentalindustryP2:correspondingtoβ；
canbegottenaccordingtorestriction(8).T11enthepollutiondischaIgetaxratecanbe

detenninedbylcttingな＝P2:．



＝1,2,…,"）
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4.2.ＡｎＥ縦ctivityAnalysisModelofthePollutionDischargeTax

Aneffectivityanalysismodelofthepollutiondischargetaxisdevelopedfbrestimating
thepollutioneliminationratiomrelationtoagivenpollutiondischargetaxrate・As
discussedabove，ifpollutiondischaIgepermlttradingisputmtooperation，all
industrieswillregUlatetheirpollutioneliminationbehaviorstoreachastatewherethe
socialaveragepollutionabatementpriceisjustequaltothegivenpollutionelimination
taxrate・Onlyunderthisconditionwillthetotalpollutionabatementcostcorresponding
tothegivenpollutiondischargetaxratereachitsmlmmum、Ｂａｓｅｄｏｎｓｕcha
consideration，aprogrammingmodelfbranalyzingtheeffectivityofapollution
dischargetaxcanbesetupasfbllows：

Ｊ7１ｎ

ＭｉｎＣ=ＺＺ'2,(Zgl,Xlj+Zg2,X2j）
ｊ=１ノー１ ノー１

鼠tXl,－Ｚａｌ,Xlj-Za2,X2j≧yl，（j=1,2,…,"）
ノー１ ノー１

Ｘ2,-Ｚβ1,91,Xlj-Zβ2,92,X2j＝y２，（j=1,2,…,'"）
ノーｌ ノー１

Ｚα１，p１，＋Ｚβ'’91,p2,＋vlj＝ｐｌｊＵ
ｊ=１ ｊ＝ｌ

耐

Ｚα2,p１，+Ｚβ2,92,p2,＋1'2j＝ｐ２ｊ
ｊ=ｌ ｊ=１

(ノー1,2,…,〃）

恥ｐ２ノ≧

(j＝1,2,…,";ノー1,2,…,"）

(j＝1,2,…,";ノー1,2,…,"）

鳥
一
角

く
一
く
一

も
み
β
β

く
一
く
一

０
０

where恥denotesthegivenpollutioneliminationtaxratefbrpollutantﾉ.The

pollutioneliminationmtioβＩ,isalsothepmgmmmingvariablehere,andthesolution
willgivetheavailablepollutioneliminationratiorelatedtothegivenpollution

dischargetaxrate恥．
obviously,intheprogrammingmodel,whilethepoⅡutioneliminationmtioequals

zero（βij＝0,Ｖ〃），thepollutioneliminationpricedoeｓｎｏｔｅｑＵａｌｚｅｒｏ
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(P2j≠0,V/).Thisindicatesthattheinitialinvestmentandpaymentfbrlaborfbr
envlromnentalprotectionhavealreadytakenplace，
Inaddition,theeffectivityanalysismodelofapollutiondischargetaxdeveloped

hereissetupfiomthepointofviewofindustry,consideringthepollutionelimination

processintermsofeconomicbenefit・Ifpollutioneliminationefficiencyisalso
emphasizedbythegovemment，otheradditionalrCgulationsregardingapollution

dischargetaxandrelatedconstraintsshouldbetakenintoaccount．

5．ACaseStudyofHeilongjiangProvinceinChina

5､１．ＡGeneralIntroductiontotheStudiedArea

LocatedinthenortheastofChina,withatotalareaof452､９０thousandsquarckm，

Heilongjiangisalargeprovince､Attheendofl995,thepopulationofHeilongjiang
wasabout9296million､Inthepast,theChinesegovemmenthasinvestedconsiderable
financialresourcesfbrdevelopingbasicindustryinHeilongjianglndeed，total
productsoriginatinginHeilongjiangreached2020hundredmillionRMBinl995・

Concomltantwithheavyeconomicproduction，pollutionhasbecomeasenous

problemintheprovince・AccordingtoChina，snationalstatisticalagency，large

amountsofwastewater，wastegas，andresidueweregeneratedanddischaIgedin
Heilongjianginl995，

Wastewaterdischargewasl287､l7milliontons，withindustrialwastewater

accountingfbr693.89milliontons,ｏｒ53.91％ofthetotal､Theindustrialdischargeof

COD(ChemicalOxygenDemand)was217thousandtons,about3％thatoftheWhole

country・

Thetotalvolumeofwastegasemissionwas5451hundredmillioncu．ｍ,with
industrialwastegasat4224hundredmillioncu．ｍ，77.49％ofthewhole・Thetotal

industrialdischargeofS02(SulphurDioxide)was245thousandtons,about２％that

ofthewholecountry・nletotalindustrialdischalgeofTSP(TotalSuspendingParticles，

mcludingsootanddust)was596thousandtons,whichoccupiesabout4％thatofthe
Wholecountry・

Heilongjiangprovincehasmadeeffbrtstoprotecttheenvlronment・Inl995,it

invested182.79ｍillionRMBonatotalof433prQjects・nlenumberofenteIpnsesand

organlzatlonsrelatedtoenvlIonmentalprotectionhasreached360,withhxedassetsof

aboutl１．４hundredmillionRMBFurther,regUlationsregaIdingapoⅡutionemission

chaIgehavebeene錠ctivelyimplementedinHeilongjiangprovince,whichinl995

1mposedpollutionemissionchargesofaboｕｔｌＯＯｍｉｌｌｉｏｎＲＭＢ

5.2.PollutionEmissionChargeSystemiｎＣｈｉｎａ

nleprovisionallawonpoⅡutionemissionchargewasputinfbrＣｅｉｎＣｈｉｎａｏｎＪｕｌｙｌ，
1982.ThislawisratherunusualintheworldinthatitdefinesnormsfbrthedischaIge

ofmanypollutantsonanationwidescale，ThissysteminvolvescollectingaCharge
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firommdividualfiImsaccordingtotheamountandtypeofpollutantstheydischarge
intotheenvlronment､Whilethesystemwasinitiatedinthebeliefthatitwouldinduce

individualfirmstoreducetheamountofpollutantsdischargedatthepollutionsource
througheconomicdisincentive,inflct,thesystemdoesnotseemtofimctionverywell、

First，sincethestandardsofemissionchaIgearecalculatedaccordingtothe
concentrationofpollutants,Ermsareallowedtodilutepollutantsintolargeamountsof
watertoreducetheconcentrationlevelbelowthestandardlnaddition，ifindividual

firmsdischargemorethanonepollutantfi｢omthesameoverfloworstack,theamount

ofthechargeisbasedonlyonthemostpoisonousmaterial,Thisisnotadequateasa
measuretoreducethetotalamountofpollutantdischaIge・

Second,therearemanyinadequaciesinthepresentemissionchargessystem.A
chalgediffersfTomafine､Theaimoftheemissionchargeistoinduceindividualfirms
tosaveresoｕｒｃｅｓａｎｄｔｏｒｃｄｕｃｅｔｈｅａｍｏｕｎｔｏｆｐｏllutamsdischarged・ｍｍｓ，itis
assumedthatthelevelofthechaIgeshouldbesetupslightlyhigherthanthemaIgmal
pollutioncontrolcostoftheavelagelevelofthesociety(Yang,1981,Zhou，1981)．
However,sinceitisdi鐙culttomeasurethepollutioncontrolcostaccurately,theaim
oftheemissionchaIgelegulationcannotfhlfilled、

Therefbre,theenvlronmentalprotectionagencyofChinahasbeenconducting
researchonrefbrmingthepollutionemissionchaIgesystemSomecities,ｆｂｒｅｘａｍｐle
Shenyang，areconsideringtheestablishmentofnewsystemsofairqualitycontrol
basedonthetotalamountofpollutantsdischarged．

5.3.Ａ、OvewiewoftheApplicationProblem

Themodelsdevelopedfbrtheanalysisofaregionalpollutiondischargetaxwillbe
appliedtoHeilongiiangProvince,locatedmthenortheastofChina､Inordertoshow

theapplicabilityofourmodel,wetakeaclassificationbyaggrCgatingtheeconomic

systemmtosixteenmaJorsectorsandconsideringthreemajorpollution-processing
industries,ThetotalnineteenindustIiesarcasfbllows：

１．Agriculture

２．MiningindustIy

３．Food,beverage,andtobaccoprocessingindustry
４．Textileindustry

５．Leather,filrs,andrelatedproductsindustry
６．Papermakingandpaperpmductsindustry

７．Productionandsupplyofelectricpower,steamandhotwaterindustry

８．Petroleumprocessingindustry

９．Coking,gas,coalproductsindustry
lO,Chemicalindustry
ll・Buildingmaterialsandothernonmetalmineralpmductsindustry

l2Smeltingandpressingoffermusmetalsandnonfbrrousmetalsindustry

l3・Metalpmductsindustry

l4・Machinebuilding,electricequipmentmanufacturingindustry
l5、Otherindustry
l6・Othertradeg



TheeconomicsectorsgenerateCOD,ＳＯ２andTSPintheprocessofproduction,witha
certaingenerationrateG1,andtheenvironmentalsectorselimｍａｔｅＣＯＤ,ＳＯ２ａｎｄＴＳＰ，

withpollutioneliminationratioβrelatedtoagivenpollutiondischargetaxrate．
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5.4.AssumptionsonInputData

Datafbrtheconventionalelementsoftheinput-outputtablewerecollectedfmm

severalsources，4,,,,,砿,ﾘﾉ1,】ﾉiaredrawn廿oma33sectorsI/O-Tableinthe

Co"qP』わ"o"q/､S”s"cαﾉMhrerjqﾉq/､”ﾉり"g/jα"ｇβ952-j99Ciﾉ；Ｂ，ａｎｄＧ１ｗｅｒｅ

ｆｒｏｍｔｈｅＥ"v"o"〃e"”ノｙｾα池ｏｏｋＱ／Ｃﾙj"α仰9刀，雄』わ"g/j”ｇ鋤"s"cα／
】ﾉｾαめＣＯﾉM99刀andotherenvironmentstatisticalreferencesofHeilongjiangprovmce・

Asdiscussedabove，A2andRaretechnicalcoe麓cientmatncesrelatedtopollution

eliminationtechnology・Thesedatacouldbeprovidedbymdustrialtechnologyprocess
analysisortheassociatedexperlmentalinvestigations・However，becauseofthe

unavailabilityofsuchexpertdata,weassumeazerorecyclerate,ｉ､e、Ｒ＝０，While

Ａ２ｗａｓｅｓｔｉｍａｔｅｄｂａｓｅｄｏｎＥｂｏ"o”Ｃａ"αZ1gc力"j“ﾉ恥"必ｏｏｊｔｑ/Whsrewarer

Processj"ｇ加Ｃ力加α（WangFukang，1992)，“DesiglandImplementationofa
PollutionEmissionChargeSysteminChi､a，，(YangJintianandWangJinnan,ｅｔａｌ，
1998)andexpenmentalstudiesinHeilongjiangprovinceSincetherearenostatistical

investigationsaboutpollutiongeneratedandeliminatedinAgricultureandinthefinal
demandsector,thereisassumedtobenogenerationandnoeliminationinthesesectors・
Inaddition，sincepollutiongeneratedandeliminatedintheprocessofpollution
eliminationisverysmall，andsincetherearenostatisticali､vestigationsabout
pollutiongeneratedandeliminatedmthisprocess，thereisalsoassumedtobeno
generationandnoeliminationinthisprocess，

Ｉｎｔｈｉｓｗａｙ，theconventionalinput-outputtablewithpollutiongenerationand
eliminationrelationsfbrthestudieｄａｒｅａｏｆｌ９９５ｃａｎｂｅｓｅｔｕｐａｓＴａｂｌｅ２、

FollowingLiandIkeda(2001),theeconomic-environmentalmput-outputtablefbr

thestudiedareainｌ９９５ｃａｎｂｅｓｅｔｕｐａｓＴａｂｌｅ３．

5.5.CalculatingResultsandObsewatio、

CalculationandanalysisareperfbｒｍｅｄｏｎｔｈｅｂａｓｉｓｏｆｔｈｅＥ－ＥＩ/Ｏ－Ｔａｂｌｅｓｈｏｗｎａｓ
Ｔａｂｌｅ３，andrelatedrefbrencedataofthestudiedareainl9951hataregivenwiththe

relatedcalculationandanalysisresults・

Inaddition，accordingtopresentenvimnmentaltechnologyconditionsinthearea
studied,themaximumabatementratefbrCODandSO2aresetat80％,ａｎｄＴＳＰｉｓｓｅｔ
ａｔ９５％inallindustIies．
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Here，botheconomicgrowthandenvironme､talprotectionwillbetakeninto
acCount､Whentheeconomygrowsfi｢omYl1995＝(425.08,375.24,227.75,19.81,230,

-10.85,1497,23.20,1.65,‐９２９，‐0.81,‐56.05,‐6.36,133.55,‐1.20,875.53）to

Yl2000＝(59620,526.29,319.43,27.78,3.23,‐15.22,21.00,32.54,2.31,‐13.03,

-1.14,-78.61,-8.92,187.31,‐1.68,1227.98),increasingbyanaverageof7％each
year,thefbllowingrelatedanalysiswouldbeperfbrmed．

A）Howtosetthepollutiondischargetaxratesothattheaveragepollutionelimination

ratioremainsatthel9951evel・Correspondingly，howmuchpollutionwillbe

generate｡，eliminatedanddischargedandwhatｉｍｐａｃｔｄｏｅｓｔｈｉｓｈａｖｅｏｎｔｈｅ
ｅｃｏｎｏｍｉcsystem？

B）Howtosetthepollutiondischargetaxratesothatthetotalamountofpollutiｏｎ

dischargedremamsatthel9951evel・ColTespondingly,howmuchpollutionwillbe

genemted，eliminatedanddischargedandwhatｉｍｐａｃｔｄｏｅｓｔｈｉｓｈａｖｅｏｎｔｈｅ
ｅｃｏｎｏｍｌcsystem？

C）Ifthepollutiondischargetaxrateissetatthelevel(1069.50ＲＭＢ/TonfbrCOD，

1209.80ＲＭＢ/ＴｏｎｆｂｒＳＯ２ａｎｄ５３０､２０ＲＭＢ/TonfbrTSP）suggestedbythe

researchfbundmDes妙”ｄ加P陀胴e"""o〃ｑ/､αＰＣ"""o〃Ｅ"'jssjo〃Ｃﾙα'9ｅ
恥花加加Ｃｈ腕α(YangJintianandWangJinnan,etal,1998),howmuchpollution
willbegenerate｡,eliminatedanddischaIged？Whatimpactdoesthishaveonthe
economlcsystem？

ThecalculatedresultsareshowninTable４，Ｔａｂｌｅ５ａｎｄＴａｂｌｅ６・AccordingtoTable
４ａｎｄ５，wecanconcludethefbllowing：

Iftheaveragepollutioneliminationratioiskeptatthel9951evel,thepollution
dischaIgetaxrateshouldbesetatlO62.25ＲＭＢ/ＴｏｎｆｂｒＣＯＤ'1202.69ＲＭＢ/ｒｏｎ

ｆｂｒＳＯ２ａｎｄ527.40ＲＭＢ/TonfbrTSP，Pollutiondischarged,however,willincrease
from2,１７×ｌＯ５ｔｏｎｏｆＣＯＤ，２．４５×ｌＯ５ｔｏｎｏｆＳＯ２ａｎｄ３､１７×ｌＯ５ｔｏｎｏｆＴＳＰｔｏ
３．０４×lO5ton,３．４３×ｌＯ５ｔｏｎａｎｄ５､２０×ｌＯ５ｔｏｎ,increasingby40､09％,40.00％,ａｎｄ
64.04％，respectively・Andthetotalpollutionabatementcostwillincreasefmm

l２．２５×ｌＯ８ＲＭＢｔｏ１７．１３×ｌＯ８ＲＭＢ,increasingby39､84％・
Ifthepollutiondischargediskeptatthel9951evel,thepollutiondischargetax

rateｓｈｏｕｌｄｂｅｓｅｔａｔｌＯ６４､５２ＲＭＢ/ＴｏｎｆｂｒＣＯＤ，1205.30ＲＭＢ/ｒｏｎｆｂｒＳＯ２ａｎｄ

５２８,５２ＲＭＢ/ronfbrTSP・Pollutioneliminated，however，willincreasefrom
383×ｌＯ５ｔｏｎｏｆＣＯＤ,０．１２×ｌＯ５ｔｏｎｏｆＳＯ２ａｎｄｌ５､１５×ｌＯ５ｔｏｎｏｆＴＳＰｔｏ６,２６×lO5
ton，１．１７×lO5tonand22､７８×lO5ton,increasingby63､45％,８．７５time,ａｎｄ50.36％，
respectively,whilesimultaneouslythetotalpollutionabatementcostwillalsoincrease
by64.16％,ｆｒｏｍ12.25×ｌＯ８ＲＭＢｔｏ２０､１１×lO8RMB
IfthepollutiondischargetaxIateissetatl069.50ＲＭＢ/ｒｏｎｆｂｒＣＯＤ，1209.80

ＲＭＢ/ＴｏｎｆｂｒＳＯ２ａｎｄ５３０､２０ＲＭＢ/TonfbrTSPsuggestedbytheresearｃｈｉｎ
"DesignandlmplementationofaPollutionEmissionChargeSysteminChina"(Yang
JintianandWangJinnan,etal,1998),theaveragepollutioneliminationratioofCOD
willbe58.90％,ＳＯ２ｗｉｌｌｂｅ69.70％,ａｎｄＴＳＰｗｉｌｌｂｅ７９､９１％､Thepollutiondischarge
ofCOD,ＳＯ２ａｎｄＴＳＰｗｉｌｌｂｅ３､４６×lO5ton，１．０９×ｌＯ５ｔｏｎａｎｄ５３２×lO5ton,which
whencomparedwiththefiguresfroml995，increasedby59､45％，-55.51％ａｎｄ
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67.82％,respectively､Atthesametime,thetotalpollutionabatementcostwillmcrease
by59､92％,ｆｒｏｍ１２．２５×ｌＯ８ＲＭＢｔｏ１９．５９×lO8RMB

Inaddition，calculationresultsshowthatthetotalproductandpriceofeach
industryalsochangewiththepollutiondischargetaxrate,ａｓｓｈｏｗｎｉｎＴａｂｌｅ６,under
theconditionwherethesamefinaldemａｎｄｉｓｍｅｔ、Thisindicatesthatapollution
disｃｈａＩｇｅｔａｘａｌｓｏｈａｓａｎｉｍｐａｃｔｏｎｔｈｅｅconomicsystem，andthatthereare
complicatedinteractionsbetweentheeconomicandtheenvlronmentalsectors,anditis
importanttodesignanenvlronmentalpolicywhosepollutiondischargetaxratesreflect
thiscomplexity．

6.ConCludingRemark

WehavepresentedanewfiFameworkfbranalyzinganddesigningapollutiondischarge
taxbasedonaneconomic-environmentalinput-outputmodelwhichallowsusmore
clearlytodiscussthemteractionsbetweenenvironmentalpolicyandtheenvlronmental
protectionbehaviorofeconomicmdustries・

Ｔhecasestudyshowsthattheinteractionbetweeneconomicandenvironmental

systemscanberegulatedwithapollutiondischargetax､However,inordertomakethe
systemworkefficientlyandtorealizecertamspecialrequirementsfbreconomicor
envlronmentalquality,itisnecessarytomakeadjustmentsinpollutiondischaIgetax
rates・Ｆｏｒexample，ｉｎｃａｓｅＡａｎｄＢｏｆｔｈｅｃａｓｅｓｔｕｄｙ，iftherearenoadditional
regUlationsappendingtothepollutiondischalgetax,underthepollutiondischargetax
rateprogrammed,thegivenenvlronmentcondIitioncannotbereached､Thisflctcanbe

wellunderstoodfi｢ｏｍａｓｔｕｄｙｏｆｃａｓｅｓＡ,BandCThesolutionofcaseCisnotthe

mostefficientintermsofpollutionelimination，ｂｕｔｉｓａｎｏｐｔｉｍａｌｏｎｅｉｎｔｅｒｍｓｏｆ
ｅｃｏｎomyfiromthepointofviewofindustries・

ＴｈｅcasestudyalsoshowsthattheE-EI/O-Modelsystemprovidesanacceptable
methodfbrdealingwiththeinteractionsbetweenenvlmnmentalpolicyandthe
envlronmentalprotectionbehaviorofeconomicindustries，Ifnecessalyinitial
investmentismademenvlronmentalprotection，andTDPmarketandenviromnental
policymechanismareintroducedintothepresentenvironmentalprotectionsystem,the
activitiesofenvironmentalprotectionwillworkasanindustIywithoutfail，ａｎｄ
calculationresultscanberealize｡、

However,therearcmanyremainingresearchissuesrequiringanalysiswithouｒ
ｆｉｒａｍｅｗｏｒｋＥ－ＥＩ／Ｏ-Model，suchastheinteractionsamongpolicyparametersand
technologicalinnovations；policyparametersandthecapacityoffixedassets；and
policypaIametersandenvironmentalprotectioninvestment．
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