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Abstract

lnthispape風theauthorsdescribeanenergy-economymodelfbrmulatedasadynamicopti-
mizationmodelwhichdealswithmulti-rEgions,multi-sectorsandenergytechnologies.'Ihis
model，ｎａｍｅｄＴＨＥＲＥＳＩＡ－ＴｂｗａｒｄＨｏｌisticEconomy,ResourceandEnergyStructurefbr
lntegratedAssessment-dealswithl5worldrcgions，l2non-energyindustrysectorsand7
energysectorstoassessthemiddle-to-longtermglobalwarmingpoliciesincludingthecal-
culationofsectoraleconomicimpactsandeneIgytechnologystrategies､ＴＨＥＲＥＳＩＡａｌｓｏｉｎ‐
corpOratestwolabourcategories，ｉ,e､，thehigh-educatedlabourandthegenerallabour
fbrces，toevaluatehowthesubstitutabilitybetweenprofessionallabourandcapitalinflu‐
encestherelationshipbetweeneconomicactivitiesandenvimnmentalpolicies,reflectingthe
expansionofsuchknowledge-basedindustriesasinfbrmationandbusinessservices・The
simulationresultsshowusthat（１）thehighlabour迄capitalsubstitutabilitycasegiveshigher
economicgrowththanlowsubstitutabilitycase,(2)worldGrossDomesticProductslossiｎ
２０３７ｉｓ1.37％（CO2-550ppmvstabilizationscenario)ａｎｄ３．１０％（CO2-450ppmvstabiliza‐
tlonscenario）inlowlabour迄capitalsubstitutionwhile2､96％（CO2-550ppmvstabilization
scenario）ａｎｄ5.25％（CO2-450ppmvstabilizationscenario）inhighlabou限capitalsubstitu‐
tioncase,ａｎｄ(3)theeconomiclossintheconsmlctionsectorislaIgeaswellasmachinery
sectorswhiledamagesintheservicesectorsaIerclativelysmall．

Ｋｅｙｗ⑪rds：Multi-region，Multi-sector，Inter岩temporaloptimization，Energytechnolo
●

ｇles

llntroduction

Since2005whentheKyotoProtocolwastakenintoeffect，theevaluationofglobal
warmingmitigationmeasuresbecomesoneofthecentralintemationalpolicyissues、
ＴｈｅＮｏｂｅｌＰｅａｃｅＰｒｉｚｅ２００７ｆｂｒｔｈｅlnteIgovemmentalPanelonClimateChange

(正CC）activitiesseemedtorecallthepublicconcemonglobalenvironmentalissues・
HoweveEthesituationtowardstheimplementationofmitigationinstitutionsisstillfar
fTomtheagreementsincethereremamsasenousuncertaintyinthelong-teImcostsａｎｄ
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benefitsofglobalwaImingmitigation.WithrEspecttotheeconomicdamagesunderthe

g1℃enhousegascontrolpolicies，theexistingintegratedassessmentmodelscollectedin

thePCC-AR4-WG3provideO､2％-2.5％worldGrossDomesticProducts(GDP)losses

companngwithBusinessAsUsual（BAU）ｉｎ２０３０ｕｎｄｅｒｔｈｅ５３５－－５９０ｐｐｍｖＣＯ２

ｅquivalentconcentrationstabilizationpolicy・

ＡｌｔｈｏｕｇｈｌＰＣＣ－ＡＲ４ａｓｗｅｌｌａｓＳｔｅｍＲｅviewin2006concludesthemitigation

costsaresmall，itshouldbenotedthattheexistingmodelsdonotalwaysincoIporate

thedynamicchangesinsectoralproducｔｉｏｎｏｒｔｈｅｉndustIyreallocationwhichwill

changetheworldindustrystructureinthenextdecadesespeciallyintheAsiaregion、

1,2008,JapanesegovemmentproposedanewmitigationmeasuIewhichfbcuseson

thepotentialcarbonemissionmitigationbysector-i.e､，‘‘sectoralapproach'，asPost-

Kyoto・Althoughitisnotclearwhetherthisapproachisacceptableornot，theassess-

mentofsuchnewproposalrEquiresdetailedfbrmulationofeconomicactivitiesaswell

asthedynamlcsandthevarietyofeneIgytechnologies・

GlobalTradeAnalysisPrQject(GmP)(Hertel,1997;ＧＴ岨2008)hasoftenbeen

employedtoevaluatethetradeandindustlystructurcundertheglobalwarmmgmitiga‐

tionpolicies．（NationalInstitutefOrEnvironmentalStudies（NIES)，2008；Paltseva

aﾉ.，2005）Iterativedynamiccalculationprocedureisbasicallyemployedtogenerate

thedynamlceconomicactivities・However，thedynamicinterTelationshipsamongen-

elgytechnologyoptions，industlystructureandthewarmingmeasuIcsarenotevalu‐

atedsincetheexistingmulti-sectoralmodelsaIcbasicallyfbrmulatedasstaticmodels・

Ｉｎｔｈｉｓｐａｐｅ風theauthordescribesanaltemativemodelwhichisalsofbrmulated

asadynamicoptimizationmodelincoIporatingmulti-regions，multi-sectorsandenergy

technologies，ｎａｍｅｄＴＨＥＲＥＳＩＡ－ＴｂｗａＩｄＨｏｌｉｓｔｉｃＥｃonomy，ResourceandEnergy

StructurcfbrlntegratedAssessment-fbrthemiddle-to-longtermassessmentofclimate

policies・ＴＨＥＲＥＳIAdealswithl5worldregions，l2non-eneIgyindustrysectorsand

７eneIgysectors・THERESIAalsoincorporatestwolabourcategories，ｉ､e､，pro企ssional

labourandgenerallabourfbmes・TheauthoremploystheCESproductionfimctionbe‐

tweencapitalandprofessionallabourwithlowsubstitutability・Capitalandprofessional

labourCESfUnctionisconnectedwithnon-professionallabour，secondaryenergy

sou1℃esandotherinputsintheCobb=DouglasproductionfUnctionfbrm、Theresults

a１℃comparedwiththecasewhe1℃thehighsubstitutabilitybetweencapitalandprofes-
sionallabourisassume｡．

２OverviewofIntegratedAssessmentModels

Whenthepolicymakerwantstobuilduppolicymeasuにstakingintoaccountthein-

teractlonsamongenvironmentalimpacts，economlccostandtechnologicalavailability，

quantitativeevaluationsofthosefactorsa1℃mostlyneededandthenhewillexplorethe
mostpreferableoptionmixbasｅｄｏｎｔｈｅｃomprehensiveinfbrmation､Integratedassess-
mentmodels(IAMs)havecontributedtoevaluatethepolicymeasuresunderthecom‐

plexintenelationshipsamongenvironment，energy,economy,technology,IesourCeand
societalissues，especiallyintheglobalwaImingissues・InteIgovemmentalPanelon
ClimateChange(IPCC)eagerlyemployedlAM，stoprovidethefUturesocio-econoｍｌｃ



THERESIA:Tbw3mHolis1icEconomXResou庇eandEneIgyStructulEfbrlhelnte印nIedAsscssmentofGlobalWamlingMitigalionOp1ions23

scenariosandevaluationofpolicymeasures，ｅ,9．Carboncontrolcostundervanous

wamlmgmitigationpoliciesandtheroleofcarbonsequestrationtechnologies（PCC-
SRES,2000;IPCC-mﾍR,2001;IPCC-AR4,2007)．

ApioneenngworkoflAMisDICEmodeldevelopedbyNordhaus（1994)where
globalwarmingsystem，economicactivitiesandwarmingdamagefimctionsareinte-
gFatedinacompactnon-linearoptimizationmodeLAlthoughDICEdidnotincludethe
eneIgytechnologyflows，ｉｔｈａｓｂｅｅｎｅｘｐａｎｄｅｄａｎｄｕｓｅｄｆｂｒｔｈｅassessmentsofclimate

policies・MERGEdevelopedbyA・ＭａnneandRichels(Manne，1993）isanexpansion
ofenergy-economicsmodelETA-MACROdevelopedinl970ｓ（Manne，1977)．
MERGEinvolvestheabovefburmodulｅｓｗｈｉｃｈａ1℃linkedbydataexchanges・ＩＭＡＧＥ

(Alcamo,1993）ａｎｄｌＭＡＧＥ２､０(Alcamo,1994)assessedthewarmingimpactsonag‐

ricultureandbiosphereusingdetailedlandusedata､InJapan，NationallnstituteofEn‐
vironmentalStudies(NIES)hasbeendevelopingtheAIMprQjectincludingpluralde‐

tailedmodelmodules（NIES,2008).MARIA(Mori,2000)expandedtheDICEmodel

toincludedetailedeneIgyflowmodule,landusechangemoduleandfboddemandand
productionmoduledividingtheworldmtoeightregions・Thesemodelsarestillbeing
expandedtoassesstheglobalwarmingpoliciesrEflectingnewscientificfindingsand
politicalsituations・

ＭｏｓｔｏｆｔｈｅｌＡＭｓｄｅｖｅｌｏｐｅｄｉｎｌ９９０，smainlyfbcusedonthelong-termassess‐

mentsofglobalwarmingmitigationandeneIgytechnologiesunderlOOyｅａｒｔｉｍｅｈｏｒｉ－
ｚｏｎａｓｗｅｌｌａｓｆｂｓｓｉｌｆUelrcsou1℃eexhaustionissuesthrough21stcentury・Economic

activitiesalemostlyaggrcgatedintoonemacro-sectoⅢThus，ｔｈｅｙｆａｉｌｔｏａｓｓｅｓｓｔｈｅｄｙ－

ｎａｍｉｃｓｔｒucturalchangesintheintemationalreallocationofindustrysectors､Schafera．
αﾉ.(2003)extensivelymentionstheneedfbrthemultisectormodelfbrtheIAM・

Ontheotherhand,the妃aIEsomeComputableGeneralEquilibrium(CGE)mod‐

elsincludingmulti-sectoreconomicactivitiesfbrmultiregions.ＧTAP（Hertel，1997）
andG-CUBED(McKibbin,2000),whichaleoriginallydevelopedtoanalyzetheinter‐

nationaltradeissues，havebeenextensivelyappliedtotheglobalwalmingissues・For
instance,正centversionofAIM（N正S，2008）ａｎｄＭＩＴＥＰＰＡ（Schafereraﾉ.，2003；

Paltsevaaﾉ.,2005）extensivelycombineGTAPandenergytechnologymodeltogen‐

eratethedynamlcsectoralimpactsofglobalwarmingmitigationmeasures、HoweveL
theoriginalCGEmodelisbasicallyfbrmulatedasstaticandtheydonotincludede-
tailedenergytechnologyflowslikeMERGE（Manne，1993）ｏｒＤＮＥ－２１（Ａｋｉｍｏｔｏａ
ａＩ.,2004).MostofcurrcntstudiesinvolvingCGEmodulerequireaniterativecalcula‐

tionprocedu1℃togeneratedynamicscenanosexchangingintemlediatedataamong
modelmodules・However,whenoneisinterestedinthecapitalfbrmationbehaviourin

themanufacturingandtheenergysectorsundercarboncontrolpolicies，aninteIL
temporaloptimizationmodelisneeded・

ApioneenngworktodevelopaninteILtemporaloptimizationmodelwithmulti‐
sectors,multi-rcgionsandenergytechnolｏｇｉｅｓｉｓｐｒｏｖｉｄｅｄｂｙＨｏｍｍａｅｒａＩ．（2007)，
namedDEARS（DynamicEnergy-economicmodelwithmulti-Regionsandmulti‐
Sectors)asapartofanintegratedassessmentprQjectonglobalwarmingbyResearch
lnstituteoflnnovativeTbchnologyfbrtheEarth（RITE）（Moriααﾉ.,2006).DEARS
incorporatesthedetailedeneIgy-relatedtechnologiessuchastheadvancedpowergen-
eratlonoptionsandcarbonsequestrationoptions､THERESIAdescribedinthispaperis
developedtoevaluatethemiddle-to-longtermeconomicimpactsofclimatepoliciesby
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extendingtheproductionstructurｅｏｆＤＥＡＲＳ・

ItshouldbealsonotedthatexistinglAMsalcmainlyutilizedtoassessthecertam

carboncontrolpolicyontheeconomicactivitiesandenergytechnologystrategies

ratherthantoestablishthecostandbenefitanalysisofglobalwarmingduetotheｌａｃｋ

ｏｆ‘‘economicdamagescausedbytheexpectedglobalwaImmgphenomena''・Thus，the

potentialproblemsofcostbenefitanalysisintheglobalwarmingissuesa1℃notclari-

fiedyet，Nonetheless，ＩＡＭｉｓｓｔｉｌｌｔｈｅｏｎｌｙｔｏｏｌｔｏａｓｓｅｓｓｔhepoliciesquantitatively
keepingtheintemalconsistencyoftheassessments．

３Model刑rmIIlation

３．１０verviewandthefbrm叩I2ti⑪ｎ０ｆｔｈｅｍ⑪del
●

FigurelshowstheconceptualstruｃｔｕｒｅｏｆＴＨＥＲＥＳＩＡｍｏｄｅｌｗｈｉｃｈｉｓｓｉｍilartothe

conventionalinput-outputmodelexceptfbrtheenelgysectors・Boththeprimalyand

thesecondaryeneIgyinputsalefbrmulatedinphysicaltermsincludingmultipleeneIgy
conversiontechnologyoptlonsexhibitedinFiguIE2unliketheexistingCGEmodels・

THERESIAhastwospecialfeatuIestoevaluatethesectoralactivitiesindetails：

first,ＴＩ正RESIAcancontainboththesectoralproductionfimctionsandtheagg正gated
onetodealwiththetrade-offbetweendetailedoutcomeandnumericalcalculationdifL

ficuｌｔｙｗｈｉｌｅＤＥＡＲＳｈａｓｏｎｅｍａｃｒｏｐｍｄｕｃｔionfimctionfbreachregion・Forinstance，
curTentTI正RESIAinthispaperincorpomtesthesectoralproductionfimctionsfbrthe

ironandsteelindustrysectoEthechemicalproducts，pape風cementandglassindustry

１ｍ．

lnputs

Value

Add型

Output

FigUrel:Conceptualframework0fTHERESIA(simpliEed)･）

Non－

eneIgy

Secto応

EneIgy
Secto応

１

２

PrimaIy

SecondaIy

CapitalK

LabourL

Ｑ

Intermediatelnpuls

Non-eneIgy
SeCtOIS

１ ２

Ｘ,,＝ Ｘ１２＝

Ｑ,．aｌｌ Q2･a1２

X2I＝ Ｘ誼＝

ＱＩ･a2１ Q2･“

０ ０

ＸｅI＝ Ｘｅ2＝

PeE PeE

Pk．Ｋ， Ｐｋ･Ｋ２

ＰＬ･ＬＯ ＰＬ･Ｌｚ

Q， Q２

Energysectors

PrimaIy

０

０

０

０

VＡ一p唾

EＣ_prE＝

PPS

Secondary

０

０

Ｘｐｅ

０

ＶＡＥ
ー

EC＝

ＰｅＥ

Finaldemzwl

tｍｄｅ
Invest- Ｃon‐

mentS sumptlon

、 Ｉ Ｃ

ｍＩ Ｉ Ｃ

ｍ２ Iｚ Ｃ２

ｍｐ ０ ０

０ ０
Ｃｅ＝

PeEc

Output

Ｑ

Q，

Q２

EＣーpre＝

PpS

ＥＣ＝

ＰｅＥ

Ｙ

Ｑ

。）FbrthesakeofsimplicitybinteImediateinputsandlabourcostsfbrenergysectorsa1℃ominedinFiguIE2・Needless
tosaybthesenumbemsar準、ＯｔａlwaysOaccordingtoIhestatistics．
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Figu正２:Concept⑪fEnergyFlows(Simplified）

Primaryenergy

sectorandthetransportationmachineIyindustlysectorl・Second,laboursectorisclassi‐

fiedintotwocategories，ｉ､e・professionallabourandothernon-pmfessionalgroupac‐

cordingtotheGT)ﾍPdatabase・ＩｎＴＨＥＲＥＳＩＡ，twotypesofproductionfimctionaIe

fbrmulatedandcompared：Cobb-Douglastypefimctionofprofessionallabo皿other

non-professionallabourウcapitalandsecondalyeneIgyinputsimplyingunitysubstitu‐

tionelasticityamonginputfactorsandCESfimctionwithlowsubstitutabilitybetween
professionallabourandcapitalimplyingthattheroleofeducationcouldbestrongly

embodiedinthecapital,ThercalEsomereasonstoassumedifferentsubstitutabilitybe-

tweenprofessionalandnon-professionallabour;ｔｈｅｆｉｒｓｔｏｎｅｉｓｔｈｅｒａｐｉｄｇｒｏｗｔｈｏｆｉn-

fbrmationtechnology(IT)industries､Theknowledgebasedengineers,thesoftwarede‐

velopersandotherexpeItslikelawyersandexecutivemanagersmayhardlybesubsti-

tutedbytheinfbrmationequipmentwhilethegeneralclericalworkerscouldberＥ‐

placedbythesophisticatedtechnologies・Ｉｔｉｓａｌｓｏｔｈｅｃａｓｅｔｈａｔｔｈｅｒｅａｌ巳ｗｏｒｋｅｒｓｉｎ

ｔｈｅｆｉｒｍｓｗｈｏｃｏｕｌｄｂｅｒｅｐlacedbytheindustrialrobotsandalsotheprofessionalengi-
neerswhoarenot．

3.1.1FoImulati0n0feneIgyflows

EnergyflowsfiromfbssilfUelstoelectricityalefUrtherdisaggregatedintosuchpower

generationoptionsasconventionalfiredplant,advancedcombinedcycleplantandfUel

cellwithdifferentefficienciesandcapitalcosts､ＴｈｅｙａＩＢａｇｇ肥gａｔｅｄｉｎｔｏＶＡＥｉｎＦｉｇ－

ｕｒｅｌ・ExtractionandproductioncostofprimaryeneIgysourceisassumedtobea

fimctionofcumulativeproductionfbllowingRogner（1997).Tbtalextractionandpro‐

ductioncostduringtheperiodisrep肥sentedbyVA-preinFigurel・Ｔｈｅｓｅａｒｅｆｂｍｍ－

ｌａｔｅｄａｓｆｂｌｌｏｗｓｆｂｒtheperiodtandregionh．

Ｓ偽と,＝ＺｊＸＥｈ々.， （１）

sﾉｂｋ‘＝ＳＤＡ上,＋Ｓｊｍｌｂ上‘ (2)

ＴＨＥＲＥＳＩＡｓｔｉｌｌＩＥｑｕｉｒｅｓａｍｕｎｄｔｗｏｄａｙｓｆｂronecalculationwithl5regions，ｌ２ｉｎdustrysectors

and7energycategorｉｅｓｆｂｒ７ｐｅｒｉｏｄｓｂｙＧＡＭＳ－ＣＯＮＯＰＴ３ｏｎ3.2ＧＨｚｉ７ＣｏｒＥＰＣ
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ｋ：primalyenergysoume,ｋ=coal,oil,ｇａｓａｎｄｏｔｈｅｒｓ

./:secondaryeneIgy,ﾉーliquidfUel,thermaleneIgyandelectricity

SA虹:primaryeneIgysupply
SDhと‘:primaryenergydomesticproductioｎ
s”ｈと,:primaIyenergynetimport
XEji々.,:ｅｎｅｒｇｙｆｌｏｗｆｒｏｍｐｎｍａｒｙｅｎｅｒｇｙｋｔｏｓecondaryenergyノ

ｘＥｈ,U,‘＝ｚ",ｘＧ伽,kj"， （３）

、：conversiontechnologies

XGhkj歴‘：eneIgydemandfbrconversiontechnologymofprimalyeneIgykfbrsecon-
daryenergW

EIij.,＝亘緬珊伽…ＸＧｈ邸",＋Ｅ”ｌｉｉ，（４）

凪,:secondaryeneIgysupply

E”ｹﾙ‘:secondaryenergynetimport(onlyfbrliquidfUel）
Ejpkj風,:Conversionefficiencyoftechnologym

…=…峰,･会(肌怜肌)×吟（５）
w4-p"偽上'＝sD1ik’×ハ(Ｓｃ"ｍ１ｉｋ’）（６）

Ｓｃ脚加hと,:cumulativeproductionofprimaryeｎｅｌｇｙｋ
Ｙｒ:durationofonesimulationperiod（lOyears）

./Ak(x):extractionandproductioncostsupplycurveoffbssilenergy

W4-EIiｊ‘＝Ｚｋｚ,"ＸＧ附勾.",×ＦａＩｉﾙ"，（７）

Ｆ℃ejhlu.”：capitalcostofconversiontechnologymofprimaIyeneIgykfbrsecondary
energyノ

WholesalepricesoftheprimaryandthesecondaryeneIgyaredefmedbythetotal

cost,i､e・capitalcosts＋intermediateinputs＋labourcosts(ifavailable),dividedbyto-

talsupply．

3.1.2Fbrmulationoflaboursupply

GTAPdata-baseprovidestwolaboursupplycategories，ｉ､e・professionallabourand

othernon-professionallabomItcouldbegenerallyunderstoodthat（１）thebusiness

serviceindustryincludingtheinfbrmationandcommunicationsectorandthefinance

servicesectorarerElativelylowercapitalintensivethanexlstmgmanufacturingindus‐

mesandthat(2)thecapitalandequipmentsareembodiedinthehumanresourcesasa

basisofthoseknowledge-basedbusinesses・Themorethefractionoftheseindustriesin

theworldeconomygrows，themoretheprofessionalorhigh-educatedlabourwouldbe

neededasthekeydrivingfbrce・Itwouldbeaninterestingtopichowtheworldindus-

trystructurcisinfluencedbytheestablishmentoftheeducationandprofessionaltrain‐

ingsystem・Furthermore，thosestructuIechangeswouldalsoaffecttheeconomicim-

pactsoftheglobalwarmingmitigationpolicies・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，unskiuedlabour

wouldbemorcflexiblysubstitutedbycapital・

THERESIAmodeltriestoassesshowtheintemationaleconomyandenergystruc-
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ｗhe1℃ｗﾙand仏representtheweights・Wetentativelygivewhand“ithetotalcon‐

sumptionandtheconsumptionfractｉｏｎｏｆｃｏｍｍｏｄｉｔｙｉｉｎｒｅｇｉｏｎｈ，respectively・Itis

alsoassumedthattheconsumptionandtheinvestmentvectorsinthegovemmentalsec-

torgrowproportionallytoGDRAccordingtoGTARArmingtonmodelonthetradable

goodsisalsoimposed．

3.2Ｄａｔａｄｅ侃nition

THERESIAdealswithl5regions，l2industrysectors,４primalyenelgysou1℃esand3

secondalyeneIgycategorieｓｓｈｏｗｎｉｎＴｎｂｌｅｌｗｈｉｌｅＤＥＡＲＳ（Honma,2006)contains

l8regions，l8industrysectors，７primalyenergysourcesand4energycategories・

ＢａｓｅｄｏｎＧＴＡＰＶｅＥ５，weaggregatedthesectorsand1℃gionsaccordingtotheTklble.’

皿ｂｌｅｌ：Definitionofregions,industrysectorsandenergy

（a)Region （b)Industrysectors

Ｃｏｄｅ Region Ｃｏｄｅ Industry

ＵＳＡ ＵＳＡ,Canada IＮＳ lronandSteel

ＭＣＭ CentralAmerica ＣPＧ Chemicalproducts,Paper

ＢＲＡ Ｂｒ ＧｌａｓｓａｎｄＣｅｍｅｎｔ

SＡＭ SouthAmerica
ＴＲＮ TTansportaionMachinery

ＷＥＰ ＷｅｓｔｅｍＥｕropa
ＯＭＥ Othermachinery

ＥＥＰ ＥｌｓｔｅｍＥｕropa
FPR FbodandBeverage

FSU FOImerUSSR ＣＮＳ Construction

ＡＦＲ Afiica ＴＷＬ Tbxtiles

JPN 』apa、
０ＭＦ OthermanufactuIinｇ

ＣＨＮ China ＡＧＲ AgricultuIEandFishery

ＡＳＮ East-SouthAsia ＴＴ Transportatlonservices

IＮＤ India ＢＳＲ Businessservices

ＴＭＥ Middle-East SSR Socialsewices

ＡＮＺ Oceania

ＸＡＰ Restoftheworld

(c)EneIgy

Ｃｏｄｅ Description

Ｃｏａｌ Ｃｏａｌ

Ｏｉｌ

PrimaIy
Ｇaｓ Naturalgas

ＲＮＷ nuclearandrenewables

Ｐ Ｃ Oilproducts

Secondary ＴＨＭ Thelmalenergy

ELC Electricity



０．４

0.3

Figu正３:Assumptiononfmturefracti⑪nofpmfbssionallabour
０．６

0.2

0.1

哩
岬
恥
湖
睡
醒
函
佃
恥
恥
恥
岬
恥
皿
ｗ

一
一
十

０．５

THERESIA:1bwa1d-HolisticEconomy,Resou1℃candEneIgyS1IucluIEibrtheInte卸aIedAsscssmen1ofGlObalWamngMiti8anonOplions29

(a)ａｎｄ（b).Weextracttheenergyproduction,conversionandconsumptiondatafm、

配AEneIgyBalanceTnbles(IEA,2007).WeaggrEgatesuchnon-fbssilprimaryeneIgy
soumesasnuclearpower,biomass,ＰＶ;windandotherrenewablesintoonecategoly
"ＲＮＷ，，wheretheconversionefficienciesofnuclearpowe喝ＰＶａｎｄｗｉｎｄｐｏｗｅｒａｒｅ
ａｓｓｕｍｅｄｔｏｂｅ３３％，100％ａｎｄｌＯＯ％respectively・

Whilethewageexpenditu正bysectorisprovidediｎＧｍｄＬＰｄａｔａ，thesectoralla-

bourfbmeinnumberbycategoryisnotavailable,SincethedefinitionofGTAPlabour

categoIyfbllows皿O,accordingtothe皿OLabourStatistics（ＬＯ２００７),wepicked

upthetotallabourfbme(Ltotal)andprofessionallabourfbrce(LHtotal)byregionWe

distributedtheLtotalandLHtotalamongsectorsproportionallytothewageexpendi-
tureassumingthattheeffectivewageisidenticalamongsectors・

ＩｎＴＨＥＲＥＳＩＡ，totallaboursupplyisgivenexogenously・WeestimatethefUturE

laboursupplyinthefbllowingmanner：first，fUturetotallaboursupplyofeach１℃gion

growsproportionallytotheprQjectedpopulationgivenbyUN(2006)byrcgionSec‐

ond，weestimatethefUturet１℃､dsoftheshalBofprofessionallabourextrapolatingthe

historicaltrendassumingtheirupperlimittobe５０％､Figure3exhibitstheprQjection
oftheprofessionallabourshare・

TheparametersonproductionfimctionsaleestimatedbasedonGmdLPveｒ５ｉｎ

ｌ９９７・Ｗｅａｌｓｏａｓｓｕｍｅｄｔｈｅ５％discountrate・FbrCESproductionfimction（Equation

(9)),substitutionelasticitybetweencapitalstockandprofessionallabourisneeded､Itis

prcferabletoestlmatethembasedonthehistoricaldata、Ａｔｔｈｅｍｏｍｅｎｔ，ｄｕｅｔｏｔｈｅ

ｌａｃｋｏｆｔｈｅｄａｔａ,wetentativelyassumedO､２unifbrmly2､Ｂａｓｅｄｏｎｔｈｅｃｏｓｔｓｈａｒｅａｍｏｎｇ
capital，eneIgyinputs，andtwolabourclassｅｓａｓｗｅｌｌａｓｔｈｅａｂｏｖｅｅｌａｓｔｉｃｉｔｙｏｆsubsti‐

mtion,theparametersoftheproductionfimctionsin（８）ａｎｄ(9)canbedeterminedby

thecalibrationprocedure(GmdLR2008).Actualvaluewouldbebetweenthislowvalue

and１．０(Cobb-Douglascase)．

1997２００７２０１７２０２７２０３７２０４７１‐‐~~~‐｜

*）Datafbrl997-2047isexhibitedtoshowtheconvergencebehaviourofprofes‐
sionallabourfTactionalthoughthemodelrEsultsarcavailablefbr1997-2037.

０

２Ｔｈｅvalue０．２wasselectedaslowaspossibletogivethestablecalculationinthisstudy．

強》
引例

γ／･／三ダラ髪乏蕊
:三二二三§三二三髪吾二三iジグ
壷=三¥二二X≦三二二参一ノ
塵ニヨニ→一一幻〆
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4.1Ｓｉｍ血Iationcases

VarioussimulationcasesareavailablebasedonTHERESIAmodeLInthispaper,we

prBsentthefbllowing6casesfbrl997-2037：

CES-BAU:lowsubstitutionelasticity(=0.2)betweenprofessionallabourandcapi‐
tal

CES-550：ＣＥＳ－ＢＡＵ＋CO2550ppmvconcentrationcarboncontmlpolicy

CES-450:ＣＥＳ－ＢＡＵ＋CO2450ppmvconcentrationcarboncontrolpolicy

CDG-BAU：highsubstitutionelasticity（=1.0）betweenprofessionallabourand
capital

CDG-550:ＣＤＧ－ＢＡＵ＋CO2550ppmvconcentrationcarboncontrolpolicy

CDG-450:ＣＤＧ－ＢＡＵ＋CO2450ppmvconcentrationcarboncontrolpolicy

lnthecarboncontrolpolicycases，ｗｅｅｍｐｌｏｙｔｈｅＷＲＥ－５５０ａｎｄＷＲＥ－４５０ｃ韮

bonemissiontrajectorieslPCC-T)ﾍＲ(2001)whichprovideatmosphericCO2concentra‐

Ｕｏｎａｔ５５０ｐｐｍｖａｎｄ４５０ｐｐｍｖｉｎ２１００，respectively,Ｉｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔｗｅｄｅａｌ

ｗｉｔｈｏnlycarbonemissioninsteadofthetotalassessmentoｆａｌｌｇｌｏｂａｌｗａｒｍｉｎｇｇａｓｅｓ
ｓｕｃｈａｓＣＨ4,Ｎ20,ＣＦＣ，s,etc・sincethemeasurementofemissions,themitigationcost

andthetechnologicalavailabilityofthesegasesarefarmoleuncertainthanthoseof
CO2・FurthermoIatheabovecarbonemissioncontrolpolicyinvolvingallcounmes

implytheperfectglobalemissiontradingsystemunliketheemissiontalgetpoliciesre‐
centlyproposedbynationsindividually・

Figure４exhibitsthecarbonemissionupperｌｉｍｉｔｓｃｅｎａｒｉｏｓｏｎＷＲＥ－５５０ａｎｄ
ＷＲＥ－450．CarbonemissionsimulationresultｓｏｎＣＥＳ－ＢＡＵａｎｄＣＤＧ－ＢＡＵａｒｅａｌｓｏ

ｅｘｈibitedinthisfigure,wherecarbonemissionshouldhavebeenal正ａｄｙｒｅｄｕｃｅｄｆｒｏｍ

ＢＡＵｐａｔｈｉｎ２００７ｔｏｍeetthefUtu１℃carbonconcentrationstabilization．

FiguI℃４：Carb0nemissi0nscenari0⑪ｎＷＲＥ－５５０ａｎｄＷＲＥ－４５０ａｎｄｓｉｍｕｌａｔｉｏｎ
ｒｅｓｕｌｔｓｏｎＣＥＳ－ＢＡＵａｎｄＣＤＧ－ＢＡＵ

３０JoumalofAppliedlnput-OutputAnaIysis,Vb1.16,2010
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2.00％
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4.2Resqnlts

SimulationresultsonCES-BAUarefirstlyexhibitedasreferenceofsimulations､Figu1℃
５showsthesimulationresultsontheｇｒｏｗｔｈｒａｔｅｓｏｆｗｏｒｌｄｒｅｇｉｏｎａｌＧＤＰａndworld
sectoralGDPbetweenl997-2037andl997-2017・ＩｎＣＥＳ－ＢＡＵ，worldannualGDP

growthrateis2､１５％wherethoseofdevelopedregionsa１℃slightlymoderate，

Figure6exhibitsthepnmaIyeneIgyproductionprofilefbrCES-BAUａｎｄＣＥＳ

５５０・Ｗｈｅｎcarboncontmlpolicyisimposed,botheconomicactivitiesandenergytech-

Figu正５：ＡｎｎｕａｌｇｍｗｔｈｒａｔｅｓｏｆｒｅｇｉｏｎａｌａｎｄｓectoralGDPduringl997-2037
andl997-2017(CES-BAU）

1997-2037199 7-2017
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ＦｉｇＵｍ６：Worldprimaryenergypmductionpmfiles
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(a)CES-BAU (b)CES-550

nologiesa1℃influencedtomeetthecarbonemissionlimit・ＩｎｔｈｉｓｐａｐｅＥｗｅｆｂｃｕｓｏｎ
ｔｈｅｇｌｏｂａlcooperationscenario・EmissiontradesunderthediffeImtiatedemission
rightsandothernewmeasuにslikesectoralapproachesa1℃nottoucheduponinthis
papeⅢFigurc7exhibitstheregionalandthesectorａｌｌｏｓｓｏｆＧＤＰｏｆＣＥＳ－５５０ｆｒｏｍ
ＣＥＳ－ＢＡＵｉｎ２０１７ａｎｄ２０３７・

OnecanobservethatGDPlossappearsrdativelylalgeindevelopedregionsin

FigurB7exceptfbrAFRandTＭＥＴｈｅｌｏｓｓｉｎＣＨＮｉｓｌｏｗｗｈｉｌｅｔｈａｔｉｎｌＮＤｉｓｌａｌｇｅ・
Theeffectsofcarboncontrolpolicycouldappeardifferentlyespeciallyamongdevelop-

ingIcgions・Thelossesofoutputsinmanufacturingindustriesandconstructionsector

relatedtothecapitalfbImationaIelargerthanservicesectors､ＷＯｒｌｄＧＤＰｌｏｓｓｃｏｍｅｓ
ｔｏ２､03％ｉｎ２０１７ａｎｄ1.37％ｉｎ2037,respectively,Theabovetendencyholdsinmore

stringentcarboncontmlcase・

ＦｉｇｕｒＥ８ｓｈｏｗｓｔｈｅｒegionalandthesectorallossofGDPｏｆＣＥＳ－４５０ｆｒｏｍＣＥＳ－
ＢＡＵｉｎ２０１７ａｎｄ２037,ｗｈｅｒｅｗｏｒｌｄＧＤＰｌｏｓｓｃｏｍｅｓｔｏ２､67％ｉｎ２０１７ａｎｄ３､１０％ｉｎ

2037,respectively・

Whenthesubstitutionelasticitybetweenprofessionallabourandcapitalstockis

high,theeconomicactivitiesvaryevenifotherconditionsalBidentical・Figure9shows

thegrowthrateofoutputsbasedonlowelasticitycase(CES-BAU)toseehowthere‐

gionalandthesectoraloutputsareinfluenced・

Figure9(a）suggeststhatGDPinsuchnewlydevelopedregionsasEERFSU，

ＣＨⅢV,nJDandASNinc配asesinCDG-BAUreflectingtheflexibilityoflabo皿０necan

observethatsuchcapitalrclatedindustriesasmaterial,machineryandconstructionsec-

torsgrowhighlyinhighelasticitycaseespeciallyin2017asshowninFigure9(b）

whiletheinc1℃ａｓｅｄｒａｔｅｓｉｎ２０３７ａｒｅａｌｍｏｓｔｓａｍｅ､ThissuggeststhatCDG-BAUcase

stimulatesthecapitalfbrmationintheearlystage､Thus,ＷＯｒｌｄＧＤＰｉｎＣＤＧ－ＢＡＵｉｓ

ｌａｒｇｅｒｔｈａｎｔｈａｔｏｆＣＥＳ－ＢＡＵａｔ３､97％ｉｎ２０１７ａｎｄａｔ７､98％ｉｎ2037．

ＨｏｗｅｖｅｎｔｈｅｌｏｓｓｏｆＧＤＰｉｎｃａｒｂｏｎcontrolpolicyshowsdifferentpicture・Figurc

lOshowstheIegionalandthｅｓｅｃｔｏｒａｌｌｏｓｓｏｆＧＤＰｏｆＣＤＧ－５５０ｆｉＦoｍＣＤＧ－ＢＡＵｉｎ
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indevelopingregionsalerelativelymoderatethanthoseindevelopedregionexceptfbr
AFRandTIV矩.ＩｎＡＦＲ,althoughthechemicalpmductsindustry(CPG）increasesun‐

derglobalcarboncontrolpolicies，othermanufactulingindustrieslosemarket・Ｉｎｔｈｅ
ｃａｓｅｏｆＴＭＥ,ｍｏｓｔoftheindustrysectorsdecreaseexceptfbrthesocialservicesector

(SSR).Inotherwords,thecarboncontrolpolicycouldexpandthediscrepancyineco‐

nomicactivityespeciallyamongdevelopinglegions．

５Conclusion

１ ９９７２００７２０１７２０２７２０３７

K-CESandK-CDGreprcsenttrEndｓｏｆｃａｐｉｔａｌｓｔｏｃｋｉｎｌｏｗａｎｄｈｉｇｈｅｌａsticitycasesrEspec-

tively．Ｋ/ＬＨ－ＣＥＳａｎｄＫ/LH-CDGshowratiosofcapitalstocktopmfessionallabourinlowand
highelasticitycasesrespectively．

lnthispape喝wedescribedtheoutlineandsomesimulationresultsofthedynamic
multi-sectoralmulti-regionalintegratedmodelTHERESIA・ＯｕｒcurTcntfindingsareas

fbllows：first,theeconomiclossofcarboncontlolpolicyappearsrelativelylaIgeinde‐

velopedregions､Second,economicdamageinsuchcapitalrelatedindustIyasironand

steel，machineryandconstructionarerelativelyhighwhilethoseinserviceindustries

arelow､Third，ifweassumethattheprofessionallabourisstronglyembodiedinthe

capital，throughtheshifttothelowcapitalintensivestrucmre，economicdameges

causedbythecarboncontmlpolicycouldbemitigated・

ＴＨＥＲＥＳIAcurrentlyleavesmanyassumptionscausedbylackofinfbrmation､Fbr

instance,theprQjectionofinput-outputcoefficientsismostlyneeded､Althoughwe

haveproposedamethodapplyingmultivariateanalysis（Ybda(2001)),itsperfbImance

hasnotbeenwelldiscussed,TheestimationofcapitalcoefficientmatrixanditsprQjec-

tiona１℃mostlyneededtoseetheindustrytransferindetails・Otherconstramtsor

modificationsoftheequationswouldbeconsideredtoreflectthesocietalchangesin

配ality・
Nonetheless，ｗｅwouldconcludethatthemodelframeｗｏＩｋｏｆＴＨＥＲＥＳＩＡｗｅ
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