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Europe,ｔｈｅＵ.S､Ａ､,andEastAsia

By
MitsuoSaitoandlchiroTokutsu．

Abstract

Multi-sectoralproductionfimctionsareestimatedfbrsixcountriesbasedon

input-outputtablesoftheLeontieftype・Theadoptedfimctionaliblmisofthe2-level
CEStype,whichwellservesfbravoidingpossiblemulticolliniarityintheeconometric
estimation・Theresultsatisfiesthequasi-concavityconditionsoftheproductionfimction
fbrallcountriesandindustries､Theobtainedestimatesofthepriceelasticityoffactor
demandandtheelasticityofsubstitutionamongvariousintermediateinputsalEthus
reasonablebothinsignandmagnitude・Variationinpammetersacrossindustriesand
countriessuggeststhattheestimatescanserveasrcierencesibrthepmpercalibrationof
pammetersinthecomputablegeneralequilibriummodel．

1.Introduction

Moststudiesonmput-outputanalysisarebasedontheassumptionoftheconstancyof
inputcoefficients・Mainlyfbritssimplicityandempiricalutility,theassumptionof
fixedinputcoefficientshasbeenwidelyacceptedbyscholarsandappliedtoseveral
fieldsofinterestininter-industrystudies､Fromtheviewpointoftheneoclassicaltheory
offirm,however,mputcoeflicientscanberegardedasthefimctionofpriceswitha
givenleveloftechnology・Inthissenseitmaybymorercalistictoassumethatinput
coefIicientｓｖａｒｙｉｎｒｅｓｐｏｎｓｅｔｏａｐｒｉｃｅｃｈａｎｇｅｅvenintheshort-mnwithagiven
technologylevel、

Ｔｈｅcomputablegeneralequilibrium(CGE)model,whichhasbeenextensively
appliedtotheempiricalanalysisofinter-industrystudiesinrecentyears，isalso
groundedinthisneoclassicalfTamework，Itshouldbenoted，however,thatinmost

casestheparametersintｈｅＣＧＥｍｏｄｅｌａｒｅobtainedbycalibrationwithoutstatistical
examination・Oneofthemostdifficultproblemsofestimatingtheendogenizedinput
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Coefficientsintheneoclassicalftameworkmaylieinmulticollinearityduetothelarge

numberofparameterstobeestimatedcomparedtotherelativelyscarcesample
observations・

Themainpurposeofthisstudyistoendogenizetheinputcoefficientsbythefilll
useofthebench-markinput-outputtables,andthetimeseriesdataofcapital,laborand
aggregatedintermediatematerials・Theessentialfbatureofourmethoｄｉｓｔｈａｔｉｔｉｓ
ｄｅｓｉｇｌｅｄｓｏａｓｔｏａｖｏｉｄthemulticollinearityproblembyassumingatwo-levelCES
fimctionoftheKLEMtype1andweakseparabilityofthemputstructure,Themodelis
estimatedfbrsixcountriesinEurope,ｔｈｅＵ.Ｓ､Ａ､,andEastAsiaTheestimatedresults
ofallcountnesarecomPared,acomparisonwhichservesnotonlytoshowparticular
featuresoftheproductionstructureofeachcountry,butalsotoexaminetheempirical
validityofourapproachasextensivelyaspossible、

ＴｈｅｒｅｓｔｏｆｌｈｅｐａｐｅｒｉｓｏＩｇａｎｉｚｅｄａｓfbllows・Themodelanditsestimation
methodareexplainedinSection2・Sections3and4aredevotedtotheinterpretationof
theempiricalresultsfbrtheaggregatedlevel(KLEM)andindividualnindustrylevel，
respectively・Theestimatedresultattheaggregatedlevelfacilitatesacomparisonof
ourestimateswiththoseothers，andhelpsusderivepracticalimplicationsfTomour
empiricalstudy,TheestimatedIcsultattheindividualindustrylevelamountshowthe
finalfbnnofourmodeLItmayservefbrtheconstmctionofaninput-outputmodelof
morcthan20sectorswithendogenousinputcoefficients・Finally,Section5isdevoted
toconcludingremarksandtheeconomicimplicationsofthestudy．

2．ＴｈｅModel

Thebasicaccountingframeworkofourmodelisaninput-outputtableoftheLeontief
type，Inthisframeworkallintermediateinputsfmmindustriesshouldbetreatedas
flctorsofproduction,aswellaslaborandcapitalinputs,Thisisverylikelytocause
multicollinearityinanestimationbasedoｎtimeseriesdata,duetothelargenumberof
explanatoryvariablescompaIedtothenumberofsamples，

Oneeffectivewaytoeliminatethisproblemmaybetoaggregateseveralinputs
mtotheaggregateinputwiththeproperaggregatorandtodecomposetheestimation
procedureintoaseriesofstagesinordertodecreaselhenumberofparameterstobe
estimatedateachstage・Undertheassumptionofaperfectmarketandthecost
minimizingprincipleoffirms，behavior，ｉｔｉｓｗｅｌｌｋｎｏｗｎｔｈａｔｉｆｔｈｅｐｒｉｃｅｆｂｒthe
aggregatevariableisdefinedpｒｏｐｅｒｌｙｂｙｔｈｅｄｕａｌｆｉｍｃｔｉｏｎｔｏｔｈｅａggregator，the
optimizationineachaggmgationlevelisexactlyequivalenttoglObaloptimization・
Basedonthisidea,weaggregatetheintermediateinputsofindustry蝦(/＝l,…,")into
energymaterialsEandnon-energymaterialsMandthenadoptthe2-levelCES
productionfimctiondevelopedbySato(1967).２

lKLEMstandsfbrfburfactorsofpmduction,Ｋ(capital),L(labor),E(energy),andＭ(material)，
respectively，
２Nemoto(1984)alsoestimatedthe2-levelCESproductionfimctionoftheKLEMtypefbrthree
energy-intensiveindustriesbasedoncmsssectiondatainJapan．
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Tablelpresentsthebasicaccountingschemefbrourmulti-sectoralproduction
fimctionFirstofall,letusexplaintheaggregationmethodofintermediatemputs蝦，s
mtoaggregatednon-eneIgymaterialsMandaggregatedenergymaterials＆atthe
individualmdustryleveLEquations（１）ａｎｄ(2)showthatMand＆arerelatedto

intermediateinputs聯，sbytheCobb-Douglasfimctionwithconstantretumtoscale．

〃,="iⅡxｼ,ｚ６弧='， （１）
ノ E 恥 ノ E 入 ，

且＝eｊⅡx:，Ｚc’＝１． (2)
ﾉＥル ﾉＥﾉｅ

Undertheassumptionofconstantretumtoscale,齢，sandCji，scanbeestimatedasthe
relativesharesof恥，sinJMand凪respectively・Thatistosay，

‘臓二α'１/蔓α締 （３）

‘'=oIi/三輪， （４）

where輪，sareinputcoefTicientsinvalueterms・
Intheactualestimation，threeindustries，‘‘coalandoilmining，，，‘‘coalandoil

products，，ａｎｄ‘‘electricityandgas”intheinput-outputtablesaredefinedastheenergy
supplyingindustriesTheaggregatepricesoffMandPEiａｒｅｄｅｆｉｎｅｄａｓｔｈｅdual
fimctiontotheCobb-Douglasaggregators(1)and(2)，

肌=("，in礁)．!Ⅱ岬， （５）
ノEふｊＥﾙ，

胆=(eiⅡｃ７)』Ⅱ剛昇
ﾉEル ノEル

(6)

Scaleparametersoftheproductionfimction,碗ｊａｎｄｅｊ,canbeobtainedbysetting
themtounityinthebaseyear・InthecalculationofEMandP＆above,weassume

thattheexponentpaIameters,齢ａｎｄ恥varyovertime,reflectmgthechangeof
technologybutthesechangesaIejustcompensatedfbrbytheaccompanyingchangein
耐iandeirespectively,３Asisseenmequations(1)and(2),thisimplieslhatthechange
in6ﾉandCjwovertimeleadstoneitheranmcreasenoradecreaseintotalflctor
productivityintheproductionｏｆＭａｎｄ＆、Usingtheseaggregatepnces，real
non-eneIgymputandenergyinputatconstantpriceareestimatedaｓし7Ｗ２Ｍａｎｄ
Ｊ/EMP＆,respectively．

３１notherwords,theestimatesfbrtherateofchangeinmjandejarerepresentedas

△,",/恥_,＝ヱー必戯lnXj｡,andAe,/ei,_,=ヱー△cjilnxル
ノEjh，ｊＥル
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Ｔａｂｌｅｌ：BasicAcCountingScheme
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Atthefirstaggregationlevel，theenergy-capitalaggregateinputEKiis
constmctedbytheCESaggregationfimction，ｉｆｅｎｅＩｇｙ＆，ａｎｄcapital馬ａｒｅ

weak-separablefiomotherinputs,MandLj､T11eaggregatoratlhisstageispresented

bythefbllowingequation：

凪＝eﾉt,血i耳‘‘‘＋ｄＭ『助ｌ]-％， （７）
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＊Weakseparabilityofenergyandcapitalisassumed・
ThedefinitionoflhesymbolsisprovidedinAppendixA．

血i＋此＝1，

OｕｔｐｕｔＸｉＸｉ X;，リリYｉ唖
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ツケ＝1/(l＋"j);elasticityofsubstitution

Thefirst-orderconditionfbrcostminimizationyieldsthefbllowingequation．

星/K,＝ﾊﾄ(PKi/凪)崎，ヘー他/此)”． (8)

Wecanestimatetheelasticityofsubstitutionbetweenenergyandcapital，勝，
basedonthelog-linearfbnnoftheabovefirst-orderconditionasfbllows:４

ｌｎ(且/Ki)＝Ｍ＋vIln(PKi/凪)．（９）

ByapplyingthedualfimctiontotheCESfimction(7),wecandefinethepricefbr
theeneIgy-capitalaggregatemputas

PEK'＝eﾙＦｌ[〃四一吻十卿服)-蹄]'′('-,1)． （１０）

T11escalefactoroftheproductionfimction,eAi,isagainestimatedbysettingPEKito
unityatthebaseyear・Accordingly,theenergy-capitalaggregateinputatconstantprlce，
EK),canbeestimatedasJEKMPEK>，

Thelastaggregationstagegivesustheestimatesfbrtheelasticitiesofsubstitution

amongM,ＥＫ),andLj,andtherateoftechnicalprogressofthelaboraugmentingtype、
Atthissecondaggregationlevel,theoutputofeachindustryisrelatedtotheabove
thIBeinputsbythefbllowingCESproductionfimction：

ｘ;＝xi[伽,肱'i＋火AiEKrり＋“(Li．e'v)-'i]－１ﾉ'i， （11）

血十火ｋｉ＋“＝１

Ｓｉ＝1/(l+城elasticityofsubstitution

Thefirstorderconditionfbrcostminimizationatthesecondstageis

Mバーxfi-l‘加畑/〃i)､

肌/Ｚ＝x:1-1伽畑/PEK))，

(12）

(13）

Ｌｉ/X,＝xfi-l卿(ｆ１/砿)鋤.exp[(si-W1（14）

Weincorporatetwodi錠rentchronologicaltimetImdsr，ａｎｄら，reflectingthe
breakdownintechnicalprogressafterthefirstoilcrisisofl973・Theelasticityof

substitution,sjandthemteoftechnicalprogress,入,jａｎｄ入2j,canbeestimatedbythe
fbllowinglog-linearfbrmofthethrcefirst-orderconditions：

４１tshouldbenotedlhattheelasticityofsubstitutionestimatedbyequation（９）isdefinedonthe
isoquantoftheaggEgatedinput“・Thatistosay,itisnotAllen，spaItialelasticityofsubstitution，
whichisdefinedontheisoquantofoutputXi．



４０JournalofAppliedlnput･OutputAnalysisＶ01.7,2001

where

ln(Ｍｉ/Xi)＝siln(2/EMi)+βM‘

ln(Ⅸ,/XI)=s,ln(E/PEK,)+βExI

ln(ﾑ/X))＝siln(2〃)+γ,,/,＋Y2ir2＋βL，

13M!＝(si-l)lnxi＋siln伽i，

βExj＝(si-1)lnxi＋silndbAi，

βL,＝(si-l)lnxi＋silMZ，

γ,i＝(si-l)入,i，ａｎｄ

(15）

(16）

(17）

γ2i＝(si-l)入2j・

Undertheassumptionofweakseparability,thepriceelasticitiesofthefburfactors
arecalculatedintermsoftheelasticitiesofeachaggregationlevelandtherelative

sharesoffburinputsmthefbllowingway､sInthecaseofenergy-capitalseparability，
wecandefinethepriceelasticityofcapital,Kwithrespecttoenergyprice,ＰＥ,as
fbllows：

息権=器雲器|…
６１，Ｋ６１ｎＥＫ６１ｎＰＥＫ

＋－．－．－

(18）

６１ｎＥＫ６１ｎＰＥＫ６１ｎＰＥｌｘ=c…

Equation(18)meansthatthetotale錠ctoftheenergypricechangeisthesumof
thepriceeffect,withEKbeingconstantandthequantityeffectowmgtothechangein
aggregatepricePEKinducedbythechangeinPEFollowingBemdtandWood(1975)，
ｉｎwhatfbllowswecallthefirstterm〃ere姉"cjl0ﾉandthesecondteIme平”sjo〃

eﾉﾋ1s”〃・Also,Allen，spartialelasticityofsubstitutionbetweenenergyandcapitalcan
beexp配ssedbydividingtherighthandsideofequation(18)bytherelativeshareof
capitali､put,恥thatistosay，

sInthediscussionofelasticityfbraggregatedimputs,allthesubscriptsjshowingindustlywmbe
eliminatedfbrsimplicity．
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obtainalltheownandcrosspriceelasticitiesandelasticityofsubstitutionamongall

theinputs・Theabovediscussionshowsthattheelasticitiesofsubstitutionexceptfbr

theinputs，whicharcassumedtobeweaklyseparable，ａ1℃simplytheelasticityof

substitutionatthesecondaggregationlevelandalwaystakepositivevalueaslongas

thequasi-concavityconditionoftheproductionfimctionissatisfied・Elasticityof

substitutionbetweentheweaklyseparableinputs,however,cantakeeitherpositiveor

negativevaluedependingontherelativemagnitudeoftheelasticityofsubstitutionat
bothaggregationlevelsandtherelativesharesoffburinputｓ６

Ｔｈｅｓａｍｅｉｄｅａｃａｎｂｅａｐｐｌｉｅｄｔｏｔｈｅcalculationofthepriceelasticitiesofthe

disaggregatedinput,６１nX,/61nPXﾙInthiscase,weshouldalsoconsiderbothnet
andexpansionelasticitiesForexample,theelasticityofthedemandfbrintelmediate

inputfiromindustWwithrespecttopricePIfbrmdustryj61nX戒/61nEXj，

ノＥルノＥｊ｡,andノーノ,isexpressedas

鈴雲淵…

器 器綴|…，伽
・器器総具器芸‘総|…

SinceweassumetheCobb-Douglasproductionfimctionfbrtheaggregatorof
eneIgyandnoneneIgymaterialsrespectively，theelasticityofsubstitutionatthe
individualmdustrylevelisalwaysunity・Accordingly,equation(24)isreducedto

clr(l＋8頭)－１． （25）

Everypriceelasticityofthedisaggregatedintermediateinputcanbeexpressedin
termsofnormalizedinputcoefficientinvaluetermsdefinedinequations(3)ａｎｄ(4)
andtheownandcrosspriceelasticitiesofthefburaggregatedinputs・Thesepnce
elasticitiesdonotdependonthetypeofseparabilitysincetheseparabilityconditionhas
alreadybeentakenintoaccountinlhecalculationofthepriceelasticitiesofthe
aggregatedinputs,Itshouldbenoted，however,thatdetailedclassificationisnecessary
fbrthecoITespondinginputXijandtheprice肌.Foreverycase,thefbrmulaofthe
priceelasticityisshowninTable2．

６nleseparabilityisstatisticallytestedbythelikelihoodratiotest・Fortheadoptedcombinationof
separableinputs,seeAppendixB．
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ＴａｂＩｅ３：OwnPriCeEIaStiCityofCapital
Xj

-0.308-0.360-0.884

Ｕ ＳＡＦＲＧｍ６ＬＪＰＮＫＯＲＴＷＮａｖｅｒａ２ｅ

-0.301-0.448

-0.448

（１）Ｆｏｏｄ‐0.089‐０．１７８‐0.338‐0.294‐0.647Ｊ0.403‐0.328

（２）Beverages －０．４２０-0.420

（３）Textilemillpmducts‐0.427‐0.257‐0.414‐0.016-0.634‐0.448‐0.366
（４）Appaｴeｌ‐0.172‐0. 208‐0.460‐0.280
（５）Pulp＆paperproducts‐0.363‐0.281‐0.356‐0.373‐0.748‐0.708‐0.472
（６）Printing＆publishing - 0 . 1 48-0.350-0.249

（７）Chemicals‐0.246‐0.470‐0.340‐0.296‐0.773‐0.417‐0.424

（８）Petroleum＆coalproducts -0.160-0.336-0.090-0.618-0.297-0.300

-0.153-0.045（９）Rubber＆plastic s‐0.614‐0.271
(10）Leather -0.041-0.251‐0.538－０．２７７

(１１）Lumber＆ｗｏｏｄ‐0.358‐0.082‐0.561‐0.431‐0.358

(12）Fumiture －０．３１１ －０．３１１

(13）Stone,clay,＆glass -0.076-0.572-0.586-0.375-0.602－0.621-0.472

(14）PrimaIymetals -0.408-0.511-0.384-0.299-0.046－0.759-0.401

(15）NonfbITousmetals‐0.092‐0.092

(16）Fabricatedmetalproducts‐0.247‐0.178‐0.228‐0.697‐0.055‐0.281
(１７）Generalmachinery -0.426-0.291-0.547-0.516‐0.837-0.457－０．５１２

－０．４１１－０．１３１(18）Electricalmachinery‐0.503‐0.755‐0.864‐0.533
(19）Transportationequipment‐0.141‐0.013‐0.144‐0.715‐0.564-0.315
(20）Motorvehicles － ０ ． １ ８８－０．２６９Ｃ､229

(21）Precisioninstruments‐0.296‐0.829-0.083-0.374－０．３９６

(22）Miscellaneousmam1fhctuxing-0.087-0.381-0.415-0.321-0.681-0.765-0.441

-0.910

-0.976

23）Totalmam1fhcturin -0.245-0.296-0.442-0.284-0.618－0.542-0.403

-0.534

Ｔａｂｌｅ４:OwnPriceElastiCityofLabor,ｓ
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Table5:OwnPriceElasticityofEnergy,SEE

ＵＳＡＦＲＧ ｒ ｌ 八 Ｊ Ｐ Ｎ Ｋ Ｏ Ｒ Ｔ Ｗ Ｎ ａ ｖ ｅ ｒ ａ ｇ ｅ

（１）Ｆｏｏｄ‐0.684‐0.960‐0.966‐0.5420.971‐0.998‐0.854

(2)Beverages‐0.991‐0.991

（３）Textilemillproducts‐0.445‐0.370‐0.304‐0.777‐0.582‐0.441‐0.487
（４）Apparel‐0.169‐0.623－０．９７３‐0.588

（５）Pulp＆paperproducts -0.285-0.295-0.402-0.399-0.732-0.377－０．４１５

（６）Printing＆publishing -0.434-0.580-0.507

（７）Chemicals ‐0.161-0.471-0.580-0.292-0.779－0.777‐0.510

-0.218-0.158（８）Petroleum＆coalproducts‐0.087‐0.614‐0.286Ｃ､273
-0.181-0.919（９）Rubber＆plastics‐0.578‐0.559

(１０）Leather -0.602-0.677-0.640-0.640

(11）Lumber＆ｗｏｏｄ‐0.473‐0.951‐0.446‐0.375‐0.561

( 12）Fum i t u r e‐0.222‐0.222

(13）Stone,clay,＆glass‐0.164‐0.663‐0.587‐0.387‐0.561‐0.672‐0.506
(14）PrimaIymetals‐0.301‐0.827‐0.737‐0330‐0.758‐0.749‐0.617
(１５）NOniErmusmetals －０ ． ０ ４ ７ - 0 . 0 4 7

‐0.252-0.305(16）Fabricatedmetalproducts‐0.520‐0.670‐0.954‐0.540
(17）Genemlmachinery -0.633-0.495-0.466-0.407-0.885－0.434-0.553

(18）Electricalmachinery‐0.291‐0.429‐0.651‐0.715‐0.986‐0.614
(19）TmnsportationeqUipment‐0.494‐0.943‐0.675‐0.787‐0.426‐0.665
(20）Moto r v e h i c l e s ‐0.227‐0.451‐0.339
(21）Precisioninstruments‐0.601‐0.976‐0.593‐0.845‐0.754
(22）Miscellaneousmam1fIctuIin2-0.639-0.627‐0.352-0.432-0.729-0.747-0.588

23）Totalma血色ctmin -0.386-0.632-0.541-0.446-0.746－０．７０７Ｊ0.576

Table6:OwnPriceElasticityofNon-energyMaterials,eMM

ＵＳＡＦＲＧｍ６ｋＪＰＮＫＯＲＴＷＮａｖｅｒａ２ｅ

（１）Ｆｏｏｄ‐0.032-0.094‐0.141‐0.117‐0.278‐0.091つ0.125
(2)Beverages‐0.655‐0.655
（３）TeXtilemillproducts‐0.175‐0.126‐0.233‐0.048‐0.236‐0.175‐0.166
(4)Apparcl‐0.071‐0.070‐０．１７１‐0.104
（５）Pulp＆paperproducts‐0.210‐0.161‐0.210‐0.136‐0.315‐0.345‐0.230
（６）PIinting＆publishjng -0.089-0.212－０．１５１

（７）Chemicals -0.121-0.362-0.526-0.204-0.400-0.395-0.335

（８）Petroleum＆coalproducts‐0.613‐0.142‐0.813‐0.315‐0.918‐0.560
（９）Rubber＆plastics‐0.088‐0.107‐0.256‐0.150
(１０）Leather‐0.025‐0.105‐0.181‐0.104
(11）Lumber＆ｗｏｏｄ‐0.211‐0.093‐0.319‐0.199‐0.206
(12）Fumitmc‐0.147‐0.147
(13）Stone,clay,＆glass -0.019-0.465-0.517-0.251-0.519-0.527-0.383

(14）Primarymetals‐0.251‐0.303‐0.184‐0.099‐0.131‐0.315‐0.214
(15）NonibrTousmetals‐0.008‐0.008
(16）Fabricatedmetalproducts‐0.135‐0.089‐0.298‐0.256‐0.074‐0.170
(17）GeneralmachineIy -0.238‐0.139-0.296-0.118-0.379-0.165Ｊ0.223

(18）Electricalmachinery ‐0.245-0.055-0.208-0.286-0.282-0.215

(19）Tmnsportationequipment‐0.066‐0.061‐0.064‐0.273‐0.230‐0.139
(20）Motorvehicle -0.074-0.103‐0.089

(21）Precisioninstruments‐0.076‐0.317‐0.124‐0.336‐0.213
(22）Miscellaneousm2m1fhctmn2-0.058‐0.204‐0.214-0.107-0.229-0.351‐0.194

23）Totalmamlfhctmn -0.148-0.177-0.297-0.177-0.280-0.300－０．２３０
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Ｔａｂｌｅｓ５ａｎｄ６ｐ1℃senttheestimatesoftheownpriceelasticityoftwotypesof
materials,eneIgyandnon毛nergy・Fortotalmanuflcturing,themaglitudesofelasticity
ofenergyandnon-energymaterialsareonthewholemanordersimilartothatinthe

caseoftheownpriceelasticitiesofcapitalandlabor､Forenelgymaterials，theown

priceelasticityishighest(-0.746)ｉｎKorea,secondhighest(-0.707)inTaiwan,lowest
(-0.386)intheUnitedStates,third(-0.632)inGermany,andmoderatelyhigher(-0.541

and-0.446)inltalyandJapan・Fornon-energymaterials,thediffblmcesinownpnce
elasticityamongcountriesarenotaslargeasthoseinother色ctorsSimilarorderings

ofmagnitudesareobserved,however,withthehighest(-0.300)inTaiwan,thesecond

andthirdhighest(-0.297and-0.280)inltalyandKorea,respectively,fbllowedbythe
lowermagnitudes(-0.177)inbothWestGermanyandJapan,andthelowest(-0.148）
intheUnitedStates、

ThefindingsaboveseemtosuggestthatexpectfbrJapanEastAsiancountries

belongtohighelasticityandWestemcountriestolowelasticitygroups､Japanmaybe
classifiedasbelongingtotheWestemgroup,whileltalyfallsbetweenEastAsia、and
Westemcountries，

ThemethodalsoenablesustoobtainestimatesfbrAllen，spartialelasticityof

substitutionbetweencapitalandenergy，ＯＡ西.Theelasticityofsubstitutionbetween
capitalandenergyisaveryimportantconceptinlightofthefhctthattwobigoilcrises

occmredinoursampleperiod-inl973andinl979-andthatthercpercussionsof

thesecnsesevennowhaveasignificanteffectonthegrowthrateofallthreeAsian
countries・Ｔheelasticityofsubstitutionbetweencapitalandenergymeasuresthe

proportionalchangeinthecapital-energyratioinducedbytheproportionalchangein
therelativepricesbetweenenergyandcapital，Itmaybepositiveornegative，
dependingonwhethercapitalandenergyaresubstitutesorcomplements・Ifboth
factorsaresubstitutes,ariseinoilpriceleadstoanmcrcasemcapital-enelgyratio，
resultinginanincreaseminvestment，whichisfavorabletoeconomicgrowth、In
contrast,ifbothfactorsarecomplements,ariseofoilpriceleadstothescrapping-up
oforafiFeezeinnewlnvestmentinoil-usingequipment,resultinginadeclmemthe
pIoductionofoil-consumingproducts,orinareductionininvestmentinoilconsuming
eqUipment，

Table7showsestlmatesfbrtheelasticityofsubstitutionbetweencapitaland
energy､Thefiguresfbrtotalmanufacturingindicatethatthevaluesarepositiveand
verylaIge(0.947ａｎｄ0.802)fbrGermanyandJapan;positiveandrelativelylaIge
(0.288)fbrKorea;slightlynegative(-0.089)fbrtheUnitedStates;andpositive(0.094）
fbrTaiwan・ForItalythefigureisnegativeandrelativelylarge(-0.375),implyinga
siglificantcomplementaryIdationshipbetweencapitalandenergy，SmceeneIgy
consumptiondependedheavilyoncnldeoilinJapanbefbrel973anddomestic
productionofoilispracticallyzero,theoilcrisesinl973andl979seriouslyaffected
Japaneseindustrialproductionltshouldbenoted,however,thattheJapaneseeconomy
recoveredrelativelyquicklyfiFomtherecessionandhasmaintainedanaverageGDP
growthrateofaround４％sincetheoilcrisis,largelybecausefixedinvestmentdidnot
falldrasticallyandnewmvestmentwasstimulatedinenergy-savmgplantsand
equipment,featureoftheJapaneseeconomyapparentlyreflectedinitshighpositive
elasticityofsubstitutionbetweencapitalandenergy．
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TabIe7:ElagticityofSubstitutionbetweenCapitalandEnergy,○KＦ

ＵＳＡＦＲ Ｇ ｒ Ｔ Ａ Ｊ Ｐ Ｎ Ｋ Ｏ Ｒ Ｔ Ｗ Ｎ ａ ｖ ｅ ｒ ａ Ｅ ｅ

（１）ＦｏｏｄＯ､0960.2030.3911.4381.5530.4550.689

（２）Beverages 1.0001.000

（３）Textilemillproducts O､2740.925-1.244０．０１７-0.697-0.063－０．１３１

（４）Apparel‐0.0703.077‐2.2850.241

（５）Pulp＆paperproducts‐0.831‐0.6540.3150.595‐0.6070.704‐0.080

（６）Printing＆pUblishing O ､ 1671.3640.766

（７）Chemicals 0.2960.0410.373-0.3490.5560.5280.241

（８）Petroleum＆coalproducts‐0.1260.430０．１０４‐0.6380.4830.051
（９）Rubber＆plast ic s‐ 1. 75 3０．１ ７１０．０５６-0.509

(１０）Leather O､04 22.8840.7731.233

(11）Lumber＆ｗｏｏｄ0.8250.105‐1.037‐0.359‐0.117

(12）Fumiture‐1.585‐1.585

(１３）Stone,clay,＆glass O､9880.6540.028-0.3010.5570.6120.423

(14）PrimaIymetals‐2.9940.563‐0.1390.6770.052‐0.095‐0.323
(15）Nonierrousmetals O､4480.448

(16）FabricatedmetalproductsO､0640.964‐9.948‐0.5520.072‐1.880
(17）Generalmachinery 1.8451.868-0.8560.9291.000-0.3000.748

(18）ElectricalmachineTy‐1.0542.0060.586‐0.2821.0000.451
(19）TransportationeqUlpment0.1480.013０．１６１０．７２５‐1.392‐0.069
(20）Motorvehicles O､３１６１．７１１１．０１４

(21）PrecisioninstrumentsO､０９８０．４９４2.9070.1310.908
(22）Miscellaneousmzmn1値ctunngO,0971.683-0.5802.6580.590-0.186０．７１０

23）Tbtalmfmnnfhctmn -0.0890.947-0.3750.8020.2880.0940.278

Generallyspeaking，ahigherownpriceelasticitymeansthattheproduction
structureisflexibleandsensitivetochangesintheeconomlcstructure､Therefbre,one

canaIguethataproductionstructurewithhigherpriceelasticitymaybeata
competitiveadvamageintheintemationalmaIketsinceitadjustsmorequicklytothe
optimalpositionfiromtheviewpointofcostminimizationIndeed，itisfbundfmm
empiricalresultsontheestimatesofpriceelasticitythatKoreaandTaiwanoccupythe
mostfavorablepositionmtheintemationalmarket,fbllowedbyJapan,WestGermany
andltaly、

Ａｓｆｂｒｔｈeordenngofthemagnitudeofpriceelasticity,ｗｅcanemphasizethe
fbllowingthreeaspectsoftheproductionstructure・Firstofall,themaglitudeofprice
elasticitydependsonthedegreeofmechanizationintheproductionprocess・T11emore
mechanizedtheproductiontechniqueis，ｔｈｅｍｏｒｅｒｉｇｉｄisthevalueoftheinput
coefficientForexample，ifahighlymechanizedmachineisoperatedbysimple，
unskilledlabor，thecapital-laborratiomayberigidCompleteautomationinthe
productionprocessrequiresonlyaveryrigidnumberoflaborers，andtherCbythe
capital-laborratioislessflexible,atleastintheshortrun、

Alsoimportantmproductionstmcturearcemploymentpracticesorspecial
fbaturesoftheindustrialorganizationofeachcountry・Onemaybebotheredbythe
paradoxicalfactthatthepriceelasticityoflabordemandishigherinJapanthaninthe
UnitedStatesinspiteofwhatiswidelyknownasJapan，slifもごtimeemploymentsystem，
whichcouldbeexpectedtomakethepriceelasticityoflabordemandsmallerinJapan
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thanmtheUnitedStates,Thediffbrence,however,canbeexplainedbythefactthatthe

pmductionactivitiesofthelargemcorporatedfirmswhichdominatetheJapanese

productionsystemareoftendiversifiedacrossindustries，facilitatingtherelatively
smoothmovementofcapitalandlaboracrossindustries,ｅｖｅｎiftheseremainwithinthe

samefiml,ThisisespeciallytruefbrthelabortransferfiFomalessprofitableactivityto
amoreprofitableonewithinthesamefirm

Reflectedintheestimatedvaluesofthepriceflexibilityandtheelasticityof
substitution,thisflexibilityhasgreatlycontributedtothestrongcompetitivepowerof
JapaneseErmsduringseveralphasesofstructuralchangesincetheoilcrisis・

nlird,itistruethatwhileJapanproducesalargenumberofgoodsinhighly

mechanizedworkshops,italsohasmanagedtosupportasubstantialnumberofsmall
fiIms.Ｔheroleofsuchsmallfirmshasbeentoprovideintelmediateproductstolarge

mcorporatedfirms、T11eproductionstmctureofsmallfirmsislessmechanizedand

theiremploymentpracticesarelessmodemized，sincethesefilmsincludealaIge

numberofselfLemployedandfhmilyworkerswhocompnseamaIginalsectorinthe

fluctuationofemployment、ＴｈｉｓｃｏｎｔｉｎｇｅｎｔｏｆｓｍａｌｌｆｉｒｍｓｈａｓｍadetheJapanese
productionstructuremoreadaptabletochangesintheeconomicsituation,withtheir

smoothermovementofcapitalandlaborthaninthehighlymechanizedlarger

mcorpo画edfirms、

Inthiscontext，ｗｅａｌｓｏhavetotakeintoaccounttheexistenceofdisguised

unemploymentinEastAsiancountries､Ifthemarketinanurbanarcaisshortoflabor，

wagestendtoriseandlaborersmovetourbanareas,ortotheindustrialsectorfromthe

primarysector､Ontheotherhand,ifthemarketinanurbanareahasthesurplusof

labor,labo1℃ｒｓｗｉｌｌｍｏｖｅｂａｃｋｔｏｔｈｅｒｕｒａｌａｒｅａ，implyingflexibilityoflaborinput
coefficientsbothmagricultureandindustIy､Thuslaborinputcoefficientsaremore

flexibleincountrieswithalargeshareofunincorporatedfirms､Krugman(1994)also

contendsthatAsia，shigheconomicgrowthcanbeexplainednotbysubstantial

technologicalprogressbutbytheutilizationofarelativelyabundantlaborfbrce，a

vlewconsistentwithourresults・ThehighervalueofItaly，sinputcoefficientsmaybe

ascribeｄｔｏｔｈｅｆａｃｔｔｈａｔｔｈｅＩｔａｌｉａｎｅｃｏｎｏｍyhasretainedalargershareof
unmcorpomtedfirmsthanotherWestemeconomiesrefbrredtohere,８

4.EstimatedReSultS(2):TheDisaggregatedLevel

Table9presentsasummalyoftheestimatedpriceelasticityofthefactordemand，

ｗｈｉｃｈｉｓｐｒｅｓｅｎｔｅｄｂｙｔｈｅｅｌｅｍｅｎｔｏｆtheJacobianmatrix9inelasticityterms，

8AmoredetailedandexhaustivediscussiononthisaspectisfbundinSaito(2000)．
９FortheeconomicimplicationsoftheJacobianmatrixanditsapplicationtotheinter岩industIystudy
economyasawhole,seeTbkutsu(1994).Itshouldbenoted,however,thattheJacobianmatIixinthis

paperisderivedbasedonthecostminimizationassumptionwithagivenlevelofoutput,whilethatin
Tokutsu(1994)isderivedbasedontheshort-runprofitmaximizationassumptionwithagivenlevelof
capitalstock,ThelatteriseasilyconvertedfomthefbImerbycomparingtheSlutslqﾉequationsofthe
iirstorderconditionibrbothassumptions、Themethodofconversionise)甲lainedindetailinthe
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61,X),/6Ｍ,fbrtheindividualindustriesofallsixcountries:１．
１．UnitedStates （USA）

２．WestGelmany （Europe）

３．Italy （Europe）
４．Japan （EastAsia）

５．Korea（EastAsia）
６．Ｔａｉｗａｎ （EastAsia）

Inthetables，ｅａｃｈｏｆｓｉｘｃｏｌｕｍｎｓｇｉｖｅｓｔｈｅｅｓｔｉｍａtesofthesixcountnes，

respectively・Eachmanufacturingindustryoccupｉｅｓａｂｏｕｔｌ２ｒｏｗｓ、Ｆｏｒexample,the
firstfburrowsof‘‘1.Food，，summarizethediagonalelementsoftheJacobianmatrixof

thepriceelasticities;thefigUreｉｎrow(1),-0.753fbrtheUnitedStates,impliesthat
demandfbrthefactorinput脇5willdecreasebyO,753％whentheoutputpriceoffbod
industryincreasesbyaunit％・ThefigUresinrows(2)to(4)presenttheaverageand
rangeofallthediagonalelements・Rows(5)and(6)aretheownpriceelasticityofthe
demandfbrlaborandcapital,respectivelyRows(7)to(9)givetheaverageandIange
ofalltheoffLdiagonalelements・Itshouldbenotedthatthevaluesin(7)areusually
smallintheJacobianmatrix・Therowsbelow(lO)presentthepriceelasticityamong

closelyrelatedindustriesinthefactordemandForexample,theagricultureindustry
providesthefbodindustrywithitsmostimportantfactormput､Thus,theelasticityof
thedemandfbragricultureproductswithrespecttothepriceoffbodproducts,o247
fbrtheUnitedStates,showninrow(11),issignificantlylargecomparedwithother
offとdiagonalelements，

ThelastninerowsofTable9(belowtheresultsfbrindividualindustries)givethe
averageandtherangeoftheelasticityfbrtotalmanufacturinglntheUnitedStatesthe

averageofalldiagonals(row(2))isclosetounity,andtheaverageofowndiagonals

(row（１）)，‐0.738,issiglificantlylessthanunity(inabsolutevalues).Ownprice
elasticitiesoflaborandcapital(row(5)ａｎｄ(6))areonaverage-O225and-0.245
respectively､Finally,theaverageofalloffLdiagonals,row(7),isratherclosetozero・

Ｎｏｗｌｅｔｕｓｃｏｍｐａ1℃elasticitiesamongthesixcountries・Firstofall，itmustbe

stressedthatourestimatesofpriceelasticitiesa1℃fairlystable・Asshowninrows(2)

ｔｏ(4)and(7)ｔｏ(9)intotalmanufacturing,theaverageandrangeofbothdiagonals
andoffLdiagonalsareconsiderablystable:allthevaluesliebetweenOandunity､This
findingmaysuggestthee錠ctivenessofourmethodofestimation,especiallyinviewof

thewell-knownfactthatthepammeterestimatesofthetranscendentallOgarithmic
productionfimctionsaresometimesvelyunstable.'’

AppendixtoTokutsu(1999).Itisfbundthatingeneral,priceelasticitiesObtainedfomtheJacobian
matrixwithagivenoutputislargerthanthosewithagivenlevelofcapitalstock．
'OThestatisticsoftheregrEssionandthediscussionsoftheireconomicimplicationsarepresentedin
ourprevlouspapers:SaitoandTokutsu(1992a)fbrWestGeImany,theUS,ａｎｄJapan;（l992b）fbr
Taiwan;ａｎｄ(1991）fbrKoreaSourcesfbrthedataandthesampleperiodalcalsoprovidedinthe
corrESpondingpapers．

'’See,fbrexample,Kumda,Yoshioka,andJorgenson(1984)．
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Table9:(mntinued)RepresentativeElementsofJacobianMatrix

ＵｓＡＦＲＧｒｌＡＪＰＮＫｏＲＴｗＮ

４.Apparel

(1)Own-diagonals‐0.72984‐0.95281

(2)All-diagonals （average）‐0.93479‐0.94772
（３）（maximum）‐0.44854‐0.53707
（４）（minimum）‐0.99998‐0.99989
(5)Labor -0.12577-0.12330

(6)Capital‐0.17237‐0.20762

(7)AllofIきdiagonals(avemge）0.033350.03443
（８）（maximum）0.551470.46293
（９）（minimum）0.000000.00001

Input／Price
(１０）TeXtiles／Textileｓ‐0.64274‐0.53702

(11）Textiles/ApparelO,270160.04719
(12）Apparel／亜xtilesO､357260.46293

-0.63462

-0.94812

-0.59552

-0.99998

-0.34041

-0.36346

0.02759

0.40448

0.00001

-0.73732

-0.94064

-0.64106

-0.99971

-0.35926

-0.28060

0.03349

0.35894

0.00010

-0.58901

-0.92734

-0.58901

-0.99944

-0.53419

-0.56061

0.04234

０．４１１００

0.00033

-0.47501

-0.93897

-0.47501

-1.00000

-0.35922

-0.37272

0.03625

0.52499

0.00000

-0.52643

-0.95859

-0.52643

-0.99998

-0.88399

-0.74809

0.03424

0.47357

０．００００２

-0.94303

-0.93687

-0.46360

-0.99999

-0.45576

-0.45984

0.03662

0.53641

0.00000

-0.46360

0.05697

0.53641

弓0.58155

-0.96695

-0.58155

-0.99998

-0.75559

-0.70772

0.02718

0.41846

0.00002

５.Paper＆ｐｕｌｐ
(1)Own-diagonals

(2)All-diagonals（average）
（３） （maximum）
（４） （minimum）
(5)Labor

(6)Capital

(7)AllofIさdiagonals(avemge）
（８） （maximum）
（９） （minimum）

血put／Price

(１０） Ｐｕｌｐ／P1inting
(11） Ｐｕｌｐ／Ｐｕｌｐ
(１２）

-0.99950-0.96937-0.98278-0.99548-0.97537‐0.98968

0.365380.262680.411000.524990.473570.41846

６.Printing＆publi5hing
(1)Own-diagonals

(2)All-diagonals（average）
（３）（maximum）
（４）（minimum）
(5)Labor

(6)Capital

(7)AllofILdiagonals(average）
（８）（maximum）
（９）（minimum）

Input／Price

(１０）Pulp/PIinting
(11）Pulp/Pulp
(１２）

-0.83965

-0.94319

-0.64438

-0.99996

-0.10180

-0.14813

0.03439

0.35562

0.00002

-0.91619

-0.95169

-0.71750

-0.99950

-0.28095

-0.35041

0.03029

0.28250

0.00003

0.160360.08381

-0.71771-0.78379
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Table，:(continued)RepresentativeElementsofJacobianMatrix

ＵＳＡＦＲＧｒｌＡＪＰＮＫＯＲＴＷＮ

-0.59042

-0.93864

-0.59042

-0.99993

-0.22833

-0.24565

0.03039

0.40958

0.00000

-0.70688

-0.95675

-0.64168

-0.99991

-0.54937

-0.47020

0.02755

0.35832

0.00004

-0.71527

-0.94736

-0.71527

-0.99891

-0.30080

-0.33953

0.05264

0.28473

0.00109

-0.50380

-0.93984

-0.50380

-0.99999

-0.44749

-0.29631

0.03437

0.49621

0.00000

-0.57121

-0.96432

-0.57121

-0.99989

-0.90991

-0.77309

0.03287

0.42879

0.00011

-0.59614

-0.96818

-0.59614

-0.99997

-0.46519

-0.41696

0.03181

0.40386

0.00004

７.Chemicals

(1)Own-diagonals

(2)An-diagonals（average）
(3) （maximum）
(4) （minimum）

(5)Labor

(6)Capital

(7)AllofI畠diagonals(average）
（８） （maximum）

（９） （minimum）

Input／Price
(１０）Agriculturc/Agriculture
(11）Agriculture/Chemicals
(12）

-0.99538-0.99240-0.99601-0.99845-0.97868-0.99471

0.409580.293120.284730.496210.428790.40386

８.Petmleum＆coalproducts

(1)Own-diagonals J0､92034‐0.22092

(2)All-diagonals （avemge）‐0.95825‐0.93462
(3)（maximum）‐0.32292‐0.22092
(4)（minimum）‐0.99998‐0.99985
(5)Labor -0.66746‐0.24022

(6)Capital‐0.15983‐0.33637
(7)Alloffとdiagonals(average）0.029360.03618
（８）（maximum）0.677080.77908
（９）（minimum）0.000010.00002

1,put／Price
(10）Mining/Mining‐0.32292‐0.98197
(１１)Mining/PetroleumproductsO､079660.77910
(１２）PetmleumDroducts/MininR0､677080.01803

９.Rubberproducts

(1)Own-diagonals -0.91028Ｃ､86914

(2)All-diagonals （avemge）‐0.93818‐0.96394

(3)（maximum）つ0.49485‐0.77764
(4)（minimum）‐0.99997Ｃ､99970
(5)Labor -0.10598-0.04016

(6)Capital-0.15256‐0.04463
(7)AllofI鳥diagonals(average）0.031630.03606
（８）（maximum）0.505150.22236
（９）（minimum）0.000000.00030

１，put／Price
(１０）AglicultuIc／Chemicals0.430860.22236
(11）AgriculturE/Rubber0.089720.13069
(12）Rubber／Chemicals0.430860.22236

-0.94130

-0.95415

-0.15233

-1.00000

-0.10158

-0.08996

0.04081

0.84768

0.00000

-0.88348

-0.95343

-0.36215

-1.00000

-0.97613

-0.61765

0.03693

0.63785

0.00000

-0.76211

-0.96682

-0.53584

-1.00000

-0.46523

-0.29726

0.03320

0.46448

0.00000

-0.15233-0.75460-0.53584

0.05870０．１１６５３0.23783

0.847680.245400.46416

-0.87267

-0.94581

-0.65347

-0.99994

-0.65416

-0.74941

0.03183

0.34653

0.00002

0.24549

0.12733

0.24549
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TabIe9:(continued)RepreSentativeElementSofJaCobianMatrix

ｕＳ ＡＦＲＧｒｎ６ＬＪＰＮＫＯＲＴｗＮ

１０.陸atherproducts

(1)Own-diagonals

(2)All-diagonals（average）
（３） （maximum）
（４） （minimum）
(5)Labor

(6)Capital

(7)AllofI色diagonals(average）
（８） （maximum）
（９） （minimum）

Input／Ｐｒｉｃｅ

(１０）Chemicals／Leather

(１１）
(１２）

-0.66457

-0.94718

-0.66457

-0.99982

-0.02674

-0.04099

0.03724

0.33543

0.00010

-0.65906

-0.95127

-0.65906

-0.99849

-0.15908

-0.25055

0.03320

0.34094

0.00008

0.335430.34094

-0.60969

-0.95300

-0.60969

-0.99991

-0.28125

-0.35836

0.02756

0.39031

0.00002

-0.69781

-0.96459

-0.69781

-0.99992

-0.08327

-0.08221

０．０３５４１

0.30219

0.00008

-0.53953

-0.92285

-0.53953

-0.99891

-0.30836

-0.35599

0.04281

0.46047

0.00031

１１.WoodprOduct
(1)Own-diagonals

(2)All-diagonals（avemge）
（３） （maximum）
（４） （minimum）
(5)Labor

(6)Capital

(7)AllofI邑diagonals(avemge）
（８） （maximum）
（９） （minimum）

Input／Price
(１０）wood／Construction

(11）
(１２）

0.006420.003260.01524

１２.Furniture

(1)Own-diagonals ‐0.99301

(2)All-diagonals （avemge）‐0.93960

（３）（maximum）‐0.47535

(4)（minimum）‐0.99980
(5)Labor -0.23983

(6)Capital‐0.31121

(7)AllofI畠diagonals(average）0.03120
（８）（maximum）0.52465

（９）（minimum）0.00004

１，put／Price
(１０）Leather/FumitureOOO699

(11）wood/FumitureO､00699
(12）ｗｏｏｄ／Ｗｏｏｄ‐0.86507

J0.78513

-0.95084

-0.77718

-0.99996

-0.54466

-0.53760

0.03377

0.22292

0.00002

0.21487

-0.74792

-0.94296

-0.56604

-0.99990

-0.46386

-0.43075

0.03236

0.43396

0.00003

0.00154
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Table9:(continued)RepresentativeElementsofJacobianMatrix

ＵＳＡＦＲＧｒｒＡＪＰＮＫｏＲＴｗＮ

１３.Stone,clayandglasse5

(1)Own-diagonals

(2)All-diagonals（average）

（３） （maximum）

（４） （minimum）

(5)Labor

(6)Capital
(7)AllofIちdiagonals(average）

（８） （maximum）

（９） （minimum）

Input／Price
(１０） Mining／Electricity

(11）Mining/Petroleumproducts
(１２）

１４.Ｐｒｉｍａ１ｙｍｅｔａｌ

(1)Own-diagonals
(2)All-diagonals（average）
（３） （maximum）

（４） （minimum）

(5)Labor

(6)Capital

(7)AllofIBdiagonals(average）

（８） （maximum）

（９） （minimum）

Input／Price

(10）Mining/PrimalyMetals

(１１） Mining／ElectIicity
(１２）

１５.Non企rrousmetal

(1)Own-diagonals

(2)All-diagonals（average）

（３） （maximum）

（４） （minimum）

(5)Labor

(6)Capital

(7)AllofYLdiagonals(avemge）

（８） （maximum）

（９） （minimum）

Input／Price
(１０）Mining/NoniEITousMetals
(11） Mining／Electricity
(12）

-0.75492

-0.93509

-0.42216

-0.99990

-0.02261

-0.07590

0.03349

0.57784

0.00000

0.00116

0.00040

-0.62610

-0.95171

-0.57300

-0.99999

-0.48829

-0.40776

0.02641

0.42700

0.00001

0.37390

0.02019

-0.78768

-0.96771

-0.78768

-0.99988

-0.56274

-0.57229

0.02241

０．２１２３２

0.00007

0.04007

0.03116

-0.68403

‐0.96895

-0.68403

-0.99982

-0.48327

-0.51118

0.03105

0.31597

0.00018

0.31597

0.06639

-0.70221

-0.93054

-0.23037

-0.99978

-0.02448

-0.09182

0.03423

0.76963

0.00000

0.27799

0.00340

-0.96695

-0.94733

-0.83833

-0.99900

-0.61257

-0.58568

0.03552

０．１６１６７

0.00070

0.03042

0.03664

J0.95859

-0.91513

-0.38911

-0.99976

-0.32332

-0.38381

0.04716

０．６１０９０

0.00008

0.04141

0.06450

-0.81659

-0.94325

-0.67900

-0.99992

-0.40973

-0.37471

0.03367

0.32100

0.00003

0.03060

0.03790

-0.30456

-0.93455

-0.30456

-1.00000

-0.28923

-0.29918

0.03746

0.69544

0.00000

0.69544

0.13849

-0.87214

-0.96000

-0.67912

-0.99999

-0.72264

-0.60199

0.03078

0.32088

0.00001

0.05566

0.16699

-0.32989

-0.95169

-0.32989

-1.00000

-0.04908

-0.04620

0.04290

0.67011

0.00000

0.67011

0.03838

-0.87172

-0.96662

-0.86741

-0.99997

-0.77427

-0.62127

0.02646

0.13259

0.00003

0.04568

0.06444

-0.49649

-0.96176

-0.49649

-0.99999

-0.88522

-0.73817

0.03093

0.50351

0.00001

0.50351

0.03142



-0.77017

-0.96237

-0.74679

-0.99999

-0.29356

-0.42599

0.02460

0.25321

0.00000

-0.72538

-0.95122

-0.72538

-0.99997

-0.19800

-0.29131

0.02951

0.27462

0.00001

Table9:(Continued)RepresentativeEIementsofJac0bianMatrix

-0.69107

-0.92721

Ｊ0.69107

-0.99945

-0.43735

-0.54673

0.04206

0.30893

0.00027

ＵＳＡ Ｆ Ｒ Ｇ ｍ ｄ Ｌ Ｊ Ｐ Ｎ Ｋ Ｏ Ｒ Ｔ Ｗ Ｎ

-0.61019

-0.92975

-0.58599

-0.99985

-0.27334

-0.31584

0.04057

0.41402

0.00004

１６.Fabricatedmetalproducts
(1)Own-diagonals

（２）All-diagonals（average）
（３）（maximum）

（４）（minimum）
(5)Labor

(6)Capital

(7)Allofl鳥diagonals(average）
（８）（maximum）
（ ９ ） （minimum）

Input／Price

(１０）PrimaIyMetals／Fab､Metalｓ

(１１）PrimaryMetals／Machinery
(１２）

-0.91875

-0.94025

-0.44270

-0.99998

-0.16822

-0.24725

0.03120

0.55730

0.00000

-0.93126

-0.94263

-0.56476

-0.99994

-0.13056

-0.17748

0.03134

0.43524

0.00001

-0.93857

-0.94373

-0.56452

-0.99997

-0.45241

-0.22780

0.03498

0.43548

0.00002

-0.94477

-0.95330

-0.56103

-0.99998

-0.71373

-0.69718

0.03434

0.43897

0.00001

-0.88772

-0.94646

-0.42893

-0.99993

-0.06024

-0.15311

0.04177

0.57107

0.00000

0.08125

0.06155

0.06874

0.02938

0.061430.055230.11228

0.010570.022630.01239

0.167720.14135

0.167720.14135

１７.Machinery

(1)Own-diagonals

(2)All-diagonals（average）
（３） （maximum）

(4) （minimum）
(5)Labor

(6)Capital

(7)AlloiPdiagonals(avemge）
（８） （maximum）

（９） （minimum）

Input／Price

(１０）PrimaryMetals／Machinery
(１１）Fab,Metals/Machinery
(１２）
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0.313750.359100.39760

0.313750.359100.39760

0.247430.35542

0.247430.35542

０
２
０
９
０
０
８
０
１

四
而
哩
蝿
姉
叫
狸
妬
皿

６
９
６
９
８
８
０
３
０

心
心
心
心
心
心
０
０
０

-0.83228

-0.96801

-0.77435

-1.00000

-0.82285

-0.83666

0.02852

0.22565

0.00000

-0.85865

-0.94160

-0.55638

-0.99996

-0.44009

-0.45687

0.03489

0.44362

0.00002

0.229830.274620.308930.38981

0.229830.274620.38981

-0.68625

-0.94566

-0.68625

-1.00000

-0.47463

-0.50252

0.03750

0.31375

0.00000

-0.64090

-0.95654

-0.64090

-1.00000

-0.82868

-0.75462

0.03269

0.35910

0.00000

１８.ElectricalmachineIy
（１）Own-diagonals

(2)All-diagonals（average）
（３）（maximum）
(4) （minimum）
(5)Labor

(6)Capital

(7)AlloiPdiagonals(average）
（８） （maximum）

（９）（minimum）
InpUt／PTice

PrimaIyMetals／Ｅｌ．
(10）

Machinery

(11）Fab､Metals／ELMachinery
(１２）

-0.75257

-0.95119

-0.45104

-0.99997

-0.30696

-0.41083

0.02518

0.54896

0.00001

-0.64458

-0.94586

-0.64458

-0.99988

-0.07442

-0.13093

0.03180

0.35542

0.00001
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Table9:(c0ntinued)RepresentativeElementsinJacobianMatrix

１９.Tran5Portationequipment
（１）OwnPdjagonals

(2)All-diagonals（average）

（３） （maximum）

(4) （minimum）

(5)Labor

(6)Capital
(7)AlloflLdiagonals(aVerage）
（８） （maximum）

（９） （minimum）

Input／Price
Primarymetals/rrans．

('0）Equipment．
(11）Fab・Metal／Ｅ1.Machinery
(１２）

２０.MotorVehicles

(1)Own-diagonals
(2)All-diagonals （average）

（３） （maximum）

(4) （minimum）

(5)Labor

(6)Capital
(7)AllofPdiagonals(avemge）

（８） （maximum）

（９） （minimum）

Input／Price

(１０）PrimaIymetals/Motorvehicles
(11）FahMetals／Motorvehiclues
(１２）

２１.Preci§i0ninstrument

(1)Own-diagonals

（２）All-diagonals（average）

（３）（maXimum）
（４）（minimum）
(5)Labor

(6)Capital
(7)Alloffdiagonals(aveTage）

（８）（maximum）
（９）（minimum）

Input／Price
(１０）PrimaryMetals/Ｅ1.MachineTy
(１１）Fab､Metals／Ｅ1.Machinery
(１２）

ｕ ｓ Ａ ＦＲＧｒｒＡＪＰＮＫｏＲＴｗＮ

-0.77198

-0.95037

-0.67437

-0.99998

-0.09593

-0.14068

0.03185

0.32563

0.00001

-0.90280

-0.96169

-0.78521

-0.99896

-0.00883

-0.01253

0.03831

0.21479

０．００１０４

0.228020.09720

0.228020.09720

-0.61369

-0.94338

-0.41793

-0.99999

-0.17098

-0.18853

0.02998

0.58208

0.00000

-0.73913

-0.94644

-0.73252

-0.99986

-0.21146

-0.26927

0.03188

0.26748

0.00003

0.386310.26087

0.386310.26087

-0.93434

-0.95276

-0.75794

-0.99982

-0.05073

つ0.08316

0.03297

0.24206

0.00011

-0.85467

-0.97475

-0.83884

-0.99991

-0.31949

-0.37442

0.02525

0.16116

0.00009

0.122750.06322

0.122750.06322

-0.63171

-0.93991

-0.63171

-0.99989

-0.12989

-0.14390

0.04456

0.36829

0.00001

-0.83487

-0.95909

-0.79048

-1.00000

-0.72013

-0.71544

0.03294

0.20953

0.00000

-0.66067

-0.94621

-0.66067

-0.99999

-0.54433

-0.56434

0.03159

0.33933

0.00000

0.368290.165140.33933

0.368290.165140.33933

-0.73554

-0.93246

-0.68400

-0.99870

-0.19976

-0.29561

0.04336

0.31600

0.00024

-0.62103

-0.96274

-0.62103

-0.99997

-0.83891

-0.82900

0.03198

0.37897

0.00003

0.027300.02464

0.027300.02464
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Table9:(continued)RepresentativeElementsofJacobianMatrix

ＵＳＡＦＲＧｍ６ＬＪＰＮＫＯＲＴＷＮ

-0.88921

-0.95505

-0.70684

-0.99975

-0.29466

-0.38180

0.02957

0.29317

0.00003

-0.77794

-0.92033

-0.60445

-0.99828

-0.37626

-0.41503

0.04373

0.39555

0.00065

-0.78315

-0.94157

-0.57241

-1.00000

-0.20680

-0.32065

0.03428

0.42759

0.00000

-0.88552

-0.95466

-0.72358

-0.99997

-0.64598

-0.68107

0.03410

0.27642

0.00002

-0.87550

-0.96392

-0.83429

-0.99994

-0.70069

-0.76503

0.02731

0.16571

0.00005

２２.Miscellaneousmanufacturing
（１）Own-diagonals -0.89747

(2)All-diagonals （average）‐0.95507

（３）（maximum）‐0.77303

(4)（minimum）‐0.99858

(5)Labor -0.06569

(6)Capital‐0.08648

(7)A11ofrdiagonals(aveIage）0.03265
（８）（maximum）0.22697
（９）（minimum）0.00015

１，put／Price

(１０)PrimaryMetals/Misc.Ｍi9.0.10253
(１１）
(１２）

0.110790.22206０．２１６８５0.114480.12450

２３.Totalmanu曲cturing

(1)Own-diagonals‐0.73810‐0.73327‐0.70667‐0.63960‐0.74039‐0.71080
(2)All-diagonals （average）‐0.94872‐0.95584‐0.93245‐0.94077‐0.95738‐0.95930
(3)（maximum）‐0.32292‐0.22092‐0.38911‐0.15233‐0.32989‐0.39612
(4)（minimum）‐1.00000‐0.99997‐0.99976‐1.00000‐1.00000‐１．０００００
(5)Labor‐0.22509‐0.26502‐0.39077‐0.27904‐0.71150‐0.58581
(6)Capital‐0.24509‐0.29591‐0.44215‐0.28235‐0.61824‐0.54793
(7)Alloff-diagonals(average）0.029990.031730.045430.037840.034600.03193
(8)（maximum）0.677080.779080.610900.847680.670110.60442
(9)（minimum）0.000000.000000.000080.000000.000000.00000

Ingeneraltheownelasticityestimatesoflaborandcapital(rows(5)and(6))are
higherinAsiancountnessuchasKoreaandmTaiwan,andmltalythaninWestem
countnessｕｃｈａｓｔｈｅＵＳａｎｄＧｅｒｍａｎｙ,orinJapan,TheyarehighestinKoreaand
secondandthirdhighestmTaiwanandltaly,respectively・ｌ２ＴｈｅｙａrelowestmtheUS，
andsecondandthirdlowestinWestGermanyandJapan,respectively､Itistobenoted，

however,thatthisorderinginelasticitymaglitudeinabsolutevalueswasnotaｓｃｌｅａｒ
ｉｎｔｈｅｏｗｎａｎｄｃｒｏｓｓｐｒｉｃｅｅｌａsticitiesofmaterialinputs､Theeconomicimplicationsof
themagnitudeofpriceelasticityhavebeendiscussedinｔｈｅprevloussectionSuch
discussionisvalidatthedisaggregatedlevelorattheindividualindustrylevel．

5.ConcludingRemarks

Multi-sectoralproductionfimctionsaresuccessfilllyestimatedbasedonthe2-Level

l2Suchatendencyhasalreadybeenpointedoutmourprevlouspapers(l992a)and(l992b)．
●
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CESproductionfimctionfbreveryindustryandcountIy、Allproductionfimctions
satisfiedthequasi-concavitycondition,andallintermediateinputsaswellaslaborand
capitalinputscanbeexpressedasfimctionsofeverycommodityprice､Theestimated
parametersarereasonablethroughoutalltheindividualindustriesandcountnes，

showingthesubstantialstabilityofourestimationmethod,whichmaywellserveasa
refもrencefbrcalibrationandhelptomaketheempiricalimplicationsoftheCGEmodel
morerealistic・

Anintemationalcompansonofproductionstructureattheaggregatedindustry

levelamongsixcountriesindicatesthattheownpriceelasticitiesofthecapital,labor，
eneIgy，andnon-energymaterialsdemandarehighestinKorea，secondhighestin
Taiwan,onthehighsideinltaly,WestGermanyandJapan,andlowestintheUnited
States､EastAsiancountnes,exceptfbrJapan,belongtothehighpriceelasticitygroup，
whileWestemcountnes,exceptfbrltaly,tothelowelasticityone,ａｎｄtheorderingof
themagnitudeofpriceelasticitymaybedeterminedbythemixedeffectsofvarious

factors,suchasthedegrceofmechanizationoftheproductionprocess,thedegreeof
modemizationofthelabormarket,theshareofproductionbyunincorpomtedfilmsin
totalproduction,andthediversifncationofproductsinlargefirms、

Theelasticityofsubstitutionbetweencapitalandenergyindicatesthatitis
positiveandconsiderablyhighmWestGermanyandJapan，reflectingstrong
mvestmentactivityaftertheoilcrises・Theobservedtendencythatestimatesvary
widelyacrossbothindustriesandcountriesmaysuggesttheneedfbrmorecarefUl
examinationofthecalibrationmethodmtheCGEmodelbasedonempiricalestimates．
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AppendixA:SymbolsandDefiniti0n0fVariables

20）復Eki

Defmitio筋symbol

AppendixB:Weak-separabilityofFactorsofPⅡ℃duction

Grossoutputofindustryj誠maIkelmce
GTossoutputofindustIyjinconstantpnce
PUiceOf画ossoutputofinduslryj

lnteTmediateinpUtf⑨mindustryﾉtoindustryjalmaJketprice
IntermediateinputfiomindustrWtoindustryjinconstamprice
AggrcgatedenergyinputofindusUyjalmaIketprice
AggregaledeneTgyinputofindugUyjinconstantprice
PriceofEi

Ag厚egatednon-eneTgyinputofindustIyjatmaIketprice
Aggregalednon､energyinpulofindustIyjinconstantprice
PriceofMi

GrosscapitalstockofindustryjalmaJketprice
GrosscapitalstockofindusUyjinconstantprice
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