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Abstract：

ThispaperaimstoexaminetheproductivitychangeoftheJapaneSeeCOnOmyuSingthedata

Pertainingtothe47prefecturesdurlngtheperiod1981－－T2000・ThedecompositionanalysISOfthe

Hicks－Moorsteen一句urekproductivityindexisconductedtoexplorethesourcesoftheproductivity

Change．Insummary，teChnicalchangeandefBciencychangearetWOOfthemostimportant

COmPOnentSdrivingprocyclicalproductivity．We丘ndthatrelativetheirimportanCeVariesover

Periods．SupplyshockscapturedbyteclmicalchangecomponentcausedupturnSinproductivityin

themidandlate80sandin1999and2000．SupplyshocksalsocauseddownttmSintheear1yand

mid90s．Ontheotherhand，demandshockscapturedbyefnciencychangeCOmPOnentdrove

uptumsofproductivityin1984，1990and1996whensupplyshockswerenotdetected・



1．In打0血1Ction

ThemainpurposeofthispaperistoexaminetheproductivityoftheJapaneSeeCOnOmyuSing

datapertainingtothe47prefecturesovertheperiod1981」000．Itisofparticularinterestto

ClarifythesourCeSOfproductivitygrow血inJapandmingthisperiod．WhiletheJapaneSeeCOnOmy

OutPerformedotherdevelopedeconomiesinthe1980s，itexperiencedseverestagnationinthe

1990s．Itshouldbenotedthattheaverageeconomicgrow仇rateofJapan，Wbichwas4．Opercent

dunngtheperiod1981－1990，fe1lconsiderablytol．4percentduringtheperiod1991一つ000．

Suchasharpdeclineprovidesusefu1evidenceforthepurposeofclarifyingtherelationshipbetween

PrOductivityandbusinesscycles．

Inmacroeconomicliterature，thepersistentempiricalfactofprocyclicalproductivityhas

receivedmuchattentionl．Theprocyclicalityofproductivityisaltemativelye叩Iainedby

technologyshocks，increaslngreturnStOSCale，OrPrOCyClicalvariationsinlPPututilization．In

Ordertoexamine血ichofthesefactorsismoreimportant，Wedevelopanewdecomposition

analysisoftheproductivitychangebasedontheHicks－Moorsteen一句urek（HMB）index．TheHMB

PrOductivityindexisdecomposedintofourcomponents：teChnicalchange，efnciencychange，SCale

Change，andtheinputandoutputmixe飽cts．

Thisdecomposablepropertyisquiteidealforthepurposeofdisentanglingthesourcesof

PrOductivitygrow也．ThetechnicalchangeCOmPOnentCaPtureSthee飴ctsofashiftinthe

PrOductionfrontieronproductivity．Theproduction舟ontierchangeSitspositioninresponseto

VariousShocksar1Slngfromtechnicaladvances，investmentininfrastruCture，andchangeSinthe

economicenvironmentconcemlngPrOduction．Inthispaper，theseshocksarereferredtoas“supply

Shocks”．Ontheotherhand，thee餓ciencychangecomponentmeasuresthee飽ctsofdeviations

fromtheproductionfrontieronproductivity．Therearetwom毎orsourcesofe伍ciencychange：the

firstisvariationsinlnPututilizationinducedbydemandshocks，includingchangeSinexports，

autonomousdomesticexpenditures，andfiscalpolicy，andthesecondischangeSinmanagerial

efnciency．WhiletheformerrePreSentnationwideshocks，thelatterareCharaCterizedas

idiosyncraticshocksconfrontedbyindustries．Sincethispqperanalyzesaggregateddataspamlng

allindustries，theefficiencychangeCOmPOnentmainlyreflectsthenationwidedemandshocksand

theresultinghborhoardingandexcesscapacity．

lRecentstudiesincludeBaily，BartelsmanandHaltiwanger（2001），Basu（1996），Sbordone

（1996，1997），andChirinko（1995）．
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Inadditiontothesetwocomponents，thee飴ctsoftheretumStOSCaleareidentifiedbythe

SCalechangeCOmPOnent・Further，theinputandoutputmixe脆ctsaremeaSuredseparatelyfrom

thescalee脆cts．Intheconventionaltotalfactorproductivity（TFP）analysis，thescalee飴ctsare

evaluatedonthebasisofthedi飴rencebetweentwoinputoroutputbundles，tyPica11y，inputsor

OutPutSObservedovera句acentperiods．Thus，thee飴ctsofchangeSininputandoutputmixare

COmPOundedwiththepurescalechange・Inthisway，thedecompositionanalysISOftheHMBindex

isolatesthescaleandmixe脆ctsbymeasurlngthescalealongafixedray・Asaresult，theinput

andoutputmixe飴ctsrepresentthedi飴renceinproductivitybymovingonthegivenproduction

frontier．

Byutilizingthedecomposableproperty，theHMBindexisappliedinassesslngtherelative

importanceoftheabovementionedfactorsassourcesoffluctuationsinproductivity・Itisalso

emphasizedthatbyhandlingvariationsinlnPututilizationwiththeefnciencychange，theHMB

PrOductivityindexmitigatesafamiliarCriticismagainsttheconventionalTFPforexcludingthe

behaviorofthe“off・PrOductionfrontier，Mnamely，unliketheconventionalTFPindex，theHMB

PrOductivityindexis叩Plicablewithoutanyadhoca句ustmentsininpddataevenifthevarying

intensityofinputusageconcealstruePrOductivity・Infact，nOOtherproductivityindexisas

SatisfactoryastheHMBindexforthisstudy・AlthoughtheT6rnqVistandtheMalmquistindexes

aremOreWidelyusedinrecentliterature，theirdecompositionanalysesareincomplete・The

T6rnqVistproductivityindexdoesnothaveanefBciencychangeCOmPOnentbecauseitpresumes

theoptimizingbehaviorofaproducer・Ontheotherhand，theMalmquistproductivityindexisnot

indicativeofscalechangebecauseitiswelldefinedonlywhentechnologyexhibitsconstantretumS

toscale・Asasymthesisofthesetwoconventionalindexes，theHMBindexserveSaSabasisforan

integrated丘amewofkinwhichtheproductivitychangeisfu11ydecomposed・

Torealizethosedesirableproperties，theHMBproductivityindexrequlreSthedistanCe

functions・Weestimatetheoutput－OrienteddistanCefunctionwithine伍ciencyspeci石・edasan

asymmetriccomponentoftheerrorterm・ComparedwiththeT6rnqVistproductivityindexandthe

Solowresidual，theHMBproductivityindexidenti丘esthetechnicalchangeandefnciencychange

componentsatcostofestimatingsuchanempiricalmodelofproductiontechnology2・

WebeginbyintroducingtheHMBproductivityindexanditsdecorppositionanalysisin

Section2・Section3explainsspeci重cationoftheemplrlCalmodelforimplementingtheHMB

indexanalysIS・Thestochastic録ontiermodelisspeci丘edinthetranslogformtOeStimatethe
●

2Instead，theHMBindexismeasurablewithoutprlCedata・
●
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OutPut－0rienteddistanCe鮎nctiononthebasisofapanelontheJapaneSePrefectureS．Section4

discussestheemplnCalresultspertainingtotheJapaneSePrefecturesfortheperiod1981」000・

Section5presentsaconclusionofthepaper．

2．Hicks－Moorsteen一句urek（HMB）productivityindex

Unlikepartialproductivityindexessuchaspercapitaproducts，theTFPindexisde負nedas

theratioofaggregateoutputtoaggregateinputindexes．Thus，theHMBproductivityindexalso

requlreSafimctiontoaggregateoutputsandinputs．ForthisitemploystheMalmquistindexbased

OnthedistanCefunction．Tbisapproachyieldstheaggregateoutputchangeindex丘omtheperiod

JtoJ＋1as

弼＋い
βよズ′，〆＋1）現＋1（ズ打l，〆＋1）

βよズ′，〆）現十l（∬＝，〆）

WberexTand yTaretheinputandoutputvectorattheperiodT＝t，t＋1，reSPeCtively，andthe

OutPut－OrienteddistanCefunctionisdefinedas

現（ズ，γ）≡min〈81（∬，〆8）∈α）

（1）

（2）

Wherefltistheproductionpossibilitysetconsistingofanytechnica11yfeasiblepalrOfippdsand

OutPutSattheperiodt・Bydefinition，D：（x，y）＞1impliesthatyisnotproduciblefromx・When

D：（x，y）≦1，theoutput－0rienteddistancefunctionmeasureSteClmicalefnciency，and

D：（x，y）＝lindicatesfu11efnciencyinthesensethatmoreoutputscannOtbeobtainedwithout

increaslnglnPutS．

Similarly，1nPutChangeindexfromtheperiodttot＋1isglVenby

●　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●

戒＋い
項ズ打1，〆）巧十l（ズ＝，〆十1）

亙（ズ∫，〆）巧＋1（ズf，〆＋1）

Theinput－0rienteddistancefunctionisdefinedas
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βf′（ズ，γ）≡maX〈∂至（ズ／∂，γ）∈n′）， （4）

wbereDit（x，y）＜1impliesthatyisnotproduciblefromx．WhenDit（x，y）≧1，theinput－

OrienteddistanCe鮎nctionmeasurestechnicale餓ciency，andDit（x，y）＝1indicatesfu11efficiency

inthesensethatinputscannotbereducedfurtherwithoutdecreaslngtheoutputs．

TheHMBproductivityindexisde負nedastheratiooftheoutputchangetOinputchange

indexes．Aformalde丘nitionoftheHMBproductivityindexwasgivenbyBjurek（1996）as

〟胴乱行い＝弼＋1，り戒巾 （5）

Since叫’1，tand戒＋l・tmeasurechangeSinoutputsandipputs，takinglogarithmsyieldstheir

PrOPOrtionatechangeS．Thus，1nHWt＋1・tmeaSureStheproportionateproductivitychangeforthe

Periodttot＋1，Whichisdecomposabletofourcomponents：teChnicalchange，7℃t＋1，t；e餓ciency

Change，ECt＋1，t；SCalechange，SC（＋1，t；andinputandoutputmixe飽cts，朋方t＋1，t・Inotherwords，

theproportionatechangeinproductivityfactorizesintheproportionatechangeSinthefour

COmPOnentSaS

1nHAmt＋1・t＝1nrCt＋1，t＋1nECt＋1，t＋1nSCt＋1・t＋lnAm （6）

ThedetailsonthesecomponentsarePreSentedinAppendixl．

Thetechnicalchangecomponentcapturesthee飽ctsofashiftintheproduction録ontieron

PrOductivitychange．Inordertomodeltheproductionfrontier，theoutput－0rienteddistanCe

functionofthetranSlogformisspeci丘edandestimatedbelow・Weintroducethetime－SPeCific

dummiesandcontroIvariablesintotheoutput－Orienteddistancefunctioninordertomeasureashi氏

intheproductionfrontier．

TheefnciencychangeCOmPOnentCaPtureSthee飴ctsofapproachingorrecedingfromthe

PrOductionfrontieronproductivitychange．Thesee飴ctsaremeaSuredbychangeSinthevaluesof

theoutput－OrienteddistanCefunction．Asmentionedear1ier，thee餌ciencychangeatthemacro－

1evelmostlikelyarises録omvariationsinlnPututilizationrateswithoutanaCCOmPanylngShiftin

theproductionfrontier．DemandshocksarlSlngfromchangeSinexports，autOnOmOusdomestic

expenditures，and負scalpolicyareconsideredtobethesourCeSOfsuchvariations．

ThescalechangeCOmPOnentC叩tureSthee脆ctsoftheretumStOSCaleonproductivity
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Change．Iftechnologyexhibitsincreasing（decreasing）returnStOSCale，theeconomywillbecome

more（1ess）productivebyaneXPanSionofthescale．Inthiscase，thescaleismeasuredbyascalar

thatindicatesthelevelofproductionactivity；mOreSPeCifically，WeuSetheaggregateindexof

OutPutSOrlnPutSaSaSCalemeasure．

Asaresult，thee飴ctsofchangeintheinputandoutputmixareeXCluded丘omthescale

changeCOmpOnent．Inordertoillustratethis，lettwolnPutSXlandx；beutilizedintheperiod t，

andx：’1andxZ’1intheperiodt・1．SupposeanaggregateinputindexistobeconstruCtedby

takingtheweightedaverageofthem，Withwastheweight．Wethusobtainachangeindexof

t’l・（1－W）x㌻1）／（wxlt・（1－W）x2t）．Ifsisemployedasascalemeasure，aggregateinputsass＝（wxl

thescalechangecomponentSCt＋1・tC叩tureSthee飴ctsofmoving丘om（xlt，X；）to（sx．，SX；）on

productivitychange．Thus，unlesssx．t＝X：’1andsx；＝XZ’l，theproductivitychangeisalso

af蹴tedbyadi飴rencebetween（sxl，SX；）and（x：’1，XZ’1）．Therefore，theinputandoutputmix

e飴ctsareneCeSSarytOCOmPletethedecompositionanalysIS．Withregardtomacro－1eveldata，the
●

lnPutandoutputmixef托ctswillbeobservedifthereisachangeinthesectoralcompositionofthe

economyoverindustriesthatdi飴rintermSOfproductivitygrowih．

3．EmplnCalmode1

3．1Estimationoftheoutput－OrienteddistanCefunction

InordertoimplementthedecompositionanalysisoftheHMBproductivityindex，WeeStimate

theoutput－OrienteddistanCefunction．Supposethattwoinputs，hborandcapital，PrOduceaslngle

output，therealGDP3・LetFLi，施，andyitdenotehbor，PrlVateCaPital，andtherealGDP，

respectively，Ofprefectureiforyeart．TbeshareOfthemanufacturingindustryintherealGDP，

hit，isintroducedasacontroIvariabletoaqustthedi飴rencesintheindustrialstruCtureOVertime

andacrossprefectureS・Publiccapital，XGi，1SalsoacontroIvariablethatisintendedtocreate

“atmosphere”byinfluencingthemarginalproductivityofprivatecapital．ThetwocontroIvariables

aredenotedbyzi＝（hit，Xii）．Thestateoftechnologyisrepresentedbytime－SPeCificdummies

At＝（A；，A；，…，A；），WhereATt，T＝2，3，・・・，Ttakesunitywhent＝Tandzero，0therwise．

3weimplicitlyassumehomotheticityandweakseparabilityofprivatecapitalandhborfromother

intermediateinputstoensureexistenceofthevalue－addedfunction．ThetranSlogoutput－0riented

distanCefimctionspeci鮎djustbelowlocallyprovidesasecondorderapproximationtothe

unkn0wnhomotheticvalue－addedfunction．

5



Thedeterministicpartoftheoutput－0rienteddistanCefunctionisspeciBedbythetranSlog

fbmas払1lows：

lnβよ克，施，乃；ヱ∴df）＝花（克，施，乃；Z∴dり

≡α0＋1nJ′f＋㌔1n屯f＋αglnズ衰

1　／．Jセ　1

・盲α比転卜盲塩恒ア

・qⅨ（1n瑚n克）

・γ“（1n細かγヵ打かd∴

（7）

Wberei＝1，2，…，N，t＝1，2，・・・，T．Byde丘nition，theoutput－OrienteddistanCefimctionis

linearlyhomogeneousinoutputs．mus，WeimposehomogeneityinanOutPutintheabove

SPeCiBcation，血ichsimultaneOuSlyensuresthatotherregularityconditionsaresatisfied・

Inaddition，theoutput－0rienteddistanCefimctionisnotgreaterthanunitywbeneveritis

evaluatedatanObservation．TbisconditionisintroducedinthespeCi銭cationofthestochasticpart

Oftheoutput－0rienteddistanCefimctionas

1n克（克，克，γ∴z∴df）＝－〟ff・γ∴J＝1，2，・・・，r，

where

〟f‘＝〟f（1・∑甲TdT‘），（1・甲′）＞0カ‥＝2，3，…，告
T＝2

●

－

一

－

●

∫

〃
　
　
V

～W（0，ロ…）l，

Ⅳ（0，ロ…），

（8）

anduiandviareaSSumedtobeindependent4・Theteclmicale伍ciencyoftheithprefectureforthe

yeartisgivenbyexp（－ui（1・q・，））・

Combiningeqs．（7）and（8），WeObtaintheestimationequation

4Tbeendogeneityofinputsisnotcontrolled・Tocopewiththeendogeneitybias，itisnecessaryto

SPeCifytheinputdemandequationstobejointlyestimatedwiththeoutput－0rienteddistanCe

functionwiththefu11informationmaximumlikelihoodmethod．
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花（克，亮，γ∴ヱ∴dり＝－〟f‘・V∴

Thelog－1ikelihoodfunctionofthismodelcanbeobtainedbyfo1lowingBatteseandCoelli（1992）・

Inparticular，

1n上＝。。血・ⅣrlnO・刑n九－ユ02∑
2　f＝1

1一入2

2＼
」

h
打

ヒ
〔
つ可＋lr∑H

′
し

Where◎（・）isthecumulativedistributionfunctionofthestandardnormaldistribution，

ち〟＝一項1・甲′）・Vf′＝花（克，亮，γ∴z∴dり，

0＝1／Gv，

九＝ロノ
2　　　2

Gv＋G〟 ∑（l・？‘）2．
J＝1

and

（9）

Oncetheoutput－OrienteddistanCefunctionparametersareestimated，theyareuSedtoobtain

theinput－OrienteddistanCefunctionvaluesrequiredintheHMBproductivityindex・InAppendix2，

WeeXPlainaproceduretotranSformtheoutput－Orienteddistancefunctionintoan1nPut－0riented

One・ForfurtherdetailsonmeasurlngtheHMBindexanditscomponents，refertoNemotoand

Goto（2005）．

3．2Data

Thetranslogoutput－0rienteddistanCefimctionisestimateduslngdatapertainingtothe47

PrefecturesinJapanovertheperiod1980「2000・ThedatasetiscompiledfromC凡拡PJRqg10nal

血onomicDatabaseconstruCtedbytheSocio－eCOnOmicResearChCenter，CentralResearCh
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InstituteofElectricPowerIndustry，Tokyo．Inthisdatabase，Privateandpdbliccapitalstocksare

COmPutedbytheperpetualinventorymethod，i．e．，aCCumulatingexpendituresfornetinvestment

uslngtheestimatesofcapitalstocksinthe1970NationalWealthofJapanSurveyaSabenchmad（．

Laborismeasuredbythetotalnumberofemployedpersons．TberealGDPiscomputedby

SummlnguPthevalue－addedyieldedby25industriesintermsof1995fixedpnces．Moredetails

arePreSentedin Yaman0andOhkawara（2000）．

4．Results

4．10utput－OrienteddistanCefimction

TheestimatedparameterSOftheoutput．0rienteddistanCeRmctionaredisplayedinTablel．

Thecoefncientsofsomea4jacenttime－SPeCiBcdummiesarereStrictedtobeequal，implyingthat

theproductionfrontierdoesnotshiftintheseyears．Intheabsenceoftheserestrictions，the

estimatedoutputdistanCefunctionexhibitsteclmicalregressforseveralyearS．Althoughteclmical

regressisemplnCallyimplausible，theconcernedcoefncientslargelysuggestthatitisinslgni丘cant．

Wethereforeassumethatneitherteclmicalprogressnorregressoccu汀edintheyearS血enno

SlgnificantShiftsintheproduction丘ontierweredetected5・

TberesultingparametereStimatesensurethattheoutput－0rienteddistanCefunctionsatis銭es

theregularityconditionswithinthesample．Tbecoefncientofthemanufacturingindustry＄hareis

Significantlynegative，indicatingthatthemanufacturingindustryismoreproductivethan0ther

SeCtOrSand，thereby，anincreaseinitsweightadvanCeStheproduction録ontier．Tbeinteraction

termOfpublicandprivatecapitalispositivelycorrelatedtothevalueofouq）d－0rienteddistanCe

fimction．Thissuggeststhatthemarginalproductivityofprivatecapitaldecreaseswithanincrease

inpubliccapital．Inthissense，PublicandprlVateCaPitalareSubstitutes．Withregardtothe

StOChasticpart，WeObservethatthevarianceofefnciencyfarexceedsthevarianCeOfstatistical

noise・Neglectinge餓ciencytermsintheemplrlCalproductionmodeleasilyleadsto

misspecification．

4．2HMBproductivityindex

5Asaresult，theproductionfrontierissupposedtohaltintheyearS1981－1984，1986，

1991－1995，and1997－1998．TbisdoesnotsignificantlylmpaCttheemplnCalresults．Theshape

OfthefluctuationsinthetechnicalchangeCOmPOnentdoesnotdependontherestrictionsalthough

thefluctuationsinthemid1980sbecomeslightlymoremoderateintheirabsence．
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Tables2and3andFigurelreporttheHMBproductivityindexandits払・CtOrizedcomponents

basedoneq．（6）．AllthefiguresinthetablesaremeasuredintermSOfpercentagechangeOVer

a句acentyearS，i．e．，meaSurementSOfeachtermOfeq．（6）aremultipliedbylOO・Table2andFigure

lpresenttheresultsofthedecompositionanalysISCOnductedatthesamplemean・Anoverviewof

Table2andFigurelindicatesthatthee脆ctsoftechnicalande餓ciencychangeSOnPrOductivity

OutWeighthoseoftheothertwocomponents．Theresidualfactordoesnotsystematicallya飴ctthe

PrOductivitychangealthoughitisnotnegligibleforseveralyearS．Table31iststheupperandlower

quartilesoftheresultspertainingtothe47prefecturesforeachyear．Thesumofthecomponents

doesnotequalproductivitychangebecausethesequartilesrepresentdi脆rentprefectureS・

Figure2depictsthedevelopmentoftheupperandlowerquartilesoftheHMBproductivity

index．TbegrowthrateofnationwideGDPisindicatedbythedottedline．Fromthis丘gure，the

PrOCyClicalityoftheproductivitychangeisevident・Insynchronywiththefluctuationsin

nationwideGDP，theproductivitygrow也declinedin1986，1992，and1998，andincreasedin1994，

1987－1990，1996，and1999「2000．Itisofparticularinterestinthiscontexttoexaminewhether

itissupplyshocksordemandshocksthathaveagreatercontributionincauslngtheprocyclical

movement．Wei11ustratetheresultsofthisexaminationinTable3byeachcomponent．

4．3TechnicalchangeCOmPOnent

Figure3showsthedevelopmentoftheteclmicalchangeCOmPOnent・Whilethecoefncients

OfthetimedummiesaretheprlmarySOurCeSOfthetechnicalchangeCOmPOnent，theyareinvariant

OVertheprefectures・Thisisapossibleexplanationfortheinter－quartilerangeofthetechnical

Changecomponentbeingconsiderablynarrow．

TechnicalchangecontributedtotheincreaseinproductivityandGDPgrowthinthemidand

late1980s，eXCePt1986，andthelasttwoyearSOftheanalysISPeriod・Incontrast，teClmicalchange

WaSreSPOnSiblefordownturnSinproductivityandGDPintheearlyandmid1990s．Itshouldbe

notedthattheteclmicalchangecomponentdidnotincreasedurlngtheperiod1994－1996，Wbena

去urgeOfproductivityandGDPgrowthwasobserved．Aselucidatedbelow，theefnciencychange

COmPOnentPlayedamoreimportantrOleascomparedtothetechnicalchangeCOmPOnentduring

thisperiod．

MeasurementsoftheteclmicalchangecomponentshowninFigure3areeStimatedby

ln7Ct＋1，t，Whichincorporatesthee飴ctsofthecontroIvariables・Inthepresentmodel，thepure

technicalfactor，reSultingsolelyduetothecoe餌cientsofthetimedummies，isisolatedfrom

lnrCt＋1・t・Topresentanoverview，Figure4showstheaccumulatedindexofpuretechnicalchange
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normalizedatonein1980．TechnicaladvanCeSareObservedinthelate80s，1999，and2000．In

general，thetechnicallevelremainedunalteredfortheremalnlngperiods，mainlyduetothe

ParameterreStrictionsimposedontheoutput－0rienteddistanCefunction・Theacctmlatedindex

reachedl・16in2000，implyingthatthetechnologywasenhanCedtoproduceaneXCeSSOf16

PerCentOutPutfromthesameam0untOfinputemployedin1980・

RevertingtoFigure3，WeObserveaPrOminentsurgeintheteclmicalchangeCOmPOnentin

1985・Onepossibleexplanationforthisistheadventofthemicroelectronictechnology・According

toJapaneSePrOductionstatistics，integratedcircuitsandsemiconductordeviceswerenrst

introducedin1983andtheirshipmentindexesexhibitedaremarkablyrapidgrow血in19846・As

longastheseindexesrepresentemerglngneWteChnology，thedominanCeOftheteclmicalchange

COmPOnentinthelatterhalfofthe1980sissu餓cientlyexplained・Furthermore，fluctuationsinthe

teclmicalchangeCOmPOnentduring1985－1987appeartOfo1lowtheshipmentofintegrated

Circuitswithaone－year1ag．Infact，theshipmentofintegratedcircuitsdroppedsharplyby41

PerCentin1985afteraremarkableincreasein1984・Thissuggeststhatittooksometimetoadapt

theproductionprocessestothenewlylnStalledmicroelectronicdevicesbeforeslgni丘cant

enhanCementSinproductivitywererealized．

4．4EfnciencychangeCOmPOnent

Figure5showsthedevelopmentoftheefnciencychangeCOmPOnent・Althoughtheestimate

ofo…impliessubstantiallylargevariationsinprefecture－SPeCifice餓ciency，theefnciencychange

COmpOnentShowsarathernaxTOWinter－quartilerange・However，thisisnotsurpnslngSincewith

theexceptionofafewyearS，thetime－Variantfactorsofe伍ciency，q｝t＋1－q｝t，areSOSmallthatthe

VariationsinefnciencychangeaCrOSSPrefecturesarelimited．

Weobservethatimprovementine餓ciencyfurtheredgrow也inproductivityandGDPover

theperiod1994－1996，Particularlyln1996・DemandshocksareCaPturedbytheefnciencyfactor

While，aSmentionedear1ier，teClm0logyshockswerenotprominent；therefore，theeconomic

recoveryduringthisperiodwaspossiblydrivenby鮎calexpanSion・Further，theefnciencychange

COmPOnenthaspeaksin1984and1990・InthesetwoyearS，WeObserveaPattemSimilartO1996，

6In1984，theshipmentofintegratedcircuitsgrewattherateof59percent，thehighestduringthe

Periodofanalysis．Thisisremarkableasevident録omthefactthatthesecondandthethirdhighest

ratesare37percentin1988and35percentin2000，reSPeCtively・AsimilarPattemisobservedin

theshipmentofsemiconductordevices．
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thatis，animprovementinefnciencyfurtheredproductivityandGDPgrowthintheabsenceof

teclmicaladvances．Incontrast，aSCOmParedtothetechnicalchangefactor，efficiencywasnota

mqorcontributortotherecoverylnPrOductivityandGDPin1999and2000．

Ingeneral，theefnciencychangeandtheteclmicalchangeCOmPOnentStendtomovein

OPPOSitedirections．ApossibleexplanationforthisisthatrealGDPdoesnotpromptlyfo1low

advancesintheproductionfrontier．Consequently，POSitivesupplyshockscreateagreaterdistanCe

betweenthefrontierandtheactualpointofproduction，implyinglowere伍ciency，atleastinthe

Sboれ－mn．

4．5Scalechangecomponent

Figure6showsthedevelopmentofthescalechangecomponent．Thee飽ctsofscalechange

aremuchsmallerthanthoseofteclmicalchangeande伍ciencychange．Thusitisdifncultto

explainprocyclicalproductivityintermSOftheshortrunincreaslngreturnStOSCale．Asillustrated

inFigure6，thedevelopmentoftheupperandlowerquartilesofthescalechangeCOmPOnent

exhibitsamirrorimage．ThisisbecauseincreaslnganddecreaslngretumSteClm0logleSCOeXistin

the47preftcturesandmovementofthescaleisrathercommonamongthem．Tbescalechange

COmPOnentisdefinedastheproductofthescalechangeandtheaveragescaleelasticityminusone，

thatis，（£：・占Fl）／2－17・Ifthescalechangeiscommon，theincreasingretums【（昌：・g：1）／2＞1］and

decreasingreturnS［（昌：・占：’1）／2＜1］technologiesyieldasymmetricpattemofmovementinthe

SCalechangeCOmPOnentS．Table4presentsthemeasurementsofthescaleelasticityofthe丘ve

largeStandsmallestprefecturesaswellasthequartiles．Reflectingtheagglomerationeconomies，

PrefecturesincludingthemetropolitanareaStendtoexhibitthescaleeconomies・

4．6Inputandoutputmixe脆cts

Figure7showstheinputandoutputmixe飴cts・Sincethereisasingleoutputinthepresent

SPeCification，themixe飴ctsrepresentchangesintheratioofthetwolnPutS，namely，CaPitaland

1abor．Tbus，Figure7suggeststhatacontinuousincreaseinthec叩italtohborratiooverthetwo

decadesofthestudyperiodenhanCedproductivity．However，thesee飽ctsareCOnSiderablysma11

anddonotappeartobeimportantfactorsinproductivitychange．Asnotedearlier，theinputand

OutPutmixe飴ctsshouldbelargerifthechangeintheindustrialstruCtureistakeninto

7seeAppendixlfortheformalexpressionofthescalechangecomponent・AIsorefertoNemoto

andGoto（2005）formeasurementofthescaleelasticity．
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COnSideration．However，intimeseriesdata，theef托ctsoftheindustrialstruCturemightbesmaller

thane叩eCted．Further，thesee飴ctsarePOSSiblyabsotbedintheteclmicalchangeCOmpOnent

becausetheshareOfthemanufacturingindustryisincorporatedintheoutptA－0rienteddistanCe

fimction．

5．Conclusion

Thisp叩er叩PliestheHMBproductivityindextoexaminingtheproductivityoftheJapaneSe

economyuslngthedatapertainingtothe47prefecturesovertheperiod1981「2000・Insummary，

teclmicalchangeandefnciencychangearetWOOfthemostimportantCOmPOnentSdriving

PrOCyClicalproductivity．WeobservethattheirrelativeimportanCeVariesoverdi飴rentperiods・

Supplyshocks，CaPturedbytheteclmicalchangeCOmPOnent，CauSeduptumsinproductivityinthe

midandlate1980sandin1999，and2000．Further，SuPPlyshockscauseddow血msintheearly

andmid90s．Ontheotherhand，demandshocks，C叩turedbytheefficiencychangeCOmPOnent，

Causeduptumsofproductivityin1984，1990，and1996，Ⅵ血ensupplyshockswerenotdetected・

However，itshouldbenotedthattheHMBindex叩PrOaChstilldoesnotprovideafu11y

integratedframeworkfortheproductivityandefnciencyanalyses．Whiletheefnciencycomponent

inthedecompositionanalysISrePreSentSteClmicalefficiency，itisnotindicativeoftheallocative

efnciencybecauseefnciencylSmeaSuredalongthe負ⅩedraypasslngthroughanObserved

COmbinationofinputsandoutputs．Aslongastherayis丘Ⅹed，theproductivityindexisinsensitive

tochangeSintherelativepricesofinputsandoutputsandisthusnOtindicativeoftheallocative

efnciency．FutureStudiesshouldfocusonaneXtendedHMB叩PrOaChthatincludesallocative

efnciencyasacomponentinthedecompositionanalysisofproductivity．Modelingallocative

efnciencyalsohelpsuscontroltheendogeneitybiasinestimationofthedistanCefunction・
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AppendixIComponentsoftheHMBproductivityindex

TheHMBproductivityindexisdecomposedasshownineq．（6）・Thisappendixpresents

formalexpressionsofeachcomponentofeq．（6）．

Thetechnicalchangeande伍ciencychangeCOmPOnentSareglVenby
●

1nrC打り＝1n

1n且CJり，J＝ln

and

現＋1（ズf，〆）戌＋1（ズ
）

l
＋▲

r
lγ

．
，

l
＋

▲
r
l
－

βよズf，〆）克（ズ＝，γ両）

現＋1（ズ＝，〆＋1）

βよズ′，〆）

1

一

2

、

t

ノ

respectively・TbetechnicalchangeCOmPOnentmeaSureSaShiftintheoutput－0rienteddistance

functionwhilekeepinginputsandoutputsconstant8・Theteclmicalchangeandefnciencychange

COmPOnentSareequlValenttothecorrespondingfactorsofthedecompositionanalysISPrOPOSedby

Fare，Grosskopf；NorrisandZhang（1994）inthecontextoftheMalmquistproductivityindex・

Thus，eq．（6）canbeconsideredasaugmentingFareetal’sdecompositionanalysiswiththescale

Changecomponent．

ThescalechangeCOmPOnentisglVenby

1n∫C打り＝

where

一′　　一J＋1

£。＋㌔

8ItshouldbenotedthatthetechnicalchangeCOmPOnentaSWellastheothercomponentstakesthe

formOfthegeometricmeanOfthetwoindexesuslngtheperiodtandt＋1asabase・

●
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亙（ズ′，γり

ヽ

1

ト

ー

ー

ノ

∧J＋1

8〃

1n
巧＋1（ズ＝，〆＋1）

and，

∫叫＝鴫（ズ巨1，ズf，〆＋1，〆）・

AsshowninNemotoandGoto（2005），昌：and昌：＋1areeStimatesofthescaleelasticity．Thescale

ChangeCOmpOnenttakestheformOfthescaleelasticityfactor（去：・g：’l）／2－1multipliedbythe

MalmquistinputindexthatisusedasascalarmeaSureOfthescalechange．Sinceascaleelasticity

larger（Smaller）thanoneimpliesscaleeconomies（diseconomies），eXPanding（COntraCting）thescale

alwaysenhanCeSPrOductivity，PrOVidedthescaleeconomies（diseconomies）prevail・

BesidesthescalechangemeaSuredbytheMalmquistindex，aChangeininputandoutput

quantitiesalsoa飴ctsproductivitychange．Tbedecompositionoftheproductivitychangeis

COmPletedbytheinputandoutputmixe飴cts．ThisISglVenby

＿ムnln朋野＝，J－
2

Wbere

現（∫′＋1・ゝ′，r勅γ）

現（ガトl，〆＋1）

r叫＝甥（ズ巨1，ズ′，〆＋l，〆）・

戌＋1（ズー，〆）

Inthiscase，theMalmquistoutputindexisusedtocapturethescalechangealongtheoutput

quantities．

AlthoughthemethodologlCalaspectoftheanalysISISnOtOfpnmaryconcern，theHMB

PrOductivityindexhastheremafkablepropedyofbecomingalmostequivalenttotheT6rnqVist
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productivityindexprovidedthatnoinefnciencyexists9・TheT6rnqVistproductivityindexru1esout

inefnciencybyassumption，WhichimpliesthattheHMBproductivityindexnaturallyextendsthe

T6rnqVistproductivityindexsuchthatthee脆ctsofefnciencyonproductivitycanbemeasured・

WefinallyobtainadecompositionoftheHMBproductivityindexas

ln月朋野（ズ′＋l，ズ′，〆＋1，γり

＝1n

＋1n

克（ズ打1，〆＋1）克（ズ′，〆）

現＋1（ズ打1，〆＋1）戌＋1（ズ′，〆）

戌＋1（ズ両，〆＋l）

克（ズ′，〆）

一J　人J＋1

∈0＋£0

＋1n
克（∫叫㌦′，r叫γ） 現＋l（ズ′，〆）

擁‘＋1，〆＋1）椚荒，葺

（ねC力乃わαJcゐα喝e）

（弓ガ言cね乃騨Cゐα喝e）

（∫CαJecゐα喝e）

2（ま甲〟Jα乃do吟〟Jぬ弓脾c可．

9Inparticular，ifnoinefnciencyexistsandtheoutput－OrienteddistanCefunctionisinthetranSlog

form，thecomponentsoftechnicalchangeandscalechangeCOincidewiththecorrespondingtermS

OftheT6rnqVistproductivityindex．Further，theefnciencychangeCOmPOnentOftheHMBindex

dis叩PearSintheabsenceofinefficiency，WhichconformStOtheT6rnqVistproductivityindex．
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Appendix2Input－0rienteddistanCefunction

Oncetheoutput－0rienteddistanCefunctionisparametricallyspecified，itisdirectlyestimableby

usingeconometricteclmiques．However，theHMBapproachrequiresboththeinputandoutp山一

OrienteddistanCefunctions．Thisappendixdescribesamethodtoobtaintheinpd－0rienteddistanCe

functionvaluesfromtheestimatedoutput－0rienteddistanCefunctionlO．

SinceD：（x，y）≦1implies（x，y）∈fy，theinput－OrienteddistanCefunctionisaltematively

de丘nedas

亙（ズ，γ）＝maX（8岬ご（ズ′8，γ）≦1）・

LettingDit（x，y）＝8＊，D：（x／8＊，y）＝1followsundertheregularproductionpossibilityset．Tbus，8＊

isobtainedbysoIvinglnD：（x／8＊，y）：0．Giventhetranslogoutput－0rienteddistanCefunction（7），

Wehave

‡（1n8＊）2長屋αダ・紳・1nβ領）＝0・

If芋宇αゲ＝0，也en

1nβf‘（∬，γ）＝－
lnβよズ，γ）

£三（∬，γ）

If芋宇αダ≠0，WeObtainaquadraticequation・Supposethatthereexistrealrootsln8；andln8；・In

thiscase，nOn－Smalleroneofthemisrelevantbythedefinitionoftheipput－0rienteddistanCefunction．

Therefore，

1n帥，γ）＝maX（叫，鴫）・

RealrootsexistaslongastheoutputdistanCefunction（7）isdecreasingininp血SOVeraSu餓ciently

largedomainar0und（x，y）．

ThedistanCefunctionvaluesrequiredtomeasuretheHMBproductivityindexandits

COmpOnentSareeValuatedusingthistechnique，giventheoutput－0rienteddistanCefimctionparameterS．

10Thesameprocedureisapplicableforobtainingtheoutput－0rienteddistanCefimctionvaluesfrom

theinput－OrienteddistanCefunction．
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Table 1.  Parameter estimates of the output-oriented distance function 
 Parameter 

Estimate 

Standard 

Error 

 Parameter 

Estimate 

Standard 

Error 

0α  0.1862 (0.0144)** 5ϕ  0.0776 (0.0533) 

Lα  -0.8353 (0.0194)** 6ϕ  0.0196 (0.0539) 

Kα  -0.2021 (0.0184)** 7ϕ  0.1034 (0.0701) 

LLα  -0.0032 (0.0270) 8ϕ  0.1665 (0.0698) * 

KKα  -0.0738 (0.0174)** 9ϕ  0.1568 (0.0707) * 

LKα  -0.0389 (0.0227) 10ϕ  -0.0307 (0.0493) 

KGγ  0.0577 (0.0107)** 11ϕ  0.0142 (0.0502) 

hγ  -0.6080 (0.0385)** 12ϕ  0.0675 (0.0515) 

5β  -0.0447 (0.0068)** 13ϕ  0.0952 (0.0542) 

7β  -0.0844 (0.0096)** 14ϕ  0.0440 (0.0539) 

8β  -0.1202 (0.0102)** 15ϕ  0.0014 (0.0539) 

9β  -0.1423 (0.0112)** 16ϕ  -0.2200 (0.0504) ** 

10β  -0.1325 (0.0109)** 17ϕ  -0.1557 (0.0513) ** 

16β  -0.1183 (0.0141)** 18ϕ  -0.1705 (0.0524) ** 

19β  -0.1288 (0.0169)** 19ϕ  -0.2385 (0.0640) ** 

20β  -0.1507 (0.0176)** 20ϕ  -0.2525 (0.0621) ** 

1ϕ  0.0376 (0.0340) uσ  0.1519 (0.0183) ** 

2ϕ  0.0042 (0.0341) vσ  0.0242 (0.0006) ** 

3ϕ  -0.0160 (0.0358)    

4ϕ  -0.1556 (0.0356)**    

Note: “*” indicates significance at the 5% level. 

     “**” indicates significance at the 1% level. 

 



Table 2.  Decomposition of the HMB productivity index evaluated
 at the sample mean unit: percentage

year Productivity Technical Efficiency Scale Input and Output Residuals

change change change change mix effects

1981 0.3549 0.3848 -0.4862 -0.0340 -0.0016 0.4920
1982 0.9171 0.2261 0.4321 -0.0131 0.0061 0.2660
1983 1.2488 0.5915 0.2614 -0.0106 0.0028 0.4038
1984 2.1133 0.3276 1.8102 -0.0037 0.0072 -0.0281
1985 1.9335 5.0333 -3.0191 0.0110 0.0306 -0.1223
1986 1.3967 -0.5182 0.7489 0.0168 0.0120 1.1372
1987 3.7524 4.1824 -1.0811 0.0360 0.0172 0.5979
1988 4.1822 4.1320 -0.8114 0.0555 0.0071 0.7989
1989 2.8745 2.4664 0.1245 0.0640 0.0112 0.2084
1990 2.9973 -0.7268 2.4173 0.0902 0.0067 1.2100
1991 -1.0300 0.2062 -0.5807 0.1310 0.0058 -0.7923
1992 -2.2280 -0.4790 -0.6877 0.0750 0.0043 -1.1405
1993 -1.5671 -0.2908 -0.3562 0.0643 0.0022 -0.9866
1994 0.2593 0.1075 0.6595 0.0437 0.0036 -0.5549
1995 0.7145 0.3713 0.5505 0.0768 0.0005 -0.2846
1996 2.3327 -1.3915 2.8744 0.0642 0.0015 0.7842
1997 -0.9433 0.1713 -0.8379 0.0235 0.0043 -0.3044
1998 -0.7341 -0.6619 0.1930 0.0283 0.0040 -0.2975
1999 2.3085 1.1473 0.8864 -0.0248 0.0041 0.2956
2000 2.5128 2.6889 0.1824 0.0121 0.0036 -0.3742

Average 1.1698 0.8984 0.1640 0.0353 0.0067 0.0654



Table 3.   Decomposition of the HMB productivity index
unit: percentage

  Input and output
year   Productivity change   Technical change   Efficiency change     Scale change    mix effects

     lower      upper      lower      upper      lower      upper      lower      upper      lower      upper
    quartile      quartile     quartile      quartile     quartile      quartile     quartile      quartile     quartile      quartile

1981 -1.06 1.14 0.12 0.98 -0.70 -0.29 -0.20 0.00 -0.01 0.02
1982 0.18 2.12 0.00 0.82 0.26 0.62 -0.06 0.02 0.00 0.04
1983 0.17 2.25 0.36 1.09 0.16 0.38 -0.06 0.02 0.00 0.04
1984 1.51 3.23 -0.04 0.83 1.07 2.60 -0.06 0.05 0.01 0.06
1985 0.61 2.87 4.65 5.57 -4.35 -1.79 -0.10 0.04 0.03 0.16
1986 -0.28 1.37 -0.88 0.13 0.45 1.08 -0.03 0.04 0.01 0.07
1987 2.05 4.49 4.02 4.57 -1.56 -0.64 -0.07 0.04 0.02 0.11
1988 2.01 4.67 3.95 4.57 -1.18 -0.48 -0.09 0.06 0.01 0.05
1989 1.81 3.45 2.18 2.91 0.07 0.18 -0.08 0.06 0.02 0.06
1990 2.08 3.44 -0.94 -0.27 1.44 3.50 -0.09 0.07 0.01 0.06
1991 -1.40 0.54 -0.02 0.55 -0.84 -0.35 -0.13 0.13 0.02 0.08
1992 -2.89 -0.81 -0.76 -0.04 -0.99 -0.41 -0.06 0.08 0.01 0.03
1993 -1.85 0.16 -0.52 0.30 -0.52 -0.21 -0.05 0.07 0.00 0.02
1994 -0.21 1.87 -0.03 0.43 0.39 0.95 -0.04 0.04 0.00 0.01
1995 0.35 1.83 0.16 0.70 0.33 0.80 -0.04 0.07 0.00 0.01
1996 1.64 3.08 -1.61 -1.01 1.70 4.13 -0.03 0.07 0.00 0.01
1997 -1.34 -0.14 -0.15 0.50 -1.20 -0.49 0.00 0.03 0.01 0.03
1998 -1.57 0.50 -0.83 -0.24 0.11 0.28 0.00 0.02 0.01 0.02
1999 1.78 3.11 0.83 1.48 0.52 1.27 -0.02 0.02 0.01 0.03
2000 1.80 4.10 2.34 3.08 0.11 0.26 -0.01 0.02 0.01 0.03



Table 4.  Scale elasticity  
rank prefecure scale elasticity

1 Tokyo 1.22
2 Osaka 1.17
3 Aichi 1.17
4 Kanagawa 1.15
5 Hyogo 1.10

12 Hiroshima 1.04 upper quartile
24 Toyama 0.97 median
36 Fukui 0.93 lower quartile
43 Shimane 0.88
44 Tokushima 0.88
45 Okinawa 0.87
46 Kochi 0.86
47 Tottori 0.84

Note: Elasticities are averaged over the period 1981-2000.



Fig. 1  Decomposition of the HMB productivity index evaluated
at the sample mean
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Fig. 2  HMB productivity index
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Fig. 3  Effects of technical change on productivity
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Fig. 4  Accumulated pure technical change
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Fig. 5  Effects of efficiency change on productivity
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Fig. 6  Effects of scale change on productivity-0.25
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Fig. 7  Input and output mix effects on productivity
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