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Abstract

Thispaperinvestigatesfirm-levelproductivitygrowthwithcarefulconsiderationon

theeffectsofentry/exit.Wefoundtheproductivityconvergenceamongfirms.Besides,

theanalysiswithoutconsideringtheeffectsofexitscausesastatisticallysignificant

sampleselectionbiasinthespeed-of-convergenceestimation.
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1.Introduction

・Comparisonsofproductivityperformanceacrosscountriesarecentraltomanyofthe

questionsconcerninglong-runeconomicgrowth.・(BernardandJones,1996)Thus,there

hasbeen alargebody ofliteraturethatinvestigated cross-country productivity
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convergencebothatthecountrylevel(e.g.,DollarandWolff,1988;DorwickandNguyen,

1989;Wolff,1991)andattheindustrylevel(e.g.,Baumol,1986;BernardandJones,1996;

PascualandWestermann,2002).WhileBernardandJones(1996)foundlittleevidenceof

convergenceinmanufacturing,otherssupportedproductivityconvergenceincountries

withlowerproductivityattheinitialperiodbutgrowingrapidlyinthesubsequent

periods.

However,itshouldbenotedthatthegrowthofacountryresultsfromthegrowthof

industries,whichcomesfromthegrowthoffirms.Ultimately,theproductivitygrowthof

acountry isattributed totheproductivity growth offirms.Thus,toexamine

characteristicsofacross-countryproductivityconvergence,itisoftheutmostimportance

toexaminecharacteristicsoftheproductivityconvergenceamongfirms.Inspiteofthis

importance,nonebutGriffith,Redding,andSimpson(2002)examinedtheproductivity

convergenceatthefirmlevel.

Thispaperexaminesthegrowthofproductivityatthefirmlevel,extendingthestudy

byGriffith,Redding,andSimpson(2002).Notethatcountrieshardlyenter/exitwhile

firmsoftendo.Ourcontributionistwofold.First,thispaperis,tothebestofour

knowledge,thefirststudytoanalyzefirm-levelproductivitygrowthwithcareful

considerationontheeffectsofentry/exit.Second,weusealarge-scaledatabaseoffirms

inJapanfortheperiod1994-2000,whichcontributestotheliteraturebyaddinganother

nationalperspectivetoavailableevidence.

2.ResearchDesign

2.1.Model

ThesimplemodelofproductivityconvergenceproposedbyBernardandJones(1996)isour

initialmodel.Themodelhasbeenextensivelyutilizedinthestudiesofcross-country

productivityconvergenceandrecentestablishment-andfirm-levelproductivitystudies

(Griffith,Redding,andSimpson,2002).Letusdenotetotalfactorproductivity(TFP)for

firmiinyeartby・it.Theestimationmodelisdescribedasfollows:

wherethespeedofcatch-up・isdenotedbyanegativecoefficientof・1＝－{1－(1－・)T}/T

and・iTisanerrorterm.

2.2.Econometricissues

Thestandardprocedureofacross-countryproductivityconvergenceistoestimate
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・ln・iT＝
1
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equation(1)andthentogettheestimateofthespeed-of-convergence・fromtheestimate

of・1.However,thisprocedurecannotbeappliedtocross-firmconvergencedirectly,since

wehaveaproblemofdatatruncationinfirmdatathatisnotpresentincountrydata.In

thecaseofcountrydata,whetherornotaparticularcountryisinthedatasetweconsider

isnotcorrelatedtothecountry・sproductivitylevel.Incontrast,whetherornota

particularfirmisinthedatasetisquitelikelytobecorrelatedtothefirm・sproductivity

level.Ifaparticularfirm・sproductivitygoesundersomethresholdlevel,thisusually

impliesaseriousprofitabilityproblemforthefirm.Then,thefirmislikelytobeclosed

downand/orbankruptsothatitdropsoutofthedatasetweconsider.Thiscorrelation

betweendatatruncationandproductivitymayproduceawell-knownbiasofsample

selectionifweestimateequation(1)byanordinaryleastsquares(OLS).1)

Letusconsiderfirms・entryandexitpatternsbetweenyear0andyearT,whichare

classifiedintothreetypesassummarizedinTable1.Type-1firmsaresurvivorsthat

continuetostayinthemarketbetweenyear0andyearT.Type-2firmsareexitfirmsthat

stayinyear0butexitfromthemarketbeforeyearT.Type-3firmsareentrantsthatstart

theirbusinessafteryear0.Whetherornotproductivityisobserveddependsonthe

patternsofentryandexit.Theentryandexitvariationsleadtothemissingdataforthe

dependentorindependentvariables.Theproblem isthatwecannotobserve・ln・iTfor

Type-2firmsbecauseType-2firmsexitfromthemarketbetweenyear0andyearT,which

maycausesampleselectionbiasinestimatingproductivityconvergenceequation(1).2)

Table1:Entry,Exit,andObservabilityofVariables

Toovercomethissampleselectionproblem,wethusintroduceselectionequation.

Dunne,Roberts,andSamuelson(1989)findthatplantsizeandagearestatistically

significantdeterminantsofplantfailure.FollowingthefindingsofDunne,Roberts,and

Samuelson,weassumethatexitdependsontwofactors:employmentscale(L)andfirm

age(AGE).Inaddition,weassumethatnaturalselectionmechanism works:firmswith

lowerproductivityexitfrom themarket.Thus,theselectionequationfortheexiting
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Year0 YearT
Independent
variable

Dependent
variable

・i0 ・iT ln・i0 ・ln・iT

Type-1 Survivors observable observable observable Observable

Type-2 Exiters observable missing observable Missing

Type-3 Entrants missing observable missing Missing

1)Formoredetail,seeHeckman(1976).

2）Iffirmiexitsfromthemarketbetweenyear0andyearT,・iTisnotobservable,andthegrowthrate

ofTFP,・ln・iTcannotbedefined.Thismeansthatthedependentvariableisamissingvariable.



firmsisrepresentedasfollows:

where・i0isanerrorterm.Letusdefine・bethecorrelationbetween・iTand・i0:E(・iT｜・i0)＝

・・i0.Sampleselectionbiasexistsif・≠0.

2.3. DataandMeasurementofProductivity

ThemicrodatabaseofKigyouKatsudouKihonChousaHoukokusho(TheResultsofthe

BasicSurveyofJapaneseBusinessStructureandActivities)preparedbyMETI(1996-2004)

wasusedforthisstudy.Thissurveywasfirstconductedin1991,againin1994,and

annuallythereafter.Themainpurposeofthesurveyistocapturestatisticallytheoverall

pictureofJapanesecorporatefirmsinlightoftheiractivitydiversification,globalization,

andstrategiesonR&D.Fromthissurvey,wedevelopalongitudinalpaneldatasetforthe

yearsfrom1994to2002.

IncomputingTFP,weemploythemultilateralindexmethoddevelopedbyCaves,

Christensen,andDiewert(1982)andextendedbyGood,Nadiri,Roller,andSickles(1983).

Thismultilateralindexusesaseparatehypotheticalfirm asareferencepointforeach

cross-sectionofobservationsbyindustryandchain-linksthereferencepointstogether

overtimeinthesamewayastheconventionalTheil=T�rnqvistindexofproductivity

growth.Theindexreliesonasinglereferencepointthatisconstructedasahypothetical

firmthathasthearithmeticmeanvaluesoflogoutput,loginput,andinputcostshares

overfirmsineachyear.Eachfirm・soutputandinputsaremeasuredrelativetothis

referencepointineachyearandthenthereferencepointsarechain-linkedovertime.

Outputisdefinedasgrossoutputwhileinputsarecapital,labor,andintermediateinputs.

Formoredetaileddescription,seeNishimura,Nakajima,andKiyota(2005).

3.Results

Table2reportstheestimationresultsofthemodelwithandwithoutselectionequations.

Theresultswithouttheselectionequation(Model0)aregeneratedbyOLSwhilethe

resultswiththeselectionequation(Model1)aregeneratedbyHeckitestimation.To

obtainthespeed-of-convergence,wefirstestimate・1,andthencompute・usingthe

relationshipbetween・1and・:・1＝－{1－(1－・)T}/T.Notethatthebaselinemodelwithout

theselection equation usesonly Type-1(surviving)firmssothatwelose6,490

observationsofType-2(exiting)firms.

Twofindingsstandoutfromthistable.Firstly,inbothModels0and1,weobservethe

strong evidenceofproductivity convergence.However,thespeed-of-convergenceis
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differentbetweenthetwo.TheconvergencespeedisfasterinModel1thaninModel0.

Furthermore,thecoefficientof・issignificantlynegative.Alog-likelihoodratio(LR)test

forH0:・＝0isrejectedatthe1percentlevel.Thisimpliesthatthereexistsastatistically

significantsampleselectionbias,causingabouta0.9percentagepointdownwardbiasto

・.Thus,theresultsclearlysuggestthenecessitytoincorporatetheselectionequationin

theanalysisoffirm-levelspeedofproductivityconvergence.

Table2:EstimationResultsandSampleSelectionBias

Secondly,thespeedofproductivityconvergenceissignificantlyfasterthanthespeed

reportedinthepreviouscountry-levelstudies.While,forexample,DorwickandNguyen

(1989)reportedthatthespeed-of-convergenceamongcountrieswas2.5percentannually,

theresultofModel1showsthatthespeedofconvergenceis11.1percent.Atfirstglance,

thisseemsaveryhighrate,butitisnotsohighifonelooksatitsorderofmagnitude.

Supposethattheproductivityleveloffirmis10whilethatofthemostproductivefirmis

100.Ifthespeed-of-convergenceis11.1percent(i.e.,・＝0.111),itstilltakesabout22years

forfirmitocatchuptothemostproductivefirm.3)Notethatwhetherornotafirmcan

surviveformorethan22yearsisanimportantissue.Nishimura,Nakajima,andKiyota

(2005)confirmedthatinJapanabouthalfofnewfirmsexitedfromthemarketwithinfive

years.4)

ProductivityConvergenceattheFirmLevel

29

Model0 Model1

Productivity
convergenceequation

Selectionequation
Productivity

convergenceequation

・0 Constant -0.003*** -1.875*** 0.000

[0.000] [0.081] [0.000]

・1(・1) ln・i0 -0.072*** 1.085*** -0.076***

[0.001] [0.107] [0.001]

・2 lnLi0 0.360***

[0.011]

・3 lnAGEi0 0.121***

[0.018]

N 11,280 17,770 11,280

・ -0.562***

[0.023]

・ 10.2% 11.1%

LRtestforH0:・＝0 186.70***

Note:Standarderrorsareinbrackets.***indicatessignificancelevelat1%.

3）Ittakesmorethan27yearstocatchuptothemostproductivefirmifthespeed-of-convergenceis

estimatedas8.8percent(Model0).

4）ThisisnotaJapanspecificfact.Forinstance,about70percentofnewfirmsexitedfromthemarket

within10yearsinFrance.See,Bellone,Musso,Nesta,andQu�re(2006)formoredetail.



4.Conclusion

Thispaperhasexaminedthegrowthofproductivityatthefirm level,especially

focusingontheeffectsofconvergence.Ourfindingsaresummarizedasfollows.Firstly,

theproductivityconvergenceamongfirmsexists.Inaddition,thespeed-of-convergenceis

fasterthanthespeedobservedinthepreviousnational-orindustry-levelstudies,which

indicateanannualaveragerateof11.1percent.

Secondly,analysiswithoutconsideringtheeffectsofexitscausesastatistically

significantsampleselectionbiasinthespeed-of-convergenceestimation.Wehaveused

sampleselectionmodelstocorrectthebiasandhavefounda0.9percentpointdownward

biasinthespeed-of-convergenceintheanalysiswithouttheselectionequation.
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