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Abstract:High-speedrailininfrastructureconstructionhasbecomeapriorityworldwide,andvastinvestmentshavebeenmade;therefore.
ithasbecomeincreasinglynecessarytoappropriatelyassessregionaleconomicimpact,andmoreimportantly,todeliberatepolicytoimprove
regionalindustrialdevelopment・ThispaperlooksattheimpactsofShinkansenlinesonindustriallocationsinJapan.Unlikeprcvious
research,thisstudyinvestigatesbothsocioeconomicfactorsandphysicaldeterminantsthroughanempiricalindustriallocationmodel
andmultivariablestepwiseregressions.Theresultsindicatethatduringtheperiodof1990-2000,thedominantdrivingforceofindustrial
locationhaschangedfromindustrialtransactioninterdependencetopopulationconsumptiondemand・Theelasticityofaccessibilitytothe
Shinkansennetworkhasalsoshownanincreasingtrendfrom1990to2000.FurtherexpansionofShinkansenlineswouldencouragethe

developmentofseveralindustries,suchasrealestate,commer℃e,andservices,andwouldthuscontributetoformingtheregionaleconomic
structure.DOI:10.1061/(ASCE)TE,1943-5436.0000467..2012Americα"SocietyofCiv〃勘iginee応．
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Introduction

Theconstructionoftransportinfrastructureisoftenconsideredto
beaprimaryfactoraffectingaccessibilityandindustriallocation,
andhence,thegrowthofaregion.Duetosuchcharacteristicsas
safety,r巳liability,convenience,time-saving,andenvironmentally
friend血ess,high-speedrail(HSR)hasbeenrecognizedasoneof
themostimportanttransportmodesandhasbeengivenincrEasingly
greatpriorityinregionaldevelopmentintheworld.However,when
regionsandcitiesprofitsignificantlyfromHSR,somesideeffects
aresimultaneouslygenerated,suchastheover-agglomerationof
economyandpopulationinsomemegacitiesandthedecreaseof
economicpotential.WithmoreHSRtobeintroducedorexpanded
inbothdevelopedanddevelopingcountries,itisincreasinglynee-
essarytohaveabetterunderstandingofHSR'sroleineconomic
organization,andtodevelopappropriatestrategiesandpolicies
toreduceitssideeffectsonregionaldevelopment.

Globally,agooddealofresea【℃hhasbeenconductedconcern-
ingtheregionalimpactoftransportinfrastructure・Nakamuraetal.
(1981)classifiedthedirectandindirectimpactsofShinkansenand
sortedthecausallinksamongaffectingfactorsthroughaninterpre-
livestructuralmodelingapproach・Theyalsodevelopedasystem
dynamicsmodeltosimulatetheimpactsoftheSanyoLineon
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HiroshimaCity・NakamuraandUeda(1989)analyzedthedemo-

graphicchangesintheareawithandwithoutShinkansenandhigh-
wayservicesinJapan.TheyfoundthatsincetheoperationofHSR,
thereisasignificantconcentrationofpopulationintothemain
metropolitancenters,citieswithHSRstations,andareaswi山賊gh-
wayservices・TheseareconsistentwiththefindingsofVickerman
(1997),whoreviewedtheexperiencesofHSRdevelopmentin

EuropeandpointedoutthatnearlyallHSRstationsarelocated
inmajormetropolises,whichprobablyresultsintheexpansion
ofregionaldivergence.Gutierrez(2001)evaluatedtheaccessibility
unpactsoftheMadrid-Ba【℃elona-Frenchborderhigh-speedline
bymeansofthreeindicators:weightedaveragetraveltimes,eco-
nomicpotential,anddailyaccessibi町.Munnell(1992)usedan
extendedproductionfunctionapproachinwhichUShighway
capitalisaddedasapublicinputtoevaluatetheeconomicinfluence
ofinfrastructure・Rietveldetal.(2001)discussedtheexpenences

ofJapanandFranceandconductedacost-benefitanalysisofthe
plannedHSRlinksintheNetheriands.Kantor(2008)conducted
scenarioanalysisofthebenefitswithandwithouttheconstruction
ofHSRintheCentralValleyoftheUnitedStates,inwhichpop-
ulationandemploymentgrowth,qualityoflifeenhancement,real
estateimpacts,andotheraspects,areprojected・Leithametal.
(1999)usedthemultiregionalinput-outputapproachtoexplain

theimpactsoftransportinfrastructureinvestmentsonregional
economicdevelopment・Theyestimatedinterindustry/interregional
tradeflowsasafunctionoftransportcostandafixedmatrix
oftechnicalinterindustryinput-outputcoefficients・Koikeetal.
(2000)andUedaetal.(2001)appliedthespatialcomputablegen-
eralequilibrium(SCGE)modeltoevaluatethepotentialeconomic
damageofacatastiropheintheHSRnetworkduringthe1995Kobe

earthquakeinJapan.TheEuropeanObservationNetworkon
TbrritorialDevelopmentandCohesion(ESPON2011)reviewed

theprimaryliteratureonglobal,European,andregionalaccessibil-
itystudies,andpresentedasetofaccessibilityindicatorsand
impactindicatorstoassesstheeffectoftransportinfrastructure
onaccessibilityatdifferentlevelsanditslinkagetoeconomic

development.Thesestudiesprovideusefulinsightsintotransport
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infrastructui℃,especiallytheregionalimpactofHSR・How-
ever,moststudieseitherrelyontheoreticalabstractionand

qualitativediscussion,ortreattheimpactontheregionaleconomy

asawhole・Althoughmanydevelopmentshaverecentlybeenmade
inmodelingtheimpactoftransportinfrastructureonregional

economicdevelopment,suchasextendedproductionfunction
models,multiregionalinput-outputtrademodels,orSCGEmodels,
thesemethodsaresophisticatedintheoreticalfoundationand
complex,non-linearmathematics,butlackdetailorsoundempiri-
calapplication・Comprehensiveandquantitativeinvestigations
havenotyetbeenreportedregardingwhichpartofregional
economicframeworkHSRmayaffectortheextentoftheimpact
ofHSR.

Giventhisbackground,Shinkansenhasbeenselectedfor

empiricalanalysisbecauseJapanwasthefirstcountryinthe

HnkⅡnkII1日哩

Fig.1.StudyareaandexistingShinkansennetworkin2010(figures

inparenthesesrepresenttheyeartheShinkansenlinewasputinto
operation)

Table1.DataUsedinThisStudy

Scale Data Year

worldtoconstructHSRin1964,andShinkansenhasplayed
animportantroleinstructuringtheregionaleconomyandloca-
tingindustries.Thispaperconsistsoffourfurtherparts・Thenext
sectiondescribesthecharacteristicsofthestudyareaandlists
thedatausedformodeling.Afurthersectionpresentsanindustrial

locationmodeltoevaluatetheimpactofShinkansenon11major
industriesconcerningtheirlocationchoice,bywhichthede-
tailedcontributiontoregionaleconomicorganizationisunder-
stood.Thepenultimatesectionsurveystheempiricalresults,
andthefinalsectionsummarizesthepaperwithconclusionsand
discussions.

studyAreaandData

JapanisanEastAsiancountryconsistingof47prefectuiBs,witha

populationof128millionin2008inacomparativelysmallland
areaof377,000km̂(StatisticsBureau2010).Ithasthesecond
largesteconomyintheworldaftertheUnitedStates,ataGDP

ofapproximately4､6trillionUSDin2005(InternationalMonetary
Fund2006).BecausemostlargecitiesandindustrialzonesaiBloca-

tedlinearlyalongthecoastalplainandthepopulationdensityis
veryhigh,Japanhasafavoredenvironmentforrailpassengertrans-
port,whichisdominatedbytheinter-cityrailwaymodeandcen-

teredontheShinkansen.Despitetheremarkabledevelopmentof
airlmesandhighways,Shinkansenhelda6%shareofthetotal

domesticand16%ofinter-p唾企cturetransportvolumein2005
(CentralJapanRailwayCompany2008).BecausetheTokaidoLine

betweenTokyoandOsaka,withadistanceof515km,wasfirstput
intooperationin1964,theNationalShinkansenConstructionAct

wasintroducedm1970,intendingtheconstructionofnationwide

HSRnetworkofapproximately7,000km・By2010,sixprimary
ShinkansenlinesandtwoMini-Shinkansenshavebeencompleted.

withatotalnetworkexpandedto2,460km(Fig.1).
TostudythechangeofShmkansen'simpactonindustrial

locationsandconsiderthedataavailability,materialsin1990
and2000arecollectedfiromvarioussourCesatdi錐唾nt

scales.Aslistedmnble1,dataincludesocioeconomicstatis-

tics,traveltimeandcost,andaccesstimetotheShinkansen
network.

Source

Countrylevel Transactionsvalueandlaborinput
among11industries
Population
Numberofemployedpersonsby
industries

Inter-prefecturetransportmodeshare

1990,2000"Input-OutputTables"(StatisticsBureau1990,2000a)

P【巳企ctuI己

level(47

pi℃企etui℃s)

Citylevel
(761cities)

Inter-prefecturetraveltime

Inter-prefecturegeneralizedtravelcost

Population

TYaveltimefromcitycentertothe
nearestShinkansenstationbyusing
conventionalrailway

1990,2000

1990,2000

1990,2000

1990,2000

1990,2000

1995,2000

1990,2000

"HistoricalStatisticsofJapan"(StatisticsBureau1996,2008)
"PopulationCensus"(StatisticsBureau1995,2000b)

"Inter-regionalTravelSurvey"(MinistryofLand,Infrastructureand
Transport1990,2000)
"JTBTimetable"(JTB1990,2000)

"Cost-benefitanalysismanualforAirportDevelopment
Project"(MinistryofTVansportAviation1999)

"CostPbenefitanalysismanual"(RoadBureau,MinistryofLand,
InfrastructureandTransport2003a,1999)
"Evaluationmethodoftravelcostperunittimeandperunitvalue
(2003price)"(RoadBuiEau,MinistryofLand,血飽structureand
Transport2003b)

"JapanCityYearbook"(JapanAssociationofCity
Mayors1990,2000)

"JTBTimetable"(JTB1990,2000)

1552/JOURNALOFTRANSPORTATIONENGINEERINGcASCE/DECEMBER2012
i．



Table2.TransactionValuesinInput-OutputTable emphasizedtransportationcostreductioninaprofit-maximizing
world;histheoryhasbeenmodifiedbymanyresearchersinitslevel
ofdetail,sophistication,andincorporationofmorecomplexityinto
themodelassumptions(Moses1958;Greemut1963;Hamilton
1967;GreenhutandOhta1975).However,comparedwithsucha
greatvolumeofliteratureonindustriallocationtheory,empirical
analysesarerelativelyfew.Onereasonmaybedataconstraints.

Mostresearcherseitherapplyamultinomiallogitmodelin
industriallocationstudy,whichiscommonlyusedintransporta-
tionmodechoiceanalysis(Hansen1987;Pearmainetal.1991;
McQuaidetal.1996);orusestatisticalmethodsbyreducingcom-
plexdecisionstoanalgorithmforminvolvingalimitednumberof
explanatoryfactorssuchascharacteristicsofaspecificindustry,
localityandimportanceofconnectionswithotherareasandindus-
tries,andagglomerationeconomies(Porter1990;Storper1995;
Leithametal.2000).Inthisstudy,ratherthananalyzingtheimpact
ofShinkansenonindustriallocationthroughdefiningtheexplana-
toryvariableswhileneglectingunportantdeterminants,suchas
transactioncorrelationamongindustriesindifferBntregionsand
thepopulation'sconsumptiondemandfiomneighboringai巳as,this
studyusestheworksofpreviousstudies(Nakamuraetal.1983;
SumitomoTrustBusinessResearchInstimte1991)asabase,be-

causetheyconsideredthepreviouslydiscussedfactors,andincor-

pqratelocalaccesstotheShinkansennetworkasanotherimportant
drivingforce.Moreover,thismethodhasarelativelyloosereliance

ondatarequirements・mmodeling,thenumberofemployedper-
sonsisusedtorepresentthesizeofeachindustryinlocationchoice.
ThroughastepwiseestimationthatmanagestoavoidmulticoUi-
nearityinselectingthemostsignificantvariables,alogarithm-type
multivariablestepwiseiegressionmodelispiDposedasfollows:
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Table3.LaborInputMatrixAmongIndustries
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Table4･EmploymentCorrelationCoefficient
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ln(EM叫)=a*ln(InterDf)+&ln(ConsDf)一γ*ln(AT,)+C*
（1）

whereEMPLド=numberofemployeesofaspecificindustrykin
prefecturei;InterDf=functionofindustrialinterdependence,
whichindicatestheinteractioninfluenceofindustriesinotherarEas

ontheindustrykinprefbcture/;ConsDf=consumptiondemand
fromneighboringareasontheproductsorservicesofferedby
industrykinprefecturei;AT,-=weightedaverageaccesstime
ofprefectureitotheShinkansennetwork,whichtosomeextent

reflectsthedifficultyofanareatoprofitfromShinkansen・Itis

MethodologyandModelSetting

Considerableliteraturehasbeenwrittenonindustrialloca-

tionsfromwhichtodevelopamodelofbusinesslocationchoice.
Theoretically,thiswasfirstproposedbyWeber(1929),who
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Fig.2.mterdependencemechanismamong11industriesin2000(only9valueslargerthan0.1aremapped)
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