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はじめに

新興工業国は､経済発展の初期段階から一般の公害対策に加えて地球規模での環境問題

への対応が迫られている｡この点で先進工業国が､当初主として局所的な環境問題(公害)

への対応することで経済成長を成し遂げてきた発展過程と大きく異なる｡先進工業国は経

済成長を成し遂げた後に地球規模の環境問題への対応が迫られるようになったことで､先

進工業国の側に､新興工業国が現在抱える環境･経済問題解決のための十分な理解がある

とは言えない状況にある｡経済成長とともに加速する新興工業国の環境問題解決のために

は､先進工業国は､環境汚染の内部化に成功したプロセスにおける政府･企業の役割(対

策)を明らかにし､新興工業国がとるべき環境対策の方向を示して行く必要がある｡

現代の新興工業国(中国およびアジアNIES)は､国際市場における工業製品の飽和を考

慮すれば､いっそう厳しい経済条件下で環境保護を進める必要にさらされている｡この現

実をふまえ､本研究は､新興工業国側の要請に基づき､環境政策がそのマクロ経済全般に

もたらす効果を明確にすることを試みたもので､経済成長の維持と地球規模での環境保全

を合わせた持続的経済成長のための政策立案に対し有効な情報提供を通して､新興工業国

が自らの環境対策を進めていくため指針の提供を目指してきた｡

この報告書は､大きく二つの部分からなっている｡第一部の｢EconomicDevelopment:

EnvironmentPerspective(経済発展:環境の視点)｣は､主としてこの研究に携わった研

究者の経済発展と環境保護にかかる研究成果をまとめたものである｡ここでは､2000年に

この科研プロジェクトの一環として開催した国際シンポジウム｢Environment,and Our

Sustainabilityinthe21stCentury:UnderstandingandCooperationbetweenDeveloped

and Developing Countries｣において報告いただいた中国国家環境保護総局司長(部長)

の彰近新氏およびシカゴ大学経済学部のジョージトーリイ教授の論文をプロシーディン

グスから再録させて頂いた｡

第二部の｢EconomicGrowth:RegionalPerspective(経済発展:地域の視点)｣は2000

年に寧夏大学と共催した『中国西部経済発展国際シンポジウム』において報告された論文

のうち地域開発の視点から経済発展を分析した研究を収録している｡地域開発の論文を同

時に収録したのは､環境問題の解決にはその地域それぞれの政府と民間の地道な取り組み

がわけても重要であると私が考えたことに他ならない｡発展途上国の環境問題を解決に導

く鍵が､地域の経済発展パターンの厳密に分析を通して得られる可能性が高い､〕

第二部にも､シカゴ大学経済学部のトーリイ教授が『中国西部経済発展国際シンポジウ

ム』に出された論文を収めさせていただいた二,この論文は､寧夏大学の呉教授や私が､シ

カゴ大学でトーリイ教授の主宰されている中国の西部開発に関する研究会のメンバーに加

えて頂いていたことから､このシンポジウムのために書いてくださったものである｡▲また､

名古屋大学大学院法学研究科の加藤久和教授､同経済学研究科の塚田弘志教授は､この科



研のメンバーではなかったが､それぞれご専門のお立場から中国の環境問題と地域開発に

資するためということで論文を用意してくださるとともに本報告書への掲載を快く了承し

てくださった｡

本報告書の構成にかかる諸に加えて､寧夏大学と『中国西部経済発展国際シンポジウム』

を共催するに至った経緯､この科研プロジェクトがもたらした思わぬ波及効果およびこの

報告書が英語で編集された理由について簡単に触れさせて頂きたい｡

現在の中国の重点政策である｢西部開発｣と｢環境保護｣の研究を進めるべく寧夏大学

西部発展研究センターが2001年10月に設立されたことから､寧夏大学副学長で同センタ

ー主任(当時 現寧夏省社会科学院院長)の呉海鷹教授からの強い研究協力要請があった｡

この要請に対し､研究分担者の大分大学の静進軍教授と相談の上､この科研プロジェクト

の最終報告会を寧夏大学の『中国西部経済発展国際シンポジウム』に併せて開催すること

にした｡中国の環境問題への貢献姿勢を明確できかつ我々の研究成果を公開できる絶好の

機会ととらえ､積極的な協力を行うこととなった｡もともと我々の研究は､先にも述べた

とおり､先進国の公害克服の経験を経済学的に明らかとすることで環境問題に直面してい

る新興工業国の環境政策に寄与することを目的としたものであることから､寧夏大学にお

いてこのような形で我々の研究成果を発表する機会が与えられたことは､誠にうれしいこ

とであった｡

この研究プロジェクトでは､2002年度に西安市､桂林市､南寧市､2003年度には寧夏省

で､政府の環境政策と企業の対応に関する質問票調査を実施した｡この調査では､国家環

境保護総局の彰近新司長および北京大学環境科学研究所の来股基教授の研究協力をお願

いし､突先生の大学院生をそれぞれの環境保護局に派遣してもらい､その院生が現地での

調査員の指導を行うという形で企業調査を進めることができた｡3人の北京大学の院生が

協力をしてくれた｡寧夏大学でのシンポジウムに突先生がこの3名の大学院生を伴ってい

らしたが､驚いたことにはこの院生たちが､集めたデータをもとに自分たちですでに企業

の環境対策に関する分析を始めており､その成果をシンポジウムで報告してくれた｡寧夏

大学の呉先生も､寧夏省での質問票調査のデータをもとにこの報告書の第7章に収録した

研究をまとめられていた｡

私は､この瞬間まで､中国において､研究者自らがデータを採りそれをもとにして自ら

が環境政策と企業の対応に関する分析を行い自らが政策提言を行うようになるには今しば

らくの時間がかかると考えていた｡このゆえに､｢公害先進国･環境先進国｣の日本が主

導する形で､中国の環境をテーマとする研究プロジェクトを進めた｡ところが､研究成果

の公刊においても､寧夏大学の呉教授に先を越されてしまうといううれしい誤算が生じた｡

我々の研究チームの報告を含む『中国西部経済発展国際シンポジウム』での報告論文は､

中国語に翻訳され《中国西部経済発展理論と実証研究》として一足先に中国経済出版社か

ら出版されたr.
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出版の計画段階から､この科研プロジェクトに対して研究協力をしてくださった多くの

方々､さらにはこの科研の研究分担者や研究協力者から､一連の研究成果を英語版として

編集してほしいとの希望が出されていた｡特に､中国の研究者に､この要望が強かった｡

この要請に応えるべく､また我々の研究のいっそうの国際化を図るという目的を兼ね､こ

の報告書は英語で編集することとなった｡本報告吾が､表紙と前書きを除き､英語版とな

ったのはこの事情による｡

この文部科学省科学研究費補助金『環境関連財政支出および企業の環境対策によるマク

ロ的経済効果に関する日中比較研究』を終えるにあたり､このプロジェクトに対しさまざ

ま形でご助力をくださった方々に対して､研究チームを代表しお礼を申し上げたい｡わけ

ても､名古屋大学名誉教授飯田経夫先生､中国国家環境保護総局司長彰 近新氏､シカゴ

大学経済学部名誉教授ジョージ･トーリイ氏､韓国エネルギー経済研究所所長李相馬昆氏､

中国寧夏省社会科学院院長呉海鷹氏からはなにものにも代え難い貴重なご助言と多くの

支援を受けた｡この方々のご理解なしにはこの研究プロジェクトはけっして成立しなかっ

たといっても過言ではない｡

最後に､名古屋大学経済学研究科事務局の効率的にしてかつ心のこもった研究サポート

に対して感謝の意を表したい｡事務長の鈴木宏治氏(ご退官)､同古田牧夫氏､庶務掛長

の中山聖英氏､会計掛長の小林雪子氏(ご退官)､同林光治氏､会計掛主任の伊藤誠氏､

会計掛事務官大場亮氏､同小椋友明氏ほか大勢の方々の研究支援に対し感謝申し上げたい｡

研究チームを代表して

名古屋大学大学院経済学研究科助教授 荒山裕行
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Chapter13

CanEconomicPolicyReverseReglOnalInequality?

ConvergenceacrossProvincesinChina,1978to2000

ChiAN†

1.Introduction

AmaJOrdebateconcerningtheexistenceofconvergenceamongcountriesorbetween

regions within a country over time has been going on since Solow(1956)and

Swan(1956)developedtheneoclassicalgrowthmodel.Empiricaltestsofconvergence

払11into two categories･The nrst
set,basically consistinginthe performing

CrOSS.SeCtionregressions,rejectsthenoconvergencenullusingthesubsequentgrowth

ratesforagroupofeconomiesduringaparticularperiodasadependentvariableand

theinitialper capita outputlevelsin each of them as anindependent variable.

Barro(1991),Barro and Sala-I-Martin(1995)and Sala-I-Martin(1996a,96b)do not

indicate thatthereisconvergenceinincomelevels acrossthe whole sample ofl18

COuntrieswithintheperiod1960to1985,butillustratestheexistenceofconvergence

Within high･income countries belonging to OCED area.Baumol,Nelson and

Wolff(1994)indicates that diffbrencesin conditionallevels of productivity are

decreasingacrossthesamewholesample,aftereliminatingAfricancountries.

The second set,COnSistingln time series tests,Shows that thereislittle

Observable tendencyforpoorereconomiestocatch up to richerones,aSWellasthe

hilureofpercapitaoutputtoequalizeacrossdevelopedcountriesandlessdeveloped

†ChiAN,GraduateSchoolofEnvironmentStudies,NagoyaUniversity.

EarlierversionofthispaperwaspresentedattheJEASpringMeeting,May2001.I

amindebtedtoYukoArayama,TatsuakiKuroda(NagoyaUniversity)fortheirtime,
Patience andinvaluableinstructions.Iam gratefu1to two anonymousrefereesfor
helpfu1commentsontheearlierversionthathaveimprovedthepaper.Thanksare

alsoextendedtoGeorgeTblley(UniversityofChicago),ShiroMakino,KinjiIwai,
Takao Nishibe and Chihiro Furuta(the Kyoristu ResearchInstitute)払rtheir
COnStruCtive suggestionsbnthissubject.Iwouldalsolike toacknowledge support

from the MatsushitaInternationalFoundation･Needless to say,Iam solely

responsiblefbralltheremainingerrorsandshortcomings.
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countries.AccordingtoQuah'scritique(1993,1996),theexistenceofbetaconvergence

iscompatiblewiththeexistenceofinternationalinequalitythatremainsconstantor

evengrowsespecia11ybetweendevelopedcountriesanddevelopingcountries･Anditis

meaningthein-eXistenceofacatchingofpoorereconomiesuptoricherones･

Resultsoftenhavebeencontradictorywhendiffbrenttestshavebeenapplied

tooutputseriesandthishasledto awideliterature whichhasformallytestedthe

convergence hypothesis andinterpreted convergence.Bernard and Durlauf(1996)

proposetwodennitionsofconvergencewhichcapturesomeoftheimplicationsofthe

neoclassicalgrowthmodelrelatedtothe
diftbrence betweenthelevelsofper capita

income
of difhrent economies.They arel)Chvezmce

as catching LFP and

2)肋間CeaSequali伊OFthe加g-temhrecastata血edtLz21e.Thesedennitions

characterizeconvergencebetweenapairofeconomiesormembersofasetofeconomies

inwhicheverypairexhibitsconvergence.Thedennitionl)impliesthatthediffbrences

betweentheeconomiesunderanalysistendtodecrease,andthedeG.nition2)implies

thatthelongtermforecastfor these diffbrencestendsto zero as the horizon grows

larger,Whichmeansthattherearenotanyshockswithindennitelylongeffbcts.

Givenimplicationsofthesedennitions,UtreraandKoroch(1998)developthe

modelfor the case of Argentina,fo1lowingthe procedure proposed by Zivot and

Andrews(1992),a unit･rOOt teStingprocedure concerning the dynamic properties of

macroeconomictimeseries,bywhichthenon･COnVergenCehypothesisisrejectedifnull

hypothesisofthe existence ofunit-rOOtCan be
rejected,Orifthe

hypothesis ofthe

existenceofadeterministictrendcanberejected.

The regionswithin
China show marked disparitiesin regionalincome and

have registered quite diflbring growthperformances
over the past20yearsl.Some

backward regions realized rapid catching-uP tO advanced regions,While others

Stagnatedinpercapitaoutputs2.Thispaperistoexplorethecharacteristicsofregional

disparityandstructuralchangeintheprocessofeconomic.Theanalysiscontributesto

the regionalgrowthliteraturein three respects.First,a Wayis developed to

distinguishtheChina'sregions(30provinces)intothreedi鮎rentgroupswithrespect

to difLbrentinitialincomeleveland mixed growthperformance.Second,the paper

applies"Classical"testofconvergence hypothesis to show disagreements about the

empiricalevidencein hvor ofor againstthe existence ofconvergence ofregional

1Italsoseemsclearthatgrowthismuchmorediffbrentafterthetransitiontoa

marketeconomyin1978thanitwasinthe"CommandEconomy periodfrom1949to

1978.

2SeeArayama(1991)whoproposedthedichotomybetween"advanced"regionsand
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Output.Third,COnSideringthetwode丘nitionsofconvergenceproposedbyBernardand

Durlauf(1996)fortheunit,rOOtteStintimeseriesmodel,theanalysisistoshowthat

the empiricalevidencefor
or agalnSt the exist,enCe Ofregionalstructuralchanges

COnStitutesevidencefororagainstthehypothesisofregionalconvergence.Thepurpose

Ofthis paperis to awaken aninterest ofthose who considerit possible to reverse

economicinequalities,throughtheimplementationofdiffbrenteconomicpolicies.

Theinvestigated panelconsists of realper capita GPP(gross provincial

product)across30provincesinmainlandofChinafortheperiod1978to2000.Section

2measurestheextentofreal-incomedisparitiesbetweenreglOnStOPreSenthowthese

have changed since1978.In thethird section,the estimation to test"classical"

COnVergenCehypothesisise恥ctedthroughanon-1inearLeastSquaresprocedure.In

section4,a unit-rOOtteStOftime series modelis applied to speculate on structural

ChangesinreglOnalgrowthtrendsinordertoglVe aPOSSible rationalizationforthe

observedconvergenceinregionalgrowth.Section5containsconcludingremarksand

hintsatsomefurtherproblemstobeinvestigated.

2.EstablishingtheBasicFactsaboutRegionalGrowthandItsDispersion

The estimates of Tablelmerge three kinds ofinformation relative to

30-PrOVincesamplefrom1978to2000,thatis,fortheperiodof"economicreform"in

China3.Thesearel)realGPPp.c(percapitaGrossProvincialProductin2000prices),

2)theaverageannualgrowthrateofGPPp.c.,and3)RegionalDisparityIndex(RDI),

thatis,theratioofrealpercapitagrossproductofeachprovince(realGPPp.c.)tothat

ofthewholenation(realGDPp.c.)4.

In order to払cilitate the analysis,30provinces within China are here

distinguishedintothreegroups.4provinceswiththehighestincomelevelin1978and

decreasingtrendofRDIfrom1978to2000are placedin theTraditionalAdvanced

Regions(TARs)group.TherestisgroupedbytheregionalpatternofRDIchange,With

5increasing patternand21decreasing or roughly constantpattern.This produces

New Advanced Regions(NARs)group andLess Developed Regions(LDRs)group.

Figurelgives a representative picture ofcomparative growthperformance among

thesethreeregionalgroupsinthetermofRDI.

"poor"regionswithinChina.
3ThesourcesofdatausedarepresentedintheStatisticsResources

4Itmeasuresthemultipleofanyprovincialaverageincometonationallevelinthe

logarithmicscale.SeeOhtomo(1992),PP66.
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Figure2presentsthetrendofthestandarddeviationdistributionofGPPp･C･

forvariousregionswithinthewholeofthecountryandwithinevery-tWOgrOupSfrom

1978to2000.Threekindsofdistributioncanbeobserved.First,adecreasingtrendof

"slgma"from1978to1989,turningtoincreasingtrendin1990,isshownwithinthe

nationalscale.Almostthe
same trend patternisfoundfor regions within"TARs+

LDRs"scale.Second,aPOSitivetrendof"slgma"isobservedatthebeginningof1980,

turningstrongerafter1991,Withinthe"NARs+LDRs"scale･Last,aStrOngreduction

of"slgma"within"TARs+NARs"scalefrom1978to2000indicatesthatNARsare

"catching-up WithTARsbyclosingthegap･

Thefo1lowingfactsemergefromtheevidenceofTablel,FigurelandFigure

2.

1)Therewasasubstantialincreaseinrealincomeinallregionsduringtheperiod

1978to2000,bywhichahighrateofgrowthinChinahasbeenmaintained.

2)The30provincescanbedividedintothreegroupsbysomedegreeofhomogeneity

一〉こ盲二二ttニュ土こ三&lLミニ宕軍nelevelandgrowthperformancepattern.TARshavehad

thehighestincomebutlowerannualgrowthratecomparingwiththe national

levelover time5.NARs have taken the hstest growth and achieved the

SeCOnd･highestlevelofincomeattheendofourstudyperiod.LDRsstillkeptthe

lowestincomelevelattheendofstudyperiod,Whicharenotverydiflbrentfrom

thatofTARs20yearsago.

3)The pace ofregionalgrowthover20yearshasnotbeen steady.The annual

growthratesintheseregionsvariedconsiderably;SOthatthedisparitybetween

thehighest-andlowest･rateOfgrowthfrom1978to2000isabovetwofo1d.The

acceleration was most markedin NARs andleast soin TARs･This growth

Patternhastightenedinallregionalgroupsin1990's.

4)There was a good dealof"catch-up"among some regions,Within anational

frameworkof"divergence"･Aweakreductionoftheinter-regionincomespreadat

thenationalscalefrom1978to1987wasobserved,butitturnedtoa"divergence"

trend since1990･The wideningin the spread was seemingly due to the

disappointing performance of LDRs.The gap between TARs and NARs was

Signincantlyreducedover1978to2000.

5)Thewithin-grOuPhomogeneityoftheperformancesuggeststhattheregionsin

5Shanghai,Beijing,TiapjinandLiaoning,inrealGPPp.c.term,arerankedlst,2nd,
3rd,and4thin1978andlst,2nd,3rd,and8thin2000respectively.Buttheannual

growthratesofGPPp.c.between1978and2000arethe19th!20th,21st,and23rdin

30-prOVincesamplerespectively.SeeTablel.
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each group had commoninstitutionaland/or policy characteristics that

distinguishedthemfromthemembersoftheothergroups.

3."ClassicApproach"toRegionalPatternOfConvergence

Twomeasuresofconvergenceareusedinthissection,andbotharemembers

of"Classical"convergence approach(Sala-I-Martin,1996b).The first measureis a

Simpleregressionofaveragegrowthrateofrealgrosspercapitaproductinanyregion

OfChinaovertime.Anegative coencientassociatedwiththeinitialincomelevelsof

regionindicatesthatpoorerregionwithlowerinitialincomeis"catchingup"byhigher

growth rate withrich reglOn Which started by higherinitialincome.It can be

measuredinabsoluteorconditionalterms,de丘nedasfo1lowsinthispaper.

For thefundamentaldiffbrentialequation of t,he neoclassic modelinthe

neighborhood ofthe steady state(see
Barro and Sala-I-Martin(1995)),Eq.(1)is

modinedtoexaminethereglOnalabsolute"betaconvergence",

(γり-γi,｡)/J=α-[(1-e~β)/Jレf,｡+〟i (1)

WhereyitandyiOaredenotedasintermsoflogarithmofrealgrosspercapitaproductof

PrOVinceiin years t and O respectively as the empirica11iterature has generally

focusedon,uitisastochasticerrorwiththeusualcharacteristics,andβisthespeedof

COnVergenCe6.Theregional"betaconvergence"isequatedwithapositivevalueofβ,

treatingβ≦Oasthenoconvergencenullhypothesis.

Anequationoftheform,

(γリーγi,｡)//=α-[(トビ~β)/砂f,｡+材f+〝i (2)

ismodi丘edtoincludeasetofcontroIvariablesXiforprovincei.Apositive β means

regionaleconomies
can converge to diffbrentlong･run equilibria depending on

COnditions,thatholdsconditionalontwosetsofexogenoushctorsinthispaper.When

XiincludesreglOnallevelofsecondaryschoolingandindustrialstructureintheinitial

year,regionaldummy variables.thatis,tO eXamine the regional"conditionalbeta

COnVergenCe"Obeying a version ofthe Solow growth modelwhere economies can

COnVergetOdifhentTheother,aSetOfproxyvariablesstandforthesteadystateof

provincei,includes regionalNon-Stated Ownership Enterprises(NSOE)output,

foreign directinvestment(FDI),eXPOrt,local鮎calexpenditure andinter･regional

transfer.

6β=(1-α)(∂+n+x)withαbeingtheexponentofcapitalinaCobb-Douglasfunction,
6 thecapitaldepreciationrate,nthepopulationgrowthandxtherateof

technologlCalchange.
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The second measureisbased
on the trendofstandard deviation distribution

ofinter-regionaloutput over time named"slgma COnVergenCe".The existence of

equalityis possible as reglOnS have reached their steady states,and"slgma

convergence"isindicatedwhenthecoencientdeclinesovertime.

J(り=α+作+仏 (3)

Ttisnotedrespecttotimetrend.Theexistenceofsigmaconvergenceisshownas γ

<07.

Thetestto"betaconvergence"(1)and(2),iseflbctedwithnon･linearleast

square estimation procedure and the test to"sigma convergence"(3)with
GLS

procedure8.

In Table2,it can be observed that betais significantin Reg.1without,

conditioning.But the coencient of determinationis toolow(R2=0.077)for the

regressionmodelto丘tthedata.Inthiscase,because deviationsofyiOfromitsmean

almostdonottranslateintodiffbrentestimatedvaluesfortheaverageannualgrowth

rate(1eftsideofregressionequation(1)),yiOhaslowerexplanatorypowerinsupportof

theabsolutebetaconvergencehypothesis9.

Whenincludingthe regionaldummies(Rland R2),uSed to distinguish30

PrOVincesintothreereglOnalgroupsmentionedinsection,aPOSitive and signi丘cant

betaisobtained,aSWithforcoemcientscorrespondingto dummyvariablesinReg.2.

Besides,the quality ofthe regressionimproves considerably,WithR2growing from

O.077to O.356;the t statistic corresponding to theinitialper capita product also

When the rates of enrollmentin secondary education to regional

population(ER)in1982are takenin Reg.3,the R2grows to O.363,the t statistics

COrreSPOnding to these variables are signiB_Cant.In order to detect random shocks

Whichmaybecorrelatedwiththeinitialincomelevels,thusbiasingthebetaestimator,

7Sala.I.Martin(1996a,96b)proYeSthebetaconvergenceisanecessarybutnot
SumCientconditionforthevarlanCeOfreglOnalincomedistributiontoshowa

negativetrend.Forthisreason,Sigmaconvergenceisusedtogetherwithbeta

convergencein"classicalapproach".Sigmaconvergenceexistswhen u(t+1)<cT(t),

u(t)beingthestandarddeviationofapercapitaGPP(GrossProvincialProducts)
betweenregionsatmomentt.

8Thederivativesoftheregressionequation(1)or(2)withrespecttotheparameters
dependuponparameters,thatis,themodelof(1)and(2)isnonlinearinparameters.

SeeGreen(1997),Pp451
9Itisalsonecessarytopayattentiontothespeedofconvergence.Itisestimatedat

aboutl%peryearthatmeansthegapisclosedin70yearsifpercapitaincomeof

richerregionistwiceasmuchasthatofpoorerregion.
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thefractionofproductsoriginatingfromagriculturalandindustryintheinitialyear

everyregion(NYland NY2)isaddedlOinReg.4.Justasin mostofthe"Classical"

COnVergenCeliterature,theestimatedbetainReg.2toReg.4isaroundO.02,Whichis

consistent withthe neoclassical"uniformity"(Barro and
Sala-I-Martin,1991,1992,

Sala-I-Martin,1996a,b).

Furthermore,theinfluenceonspeedofconditionalconvergence,Whichcan

related to Non-State Ownership Enterprises(NSOE)output,foreign direct

investment,eXPOrt,localgovernment expenditure andinterreglOnaltransfer,is

estimatedbyReg.5toReg.10.GPPpercapita showstendencyforconvergencewith

highlevelofsignificance.ThesharesofNSOEoutputinGPIミtherateofFDItoGPIミ

thelevelofregionalexportp.c.andinterregionaltransfer(i.e.,difhrencebetweenlabor

productivity and realwages)are contributing to raise
GPP per capita.Itis also

Observed that the rate oflocalgovernment expenditure to GPP has been playing

diffbrentrolesintheprocessofregionalgrowth.

The estimation procedure(3)has
been testedthrough withlinearleast

SquareSregreSSions,tOnndwhethersigmaconvergenceisexistentwithinandbetween

regionalgroupsornot,focusingdirectlyonthe transience orpermanence change of

regionaloutputdiffbrences.Asshownintable3,theexistenceofsigmaconvergenceis

OnlyobservedbetweenTARsandNARswithahighersignincantleveloversub-period

Of1978-89and1989-97,andthe wholeperiodof1978-97.Itis showingadivergence

tendencyforregionsasawholeinthecountry,duetotheperformanceofLDRsduring

1989to1997.The nullhypothesis ofin-eXistence of sigma convergence can not be

rejectedforthewholeofcountryduringourstudyperiod.

Thus,empiricalevidence obtained from estimationisin 払vor of the

COnditionalbeta convergence hypothesis and agalnStthe absolute beta convergence

hypothesisandthesigmaconvergencehypothesis.Diftbrentfromthepredictionofthe

neoclassicalgrowthmodel,bywhichBarro(1991),BarroandSala十Martin(1991,1992),

Sala-I･Martin(1996a,1996b)holdthatrelatively homogeneous economies asregions

Withinacountrytendtoshowallthreetypesofconvergence,theevidenceshowsthat

regionaleconomiesdonotpresentabsolutebeta convergence nor sigmaconvergence

butpresentconvergence with diffbrent structuralfbatures consideredin thispaper.

The policies with respect to Non-State Ownership Enterprises,Foreign Direct

Investment,Export,localgovernmentexpenditureandinter-regionaltransfer,Which

10ItcanbeobservedthatAdjustedR2risesbyaddingvariablestothemodel,that

means,thecontributionofthenewvariablesaddsmoretothe丘toftheregression

thanitisoffgettingthecorrectionforthelossofadditionaldegreesoffreedom.
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are provided with regionally heterogeneous characteristics,are Seemly powerfu1

enough toinfluence economic structurein regions,SO aS tOinfluence their growth

PatternSll.

In order togive a possible explanation about conditionalconvergencein

regionaldisparityrelated tothe di鮎rentialstructural鈷atures amongregions,tWO

de丘nitions of convergence proposed by Bernard and Durlauf(1996,pP165)are

employedinthenextsection.

4･TheTimeSeriesTbstfortheConvergenceHypothesisinRegionalDevelopment

The丘rst de丘nitionis 伽叩Ce aS CatChing!JP12.The existence of

COnVergenCeimplies thatthe diffbrencesbetween thelevelsofper capita outputof

diffbrent economies are expected to decreasein value.The second dennitionis

Cbm*3.Thelong term

forecastforthesediffbrencestendstozero,aSthehorizongrowslarger･Continuing

their analysis,Bernard and Durlaufhold nrstlythatthe existence ofconvergence

accordingtothelaterimpliestheexistenceofconvergenceinthesenseoftheformer,

butnotthereverse,andsecondlythattheexistenceofbetaconvergence,althoughitis

COnSistentwiththeformer,iscompatiblewithmodelswhichviolatethelater.

Besides,if any shock withinde丘nitelylong effbcts occurredin some

region/regionsinthe process ofdevelopment,the diffbrentialofper capita output

betweenthisreglOn/theseregionsandanyotherreglOnSbecome tocontaineither a

deterministicorunit-rOOtCOmpOnent･Inthiscase,thesecondde丘nitionofconvergence

isviolated･Henceatestconsistentwithtwodennitionsappears-Thenon-COnVergenCe

hypothesis can be evaluated by the existence of unit･rOOtin the series of the

diftbrentialbetweenthepercapitaoutputofrelatedregionsandthatofthenation.In

particular,aPPlyingtheAugmentedDickey-Fullertest(ADF)tothe difkrences,the

non-COnVergenCehypothesisisrejectedifthenu11hypothesisoftheexistenceofunit

11Itisobservedthatinterregionaltranslbr,FDIandexportarecontributingtoraise
thepercapitaoutputinmanuhcturersector,andpercapitaproductinservicesector

inregionpofChinaover1978to1997(seeArayamaandAn(2000))･
12EconomleSiandjconvergebetweendatestandt+Tifthepercapitaproduct
disparityattisexpectedtodecreaseinvalueasfo1lowing:Ifyi,t>yj,t,then

E(yi,t+T-yj,t+TfXt)<yi,t･yj,t,WhereXtdenotesalltheinformationavailableatmomentt.

SeeBernardandDurlauf(1996),pp165.

13As1imk→∞E(yi,t･k-yj,t･klXt)=0,eCOnOmiesiandjconvergeifthelong-termforecastsof

PerCapitaproductforbotheconomiesareequalatanxedtimet.Bernardand

Durlauf(1996),PP165.
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rootcanberejected14.

Itissupposedthereisanequilibriumdiffbrentia]foreachregionbetweenits

percapitaproductandthatofthenation(inlogs).Inthisway:

(γ≠′-γ.∫)=(ガーγ,e)+∫fi∫ (4)

Whereleft-Sideisthediftbrentialofpercapitaproductbetweenregioniandthatofthe

nationinmomentt,right-Sideistheequilibriumdiffbrentialwithdeviationswhichare

formedbyadeterministiclineartrendandastochasticprocessasfo1lowing.

〟′′=VfO+βノ+vノー (5)

WhereviOistheoriginaldeviationofregioniwithrespecttoitsequilibriumdifhrential.

βiisthespeedofconvergenceanditispossiblethatthediffbrentialeconomiespresent

diflbrentratesofconvergence.vitarethedeviationswithrespecttoitsdeterministic

trendatmomentt.Replacingin:

(γ′′-γ.r)=(γアーγ.e)+γf｡+AJ+vf′ (6)

Thehypothesisoftheexistenceofbetaconvergenceinthecross･SeCtiontestimplies

thatifviO>0,thenβi<0,andviceversa,Whichmeansthatifaregionisinitia11yabove

itsequilibriumdi鮎rentialitmustlatergrowlessthanthenationtoreturntoit,While

theoppositemusthappenifitisinitiallybelowitsequilibriumdiffbrential.

Inorderfortheexistenceofconvergence,thesedeviationsmustconstitutea

Stationarystochasticprocess.ModelingvitaSanARMA(1,0)process:

(1-Aエ)vノー=e∫∫ (7)

WhereListhelagoperator,Piisthecoemcientofthelaggedvit,andeitisarandom

Shockwithoutautocorrelation.Substituting(7)in(6),andrearrangingterms,

みfr=隼十恒･βfれ▼.･∑df刑△れ_椚･eメ′

血カ `れ=γf′-γ.fみア=γデーγ.e

△み′r=み′r-み出

α∫=(1-β′)(みア+V川)+βfβ′

占メ=(トA)β′

(8)

Where ai,bi,Piand dim are ParameterS.The k extra regressors are addedin the

14Includingthepresumptionthat,ifthereisastructuralchange,itsdateisnotknown

aprioributratherisgleanedfromthedata,ZivotandAndrews(1992)developeda
unit-rOOtteStingprocedureconcerningthedynamicpropertiesofmacroeconomic

timeseries.Accordingly,UtreraandKoroch(1998)developsthemodelthatcombines
thedennitionofbetaconvergenceinthecross-SeCtiontestwiththeelementsoftime

Series･ThesameanalytlCalmethodsareappliedinthispapertpodeveloptheempirical

model.
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precedingregressionstoeliminatepossible nuisance-parameter dependenciesinthe

limit distributions ofthe test statistics cause(1by temporaldependencein the

disturbance.Thenumberkofextraregressorsisdeterminedbytestoftheslgnincance

oftheestimatedcoemcientsdim.ContemplatingARMA(p,q)processeswithp andq

valueslargerthanlandOrespectively,equation(8)canbeusedtorealpercapita

grossproductforregionsinChina･

Theexistenceofconveh

血impliesthatdyitisastationaryserieswithpi<1.Otherwise,if pi=1,thevariance

ofdyitincreases steadily with time and goes toinnnityby which the existence of

convergenceis rejected,andif pl>1,the seriesis･Therefore!the hypothesis of

convergence(inthe senseofdennition2)canbe evaluatedby testingwhetherthe

absolutevalueof piisstrictlylessthanone.TheADFtesttakestheunitrootasthe

nullhypothesis:pi=1.Sinceexplosive seriesdonotmakemucheconomic sense,this

nullhypothesisistestedagalnSttheone-Sidedalternative:pi<1･Thetestiscarriedout

byestimatinganequationwithdyit-1Subtractedfrombothsidesoftheequation(8)‥

△みf′=α′･占ノ隼れ_1･∑d′椚△れ_川･e∫r

W油 c∫=-(1-β′)

wherethenullandalternativehypothesesareci=Oandci<0.Ifalternativehypothesis

isaccepted,(dyit)isillustratedasastationaryseries,theexistenceofconvergencecan

notberejected.Ifnullhypothesisisaccepted,(dyit)isanonstationaryseries.Inother

words,iftheprocessisstartedatsomepoint,thevarianceof(dyit)increasessteadily

withtimeandgoestoinnnity.

Intable4,itpresentsthatthe unit-rOOthypothesiscan be rejectedin ten

casesatasignincancelevelof5%orless,andtwocasesatlO%.TheyareBeijing(5%),

Tianjin(10%)andSnanghai(1%)belongingtoTARsgroup,Zhejiang(5%),Fujian(5%),

Shandong(10%)andGuangdong(1%)belongingtoNARsgroup,andHeilongjiang(5%),

Anhui(5%),Guangxi(5%),Sichuan(5%)and Shanxi(1%)belonging to LDRs group.

Hence,thenon-COnVergenCehypothesiscanberejectedforregionsmentionedabove.

These丘ndings are consistent with the previous results
on existence of

convergence,including regionaldummy variablesin which the members ofTARs

groupandNARsgrouparedistinguishedfromthemembersofLDRsgroupinformer

section.Actually,theexistenceofunitrootinthemostregionsofTARsandNARs(that

is,30f4regionsin TARs,40f5regionsin NARs)is rejected by the Augment
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Dickey-Fullertest.

Thesenndingsprovideonepossibleexplanationforthereasonwhyonlythe

COnditionalconvergence of regionaldisparity can be observedin China,after her

introducing the open-market policies.Although a convergence trend among some

regions(mostofthembelongtoTARsandNARs)isobserved,fornationalframework

non-COnVergenCe Can nOt be rejected,With our unit rootinthe series of output

diffbrencesinother18regions(inwhich16regionsbelongtoLDRs).Itisclearthat

theseregionshavecontributedtothe"divergence"oftheregionaldisparityineconomic

growth.

5.Conclusions

Inthispaper,Idevelopawaytodivide30sample-PrOVincesintothreegroups,

namedTraditionalDevelopedRegionsgroup■(TARs),NewDevelopedRegionsgroup

(NARs),andLessDevelopedRegionsgroup(LDRs).Thispartitionismotivatedbythe

払ctthatreglOnSineachgroup have some degreeofhomogeneity,i.e.,initialincome

level,thepaceofgrowth,theregionalpatternofconvergence,OVer1978to1997.The

TARs group with the highestincomelevels has shown alower annualgrowth rate

COmParing with the nationallevelover time.The NARs group has registered the

hstestgrowth and achieved the second-highestlevelofincome atthe end ofstudy

period.LDRs have thelowest,incomelevel,Whichisnotvery diftbrentfrom thatof

TARs20yearsago.

Theresultsof"classical"testtoconvergencehypothesisacross30provincesof

Chinashowthatregionsdonotpresentneitherabsolutebetaconvergencenorsigma

COnVergenCe but do present conditionalconvergence.The empiricalevidence

illustratedtheimpactofpolicies,With respectto Non-State Ownership Enterprises,

ForeignDirectInvestment,Export,localgovernmentexpenditure
andinter-regional

trans鈷r as払ctorsinfluencing economic performance of regions with regionally

heterogeneouscharacteristics.

The existence of conditionalconvergence can be explained by the

non-COnVergenCetrendoftheLDRsgroup.Theempiricalanalysisfortheexistenceof

unit-rOOtSin deterministic trend constitutes evidence against the existence of

COnVergenCein18provinces,Of which16provinces belong to LDRs group.Itis

indicatedthegrowthperformanceofLDRsgroupcontributedtothe"divergence"with

respecttothecountryasawhole.Inconclusion,WemaySaytherewasagooddealof

"catch-uP"betweenTARsandNARswithinanationalframeworkof"divergence",due
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tothegrowthperformanceinLDRsovertime.

Therearesomefurthertasksthatshouldbedoneinthisareaofinvestigation

forthecaseofChina.Thepowerofourtestinhvoroftheregionalstructuralchangeis

probablylowforthesmallsizeofthetimeseriesusedinthispaper.
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TablelEconomicGrowthand RegionalDisparityinChinafrom1978to2000

realGPPp.c.(yuan) GrowthRate(%) RegionalDisparityIndex

1978 2000 1978-8989-200078-2000 1978 2000

Nationalleve[ 1258 7063 7.9 9.2 8.2 100 100

17936(2) 7.3 8.8 7.6(22) 283 254

16377(3) 6.3 10.3 7.8(19) 248 232

7.6(23) 174 156

7.5(24) 441 385

■■■■ ■■~~~~~~
11.2(3) 89 163

12.0(1) 84 183

11.5(2) 82 160

10.5(5) 83 133

10.9(4) 91 158

8･59･6一13･114･214･213･2廿87･56･4一10･5…10･29･11‖

Beuing 3564(2)

Tiaruln 3121(3)

Liaonlng 2191(4)

Shanghai 5545(1)

Jiangsu l126(12)

ZhQjiang lO58(15)

Fし山an lO29(18)

11017(8)

27187(1)
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lnnerMongoliar 989(20)

Jilin l131(11)

HeilongJlang 2108(5)

Anhui 701(29)

Jiangx1 738(28)

Henan 778(27)

Hubei lO34(17)

Hunan lO80(13)

Guangxi 883(22)

Hainan 953(21)
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8.4(13)

6.7(28)

9.4(6)

8.9(11)

9.3(7)

9.1(9)

7.9(18)

7.8(20)

9.2(8)

8.3(14)

7.6(21)

7.9(17)

7.0(27)

8.1(16)

7.2(26)

5.5(30)

6.7(29)

8.1(15)

Data source:StatisticalResources

Note:1.RealGPPp.c.presentstherealpercapitaGrossProvincialProductin2000prices･

2.RegionalDisparity(ndexistheratioof realGPPp･C･tOrealGDPp･C･･

3.Thenumberinhigh-loworderof30provincesisprovidedinparetheses･
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TabJe2ResultsoftheCross-Setion RegressionsofBetaConvergence

RI R2 ER NYI NY2 SNSOE SFDI LEX SFE TR R

Reg.10.014***

(9.48)

Reg.2 0.020*** 0.020*** 0.031***

(15.26) (7.48) (14.98)

Reg.3 0.021*** 0.014*** 0.032*** 0.032***

(15.89) (3.56) (15.18) (2.61)

Reg.4 0.019*** 0.021*** 0.035*** 0.102*** 0.088***-0.006

(14.38) (5.72) (17.25) (6.82) (3.86) (-0.25)

Reg.5 0.018***

(15.52)

Reg.6 0.018***

(13.81)

Reg.7 0.023***

(19.19)

Reg.8 0.015***

(10.59)

Reg.9 0.022***

(15.91)

Reg.1C O.024***

(21.00)

0.002 ***

(13.98)

0.002 ***

(8.34)

0.009 ***

(13.29)

ー0.001***

0.077 0.076 0.022

0.356 0.352 0.018

0.363 0.359 0.018

0.439 0.433 0.017

0.312 0.309 0.019

0.188 0.186 0.02

0,289 0.286 0.019

0.138 0.135 0.021

(-6.33)

0.019 *** 0.175 0.172 0.021

(8.23)

0.001*** 0.001** 0.001 -0.0002 0.009*** 0.433 0.427 0.017

(5.65) (2.23) (0.88) (-1.12) (3.11)

Note:

1.Theresultswereobtainedestimating.RegressionlforabsoluteβconvergenceandRegressions2-10fbrconditionalβconvergence,bymeansofNon-1jnearLeastSquares･

2.RlandR2areusedfordifFerentiatingthreeregionalgroupsfromeachotherasshowingasRl=1,R2=OforTARs,Rl=0,R2=1forNARs,andRl=R2=OforLDRs･

3.ERistherateofenrolmentinsecondarYeducationtoreg10naIpopuIationin1982.

4,NYlandNY2arethefractionofproductsoriginatingfromAgricu[tureandIndustryrespectively[n1978.

5.SNSOEistheanuua[averagefractionofproductsoriginatingfromNon-StateOWnerShjpenterprisesover1978to1997.

6.SFDIpresentstheaveragerateofForeign DirectInvestmenttoRealGrossProvinciaIProductannuallyf(om1990to1997.

7LEXisdenotedfortheannualaverageofregiona嘉exportsp.c.inlogsfrom1992to1997.

8.SFEistheannualaveragerateoflocaIgovernmentexpendituretoGPPover1978-1997.

9.TRistheaveragedifFerentialbetweenlaborproductivityandwage(inlogs)of30provincesfrom78to90inordertopresenttheinter-regionincometranfer･

10.TibetisnotincIudedinregressjon8fornoavailabJedataofSFDlinit.

11.tstatisticisprovidedinparenthesesundereachestimatedparameter.SignificantleveJisindicatedby***=1%.**=5%,and*=10%.



TabJe3Regressionofstandardvarianceinter-regiontotimetrend

78-97 78-89 89-97

trend tst. R2 trend tst. R2 trend tst. R2

TARs(l)+NARs(2)-0.016 -45.0*** 0.991-0.016 -24.2*** 0.983
-0.017 -13.8*** 0.965

NARs+LDRs(3)0.00810.2*** 0,853 0.003 4.0*** 0.6110.01412.7*** 0.959

nationalscale O.001 1.6 0.124 -0.003 -4,6*** 0.678 0.006 8.9*** 0.919

Note:

1･TARs(TradjtionalAdvancedRegions)groupincu)dingBeuing,TiarUin,LjaoningandShanghai.

2,NARs(NewAdvancedRegions)groupincludingJiangsu,Zhqjiang,Fしdian,ShandongandGuangdong.

3.LDRs(LessDeveIopedRegions)groupincludingHebeiandHainaninEasternofChina,

Shanxi,InnerMongo[ia,Jilin,HeiJongjiang,Anhui,Jjangxi,Henan,Hubei,HunanandGuangxiincentraJ,

Sichuan,Guizhou,Yunnan,Tibet,Shaanxi,Gansu,Qinghai,NingxiaandXjrtiiangjnwestern.

4.SignificantleveJat:*=10%,**=5%.***=1%



Table4Resu[tsoftheADFtestforregionalconvergenceinChinacase

Province2 k3 constant tst. Trend tst. dy

TARsgroup

Beuing

Tiar扇in
Liaoning

Shanghai

NARsgroup

Jiangsu

Zhqiiang

FLLiian
Shandong

Guangdong

LDRsgroup

Hebei

Shanxi

InnerMongoLia

Jilin

HeilongJlang

Anhui

JiangxI

Henan

Hubei

Hunan

Guangxi

Hainan

Sichuan

Guizhou

Yunnan

Tibet

Shaanxi

Gansu

Qinghai

Ningxla

Xingiiang

1 1.303 3.7

6 1.153 3.2

3 0.2 1.8

7 5.884 5.14

6 0.046 1.1

7
-0.727 -4.1

1
-0.006 -0.35

7
-1.04 -3.6

7
-0.243 -12

5
-0.101 -3

0
-0.004 -0.2

0 -0.022 -0.9
0 0.007 0.4

1 0.288 4.1

5 -0.588 -4.9
7

-0.04 -0.8
4
-0.478 -2.6

7 0.098 -5.6

6 -0.066 -0.8
5 -0.47 -4.7

1
-0.146 -2

1
-0.382 -4.2

6
-0.228 -1.5

1
-0.297 -2.9

5 0.167 0.7

7
-1.176 -6.1

-0.007 -3.1 -1.073 -3.73**4

-0.01 -1.8 -0.988 -3.47*

-0.002 -2.7 -0.346 -1.65

-0.021 -3.2 -3.123 -5.25***

-0.059 -0.9 2.746 0.96

0.115 4.3
-3.786 -4.16**

0.003 2.3 -1 -4.34**

0.062 3.8 -3.85 -3.55*

0.035 12.5 -0.967 -20.57***

0.015 3.8 0.468 2.26

-0.005 -1.8 -0.442 -2.12

-0.001 -1 -0.293 -1.8

0.001 0.8 -0.575 -2.54

-0.015 -4.1 -0.677 -4.3**

-0.001 -0.4 -1.557 -4.78**

0.026 5.8 0.955 4.08

0.003 1.3 -1.117 -2.48

0.004 3 -0.856 -3.26

0.005 0.8 0.028 0.07

-0.002 -0.7 -0.761 -4.32**

-0.11 1.9 -0.486 -2.55

-0.003 -2.4 -1.111 -4.09**

-0.026 -2.8 -0.641 -2.78

-0.001 -0.8 -0.586 -3.09

-0.022 -0.9 -0.783 -1.32

-0.007 -3 -4.34 -6.28***
7
-0.226 -1.9 -0.008 -2.6 -1.454 -2.76

2 0.041 1.4 -0.011 -2.1 -0.374 -2.16

0
-0.013 -0.8 -0.004 -1.5 -0.304 -1.7

0 -9.1E-05 -0.004 -0.001 -0.5 -0.169++++-1.06

Note:

1.TheresuItswereobtainedbycompletingAugmentedDickey-Fu=ertest･Theinvestagedvariable

isdifferentialofreaIgrosspercapitaproduct(inlogs)betweenGPPp･C･andGDPp･C･0Ver1978-97･

2.ResultsoftheADFtestconsistofregionaltimeseriesfortheperiod1978-97andincludes30

PrOVinces.

3.K,thenumberoflagsintheADFtest,WaSChosenfollowingPerron(1989,1990)andZivotand

Andrews(1992)procedure(tsetthenumberofitstartingfromamaximumof7)･

4.Mackinnoncriticalva]ueforrqjectionofhypothesisofaunitroot:*=10%,**=5%,***=1%
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FigurelEvoIutionofRD=n eachgourpf(om1978to2000

(national[eve]=100)

1978197919801981198219831984198519861987198819891990199119921993199419951996 199719981999 2000

Note:RD],theRegionalDisparitylndex,istheratioofrealpercapitagrossproductofeachgrouptothatofnation.



Figure2EvoIutionoftheStandardDeviationDistributionofGPPp･C.inlogs

Within atwo-grOuP SCOPe

1978197919801981198219831984198519861987198819891990199119921993199419951996199719981999 2000
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