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Abstract  

This thesisaddresses three currentissues on agriculture：reglOnalproductivity，   

COnVergenCeinproductivity，andpoliciestoincreasethegrowthinproductivity・We■uSe   

twodi蝕rentdatasetstoestimatethepatternOfproductivitygrowthinagricultureacross   

districts，long－runmOVementinthereglOnalproductivitydifftrences，andcausallinkages   

betweenproductivityandcapitalinvestment．OncewefbundthatreglOnalinequalities   

PreVailsinagricultureacross districts，thenwestudiestocheckeitherconvergenceor   

divergenceoccursinproductivityinthelong－run．Further，WeeXaminesonthepossible   

reasonsofproductivitydecliningandattempttoexplaiIIWhatpolicieswesholユ1dadoptto   

increaseproductivitygrowth．  

Chapter2estimatesthe Malmquistproductivityindex，teChnicalchangeindex，   

andtechmicalefficiencychangeindex・Thesearereporte’dfbramultipleoutput－multiple   

lnPutPrOductiontechnologyfbrBangladeshagricultureatthedistrictlevel缶・Om1979to   

1999byuslngnOn－Parametric approach・This chapterfurther attempts toident坤the   

mostandleasttechnologicallydeveloped，andinnovativedistricts・Thisstudyfindsthat   

the modern technology has helpedinincreaslng the productivity whichislargely   

COntributedby the growthintechnicalchange，and wefurther failed toidentify any   

district as the soleinnovator who contributed to shift the丘ontierin Bangladesh   

agriculture・Theresultssuggestthattheknowledgeonthetechnologyhas∫10tbeenspread   

equallyamonga11thedistrictsinBangladesh  

Extending the previous analysisin Chapter 3，We addresses theissue of   

COnVergenCeinagriculturalproductivityamongdistrictsinBangladesh．Weemployed  
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CrOSS－SeCtionconvergencetests，βando■convergenCe，andpanelunitrootconvergence   

test・Theestimatedcoe班cientoftheimitialproductivitylevelisnegativeandsignificant   

inβconvergencetestindicatingconvergenceinagriculturalproductivity・Theresultof   

q convergencetestshowsthattherehasbeenadecreaseinthecross－districtsdisperSion   

Ofproductivityinagricultureovertheentiretimeperiod・Thepanelunitroottestfurther   

SuPPOrt the conventionaltest，and therefbre，We may COnClude that disperSion of   

PrOductivityisstationaryprovidingstrongevidencethatthedistrictsdoexhibitlong⊥run   

COnVergenCe・  

We analyze an equa11ylmPOrtantissue on how toimprove the agricultural   

PrOductivitygrowthwhichisdiscussedinChapter4・Asvariousliteraturesuggestthat   

PrOductivitygrowthisassociatedwithcapitalinvestment，and缶omthepolicyperspeCtive   

itisimportanttoknowhowandinwhichdirectionthecapitalinvestmentinnuencethe   

PrOductivity growth・Therefbre，Weinvestigate thelong－run relationship between   

PrOductivityandcapitalinvestmenttocon員rmthelearnlng－by－doingprocess・  

AlthoughwecannotignoretheimportanceofcapitalinagrlCulture，however，the   

dataoncapitalinBangladeshagricultureisnotavailable・AswediscussedinChapter2，   

intheabsenceofcapitaldatawechooseirrigationandfertilizerasaproxyofcapitalto   

estimateproductivityinBangladeshagriculture・Duetounavai1abilityofdataoncapital，   

WeCOnductedthisstudyonJapaneseagriculturetocheckthecausallinkagesbetween   

PrOductivityandcapital・Thefindingsinthischapterwi11directlyhelptotakeappropriate   

StePS tOimprove productivity growthinJq）aneSe agriculture，and these results will   

PrOvideaguidelinetothepolicymakersinBangladeshtoadoptthecorrectmeasuresto   

boosttheproductivity．  
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WeemploytheGrangercausalitytesttodeterminethecausalitybetweenthetwo   

Variables．Thisstudyalsoinvestigatesmovementsintotaloutput，tOtalinput，andTFPfor   

averagefarmsoffoursizeclassesfbrtheperiod1957－97・Weemploytheaggregation   

techniquetoestimatetotaloutputandtotalinput，andusealargepooledcross－SeCtionand   

timeseriesdataset・IthasbeenfbundthatbothTFPandcapitalinvestmenthadafairly   

highgrowth rate血om themid1950s to the early1970s，and thereafterit started   

declining・The result ofthis study shows thatthereis aslgn泊cant andpositive bi－   

directionalGrangercausalrelationshipbetweenTFPandcapitalinvestmentinJapanese   

agricultureoverthelongterm．  

Severalimportantpolices are drawn血om this studywhichare describedin   

Chapter5・Thisthesissupportsthepoliciestoaddress・thecauseofthedrasticfallin   

efficiencyinBangladeshagriculture，SuggeStSlargescalefarmlng，andanincreaseinthe   

VOlumeofcapitalinvestmentinordertoincreasetotaloutputandproductivity・  

Overall，theempiricalresultsofthisthesisisinlinewiththecontentionofthe   

Currentissues on agriculturalproductivity，and supportsthepoliciesfbrthebalanced   

reglOnalgrowthandoverallgrowthinproductivity・  
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Chapterl   

Introduction  

1．1 ⅠmitialComments  

A氏erintrod11Ction ofthe‘Green Revolution’technologythe agriculturalsector   

hascontributedsigmiBcantlyinthegrowthandstabilityinmostpartsofAsiafromthe   

late1960s．Eitherdirectlyorindirectlyithasservedthelivelihoodtoaslgmificantportion   

Ofthepopulation．  

However，the trends over thelast two decades show that the contribution of   

agriculturein the overallgrowth ofthe economyis declining・The reason fbr such   

declining might be because of severalfactors，SuCh as technologicalregression，gaP   

between the productive andless productive countries or reglOnS，less demand for   

agriculturalcommodities．  

Forthesustainabilityinagriculturalproduction，Weneedtohaveinfbrmationon   

therelativepositionofdifferentcountriesorreglOnSintermsofagriculturalprod11Ctivity，   

WeneedtoreducethereglOnaldisparitiesifany，anditisimportanttostudythecausal   

relationshipbetweenproductivityandthevariablesthatexplainproductivitygrowth・  

Thisthesisismadeupofthreeessaysthataddresstheaboveissues・InChapter2   

andChapter3，tOPicsrelatedtoreglOnalproductivitygrowth，andlong－runmOVementin   

the regional productivity differences are discussed in the context of Bangladesh 

agrlCulture・InChapter4，Wehave studiedtheJapaneseagriculturalproductivity，and   

investigatedthecausalrelationshipbetweenproductivityandcapitalinvestment・   



InSectionl・20fthischapter，WeOutlinethemotivationforthestudiesundertake   

inthisthesis．Sectionl．3summarizestheearlierstudiesrelatedtothisthesis．InSection   

l・4，Wediscussthemethodofanalysis，thensummarizeourresults，andhighlightthe   

COntributionofthisthesis・hSectionl・5，WeeXPlaintheorganizationofthethesis・  

1．2  Motivationn）rtheThesis  

TheagriculturalsectorinBangladeshisconsideredasthemostimportantsector   

Sinceitgeneratesincomeandprovidesemploymenttoalargerportionofthepopulation．   

Althoughthissectorcontinuesincontributingtotheeconomy，butitsshareisdecreaslng   

andthegrowthratehassloweddown．TbeothermaJOrCOnCernisreglOnalvariationsjn   

thegrowthofproduction．Thereisahighmagnitudeofdisparitiesbetweenthedistrictsin   

PrOductivitygrowth．  

Previousstudiesfbcusedontheaggregatednationalleveltomeasureproductivity，   

andaddressedtheissuesoncropdiversification，1inkinggrowthofproductivitytothe   

theory of production，and agriculturalextension policies．However，there were few   

attempts on the districtlevelproductivitymeasurement，andident坤ing the most（Or   

least）innovativeandefficientdistricts．1tshouldbementionedthattheinformationonthe   

relativepositionofthedistrictsis amusttoreducetheexistinglnequalityamongthe   

districtsandtosustainasteadygrowthinagriculture．  

Inthecontextoftheabovediscussion，therefbre，WearemOtivatedtostudythe   

PrOductivity ofthe different districts ofthe agriculturalsector ofBangladeshfbr the   

period1979－99，andattempttoidenti＆theleadingdistrictsintechnologlCalknowledge  

2   



and efhciency．In addition，this study tries to test tわ．e convergence or divergence of   

PrOductivityamongthedifferentagriculturaldistricts．  

Anotherpoint ofinterestin our studyis toimprove thelevelofagricultural   

PrOductivity growth，therefbre，We need to check thelong－run relationship between   

PrOductivityandthevariablesthatexplainproductivity．InBangladeshagriculture，ithas   

beenfoundthattheproductionoffbodgrainsincreased dueto anincreaseincapital   

ratherthananincreaseinlabor．¶1erefbre，WeCannOtignoretheimportanCeOfcapitalin   

agriculturalproductivity．FromthepolicyperSpeCtive，itisimportanttoknowhowandin   

Whichdirectionthevolumeofcapitalinvestmentwillleadtoproductivity・However，the   

timeseriesdatafbrcapitaluseinagriculturalproductionatdistrictlevelarenotavai1able・  

Literature onJapanese rice production suggest that the productivity growth   

associatedwithcapitalinvestmentinthelong－run．Acloserlookintheoveral1Japanese   

agriculture shows that the simultaneousincreaslng，and decreaslng Of both capital   

investment and productivity growth rates during thelast fo11r decades has raised a   

questiononthecausalrelationsbetweenthem．TherichdatasetonJapaneSeagriculture   

encouragesustostudytheinfluenceofcapitalontheovera11agriculturalproductivity・  

ThemotivationfbrthestudyonJapaneseagricultureistwofbld・Inonehand，this   

study will suggest what measures should the policy makers adopt to increase total 

PrOductivityinJapaneseagriculture．And，Ontheotherhand，thefindings血omthisstudy   

mayhelpasaguidelinetothepolicymakersinBangladeshtotakeappropriatestepsto   

boosttheproductivitygrowth．  

Aquestionmayarisewhethertheconditionunderwhichthecapitalinnuencesthe   

PrOductivitygrowthinJapaneseagriculturealsoappliestoBangladeshagriculture・Itis  
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true that the structuralenvironmentis difftrentin every country．Keeplng these   

differencesinmind，thereisalargevolumeofliteratureoninteトCOuntries’agricultural   

SeCtOr．Wehavealsofbundthatthe銭ndings，andsuggestionsofsuchstudiesareapplied   

tomanycountriesirrespectiveofthevolumeandstruCtureOftheeconomy・Therefbre，We   

areassuredthatsimilarlythefindingsinJapaneseagriculturewillalsohelptoacertain   

extenttoBangladeshagriculture．  

Acloserlookattheearlierstudiesintheseareasisnecessarytoputthisthesisinto   

PerSPeCtive・InthefbllowlngSectionl・3，WePrOVideanoverviewoftheexistingresearch   

relevanttothisthesis．  

1．3 Backgr㈹ndor仙ethesis  

One of the main objectives of this thesisis to estimate the agricultural   

productivity・Thus，inthe血stessayofthisstudy，WeuSethenon－Parametricapproachto   

estimatetheMalmquistproductivityindexinBangladeshagricultureatthedistrictlevel・   

Previous studies applied partialproductivity，T6rnqvist－Theilindex，Or traditional   

econometricapproachestoestimateproductivityataggregatednationallevel・Therehave   

beennumerousstudiesontheMalmquistproductivityanalysisfbrcross－COuntryOrinter－   

reglOnallevels・However，tOthebestofourknowledge，thereareveryfewstudiesthat   

haveconstructedproductivityindexesuslngthismoderntechniqueatdistrictlevelin   

Bangladesh．  

Further，therehasbeenno studytoidentifythemostinnovativeandtechmical   

e比cientdistrictsinBangladesh・Toevaluatethedistrictleveldisparities，WeattemPtedto  
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identi＆the districts which shifted the ffontier over time and played the role as   

innovators．  

Thefindingsinthefirstessayleadustotestconvergenceofproductivitytocheck   

ifthereisnarrowlngdownofproductivitygapsamongdistrictsoveracertainperiodof   

time・Alternatively，itdeterminesiflessdevelopeddistrictsarecatchinguptodeveloped   

districtsintermsofproductivity・Thisissueisdiscussedinthesecondessay・  

Unlikein many countries，there are very few studies on convergencein   

Bangladesh・TheissueonconvergenceisverycruCialinBangladeshcontext・Froma   

POlicyperspective，itisdesirabletoachieveapotentialreductioninreglOnalinequalityin   

agriculturalproductivityln thelong－run・For a balanced reglOnaldevelopment and   

SuStainabilityinagriculturalproduction，itisneededtoundertakestudiesonconvergence   

and take effective measures to reduce inequalities. 

Tocon蝕mthelearn1ng－by－doingprocesswhichpostulatethatalevelofteclmical   

knowledgeis approximated by an accumulatedlevelof the capital，and that the   

knowledge spi11s over an entire economy，and to checkin which direction capital   

influences the changesin productivity，We need to study thelinkages between   

PrOductivity and capital・Due to unavai1ability of data on capitalat districtlevelin   

Bangladesh，WeCOnductedthisstudyonJapaneseagriculture．Thisissueisdiscussedin   

thethirdessay．  

Previous studies onJapanese agriculture discussed the estimation and   

decompositionsofproductivity，biasedtechnologicalchange，factordemandinpostwar   

agriculture，etC・However，theyfailedtoaddressthecausallinkagesbetweenproductivity   

andthevariablesthatexplainproductivity，mainlycapitalinvestment・  
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Tosumup，thisthesisattempttomeasurethereg10nalproductivitygrowth，teSt   

COnVergenCeOfproductivityamongdistricts，andprovidesaguidelineonwhatshouldbe   

theappropriatemeasurestoincreasetheproductivitygrowth・  

Inthenextsection，WeeXPlainthe放ameworkforanalysistoempiricallyestimate   

agriculturalproductivity，COnVergenCe，andcausalitybetweenproductivityand capital   

investment．  

1．4 AnalyticalProcedureintIleThesis  

Inthelightoftheabovediscussion，here，Wefbrmulateourresearchplanbelow・   

The topics for the discussion are of currentinterest and relevance to agricultural   

PrOductivity．  

1．4．1Resear血Topics   

Inthecontextofthemotivationandthebackgroundofthestudymentionedabove，   

WeSummarizequestionstobeaddressedinthisstudyasfollows：  

i）  WhathasbeenthepatternOfproductivitygrowthinagricultureacrossthe  

different districts of Bangladesh？Are there any districts which can be  

considered as the soleinnovator or contributed to shift the 丘ontierin  

Bangladeshagriculture？  

ii） Is the’diffusion of technologyleading to convergence or divergencein  

PrOductivityacrossdistrictsinBangladesh？  
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iii） WhyJapaneseagriculturesloweddownaftertherapidgrowth？Arethereany  

CauSallinksbetweenproductivityandcapitalinvestment？  

1．4．ユ DataSources  

For this thesis we used two different data sets．The data setfor the study on   

Bangladesh agriculture was collected正om variousissues ofStatisticalYearbook of   

Bangladesh，andYeatbookofAgriculturalStatisticsofBangladeshwhicharepublished   

bytheMinistryofPlannlng；AnAgriculturalStatisticalPronleofBangladeshpublished   

bythe CGPRTcenter；andvariousstudiesundertakenffomtimetotime・Thedataset   

employedinthisstudyisapaneloftwentydistrictsfbrtheperiod1979to1999・  

ForthestudyoncausalitywehavecollectedthedatasetffomtheSurveyReport   

OnFarmHouseholdEconomy（FHE）andtheSurveyReportonPricesandWagesin   

RuralVillages（PWRV），PublishedannuallybytheMinistryofAgriculture，Forestry，and   

Fisheries（Jqpan）．heachyearofthe1957－97period，OneaVeragefarmWaStaken敵om   

eachofthefbursizeclasses，0．5－1．0（Ⅰ），1・0－1・05（II），1・5－2・0（III），and2・Ohectaresand   

larger（IV），ffomallJapan（excludingHokkaidoprefecturebetauseofthedifferentsize   

Classification）．  

l．4．3 ResultandContribution  

i） We have measured the Malmquistproductivityindex and fbund that the  

averageannualgrowthinproductivitywasmainlycontributedbythegrowth  
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in technical change rather than improvements in technical efficiency. The 

growthratevariesamongthedistricts，andwedidnot血danydistrictwhich  

canbe consideredasthe soleinnovatororcontributedto shifttheffontierin  

BangladeshagrlCulture．Fortheperiodanalyzed，theknowledgeoftechnology  

hasnotbeenspreadlequallyamongallthedistricts■Thisisthefirststudyofits  

kindfbrBangladesh．   

ii） Ourcross－SeCtionandtime－Seriesconvergencetestconfirmsthatdivergence  

amongdistrictsdisappearandagriculturalproductivityreachconvergencein  

thelong十run・ThisisoneofthefirststudiesofitskindfbrBangladesh，andis  

■inlinewithevidence血omIndiaandChina．   

iii） Theresultsofthecausalitytestssuggestthattherehasbeenaslgn通cantand  

POSitiveGrangercausalrelationshiprunnlngfromTFPtocapitalaswellas  

ffomcapitaltoTFPinJapaneseagrlCultureoverthelongterm・The頁ndings  

areinlinewithevidenceonJapanesericeproduction・  

1．5 0rganizationoftIleThesis  

Aswediscussedearlier，theo切ectives ofthisstudyisthreefbld・Theyare：tO   

Study the productivity ofthe different districts ofthe agriculturalsector，tO teSt the   

COnVergenCeOrdivergenceofproductivityamongthedifferentagriculturaldistricts，and   

to checkthelong－runrelationship betweencapitalandproductivity・Theseissues are   

discussedinthreeessaysinthisthesis．  
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Chapter2fbcuses on the且rst essay“RegionalProductivityin Bangladesh   

Agriculture，1979－1999”．Inthis essay，WeeStimatetheMalmquistproductivityindex，   

andthendecomposedtheindexintotechnologicalchangeindex，andtechnicalefnciency   

Changeindexfbrthetwentydistricts．Wefurtheridentifytheinnovativeandtechnically   

efficientdistricts，andattempttomakealistofmodeldistrictswhomayplayaroleonthe   

balancedgrowthamongallthedistricts．  

ThisstudyestimatedthemiⅩedproductivitygrowthratesamongthedistrictsand   

itconfirmsthatthemoderntechnologyhasnotbeenspreadequallyamongallthedistricts   

during the study period・The outcomesin this essaylead us to study thelong－run   

movementinthedistrictlevelproductivitydifferenceswhichisdiscussedinthesecond   

eSSay・  

Oursecondessayon“ConvergenceinBangladeshAgriculture”ispresentedin   

Chapter3・Inthisstudy，Weanalyzethequestionofproductivityconvergenceamongthe   

Bangladeshidistricts．Our resultsindicate both the cross－SeCtionalconvergence tests，   

Crand β convergence，aS Wellas the panelunit root test found convergencein the   

growthofdistrictlevelproductivity．  

Fromapolicyperspective，thisisapositiveachievemelltaSitimpliespotential   

reductionin reglOnalinequalityln agriculturalproductivityin thelong－run・Another   

Oりjectiveinthisstudyishowtoincreasetheproductivitylevel・Aswehaveseenthat   

CaPitalinfluencesintheproductionofthefbodgralnSinBangladeshagriculture，and   

PrOductivitygrowthis associatedwith capitalinvestmentinJapanesericeproduction，   

therefore，Weareinterestedtocheckthecausallinkagesbetweencapitalinvestmentand   

PrOductivity．Thisissueisdiscussedinthethirdessayofthisthesis・  
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In Chapter4，Weintroduce our third essay on〃Causality between Capital   

Investment and ProductivityinJapanese Agriculture，1957－1997”・h this essay，We   

measuredproductivityindexesforthefoursizeclassesbyuslngthemultilateralindex   

PrOPOSedbyCaves，ChristensenandDiewert（1982）．TheGrangercausalitytestwasused   

to determine the causality between productivity and capitalinvestment．The results   

SuggeStedthatthereisaslgn通cantandpositivecausalrelationbetweenthetwovariables   

OVerthelong－run．  

Chapter5concludes thisthesiswith a summary of the findings and policy   

implications．  
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Chapter2   

Reg10nalProductivityinBangladeshAgrlCulture，1979・1999        ●                                                                      ●  

2．1 Introduction  

Agriculture has played animportant rolein the growthand stability of the   

economy of Bangladesh，aCCOunting fbr about25％ of GDP and nearly70％of   

employment（BBS，2000）．Although the share ofagriculturein GDP appearS tO be  

decliningl，agriculturewi11remainthelargestsinglecontributortotheeconomyinthe   

yearstocome．  

Aswehavefoundinvariouspaststudies，themodernteclmologyhashelpedto   

increasetheproductivity・However，theknowledgeonthetechnologyhasnotbeenspread   

equallyamongal1thedistrictstoremovethedistrictleveldisparities．Theknowledgeon   

districtleveldisparitiesisverydesirablefbrthegovernmenttotakeappropriatestepsfbr   

balanced growth among the districts and toidenti年 appropriate strategies of   

development．  

Inadistrictlevelcontext，itseemsverylmPOrtantforBangladeshtoknowthe   

relativepositionofdifftrentdistrictsintermsofagriculturalproductivityandtoident坤   

thetechnologicallyinnovativeorinefficientdistricts，SOthatthegovernmentcanplanfbr   

abalancedgrowthamOngallthedistricts・  

Asseeninthenextsection，therehavebeennumerous studies onBangladesh   

agriculture・ThemaJOrfocuseshavebeenon：meaSurlngTFP，decompositionofTFP，  

1pleaseRefertoAppendixII（TableAl）．   



agriculturalgrowththroughcropdiversiBcation，fbodproductionsustainability，linking   

thegrowthofTFPtothetheoryofproduction，teChnologicalchangeandfactordemand   

inBangladeshagriculture．  

Althoughtherehavebeenplentyofstudies．onthemeasurementofagricultural   

PrOductivityforBangladeshataggregatednationallevel，butwehavefbundthatthere   

havebeenfewattemptstostudyinthedistrictlevelproductivitygrowthandtoidentify   

the teclm0logicallyinnovative districts．Thus，this study attempts to estimate the  

productivity2growth，teChnologicalchange，andtechnicale比ciencychangeamongthe  

maJOrtWentydistricts3inBangladesh・  

Most oftheprevious studies onBangladeshagriculturalproductivity are very  

slmilarintermSOfobjectivesandmethodologiesused4．Theearlierstudieshaveapplied   

eitherpartialproductivityortotalfactorproductivityuslngindexnumberapproaches   

SuCh as T6rnqvist－Theilindex or traditionaleconometric approaches・Moreover，the   

estimationsinthe earlierstudieswerebasedonaveragepracticeproductionfunctions   

ratherthanthebestpracticetechnology・Therefbre，SuChstudiesassumedthatproducers   

areefficient，WhichmaybeunreasonableinthecontextofBangladesh・  

This study estimates productivity，teChnicalchange，and technicalefficiency   

changeindexes・They are reported for a multiple output－multiplelnPut PrOduction   

technologyfbrBangladeshagricultureatdistrictlevelffom1979to1999byuslnganOn－  

2Inthisstudyweusethetermproductivity，tOtalfactorproductivity（TFP），andmultifactorproductivity  
（MFP）interchangeably・  

3The districts are：Dina］Pur，Rangpur，Bogra，R再shahi，Pabna，Kushtia，Jessore，Khulna，Barisal，  
Patuakhali，Mymensingh，Jamalpur，Tangai1，Dhaka，Faridpur，Sylhet，Comilla，Noakhali，Chittagong，and  
ChittagongHillTracks．  

4AccordingtoSuhariyantoetal．（2001），StudiesonAsianagriculture（includingBangladesh）areoutof  
dateintermsofperiodstudiedandmethodologyused・  
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Parametric approach・This study appliesthe Malmquist－basedproductivitymeasures，   

WhichwasdevelopedbyF畠reetal．（1994），tOBangladeshagricultureatdistrictlevel．  

Thispaperdiffers血・Omthepastresearchinseveralways・Itisoneofthefirst   

PaPerS tO uSe the Malmquist productivityindex at the districtlevelin Bangladesh   

agriculture，andtoattempttoidentibTthemostandleastinnovativedistricts，andthe   

districtswhichshifts the丘ontier・Accordingly，the伽sto句ectiveofthispqperisto   

measure and compare the TFP growthin different districts of Bangladesh and to   

decomposeoftheTFPindexihtotechnicalchangeandtechnicale班ciencyindexes．The   

SeCOndobjectiveistoident勒theinnovativeandteclmicallyefncientdistrictsandtheir   

roleonthebalancedgrowthamongallthedistricts．  

Therestofthispaperisorganizedasfbllows：Section2・2providesasurveyofthe   

literatureconcernlngPrOductivityinBangladeshagricultureandtheuseofMalmquist   

index to measure the productivity・Section 2・3 deals withthe methodology fbr   

PrOductivitymeasurement，decompositionofproductivity，andidentificationofthemost   

andleastinnovative districts．Section2．4describes the sources and definitions ofthe   

Variablesandthedatausedinthisstudy・Section2・5containstheempiricalresultsand   

analysis．Finally，COnClusionsaredrawninSection2．6．  

2．2 LiteratureReview  

ThisstudyisonthedistrictlevelproductivityanalysisfbrBangladeshagriculture   

andattemptstoidentifytheadvancedorbackwarddistricts，andtosuggestmeasuresfbr   

removlngthereglOnaldisparitiesamongthedistrictsfbrabalancedgrowth．Weusethe  
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Malmquist productivityindexprocedures fbrthis study・Thereview oftheliterature   

fbcusesontwotopユCS：BangladeshagriculturalproductivityingeneralandtheMalmquist   

PrOductivityindex．  

Atfirst，thetheoreticalbackgroundonthesetwotopICSWill・beinvestigatedand   

thenwewi11lookatpreviousresearches doneonthesetopICS．Anoverviewonboth   

topICSisfbllowedinthefo1lowlngSub－SeCtions．  

2．2・1AnOverviewofBangladeshAgriculture  

Anumber ofstudies on measurlng andanalyzingproductivityin Bangladesh   

agriculturehavebeencarriedoutbyJahanandAlauddin（1996），Rahman（1999，2005），   

SarkerandIslam（1999），Ahmed（2001），tOnameOnlyaftw・  

Pray（1985），PrayandAhmed（1986，1991），DeyandEvenson（1991）estimated   

totalfactorproductivityinBangladeshagriculturebyconsideringtotaloutputandtotal   

COnVentionalinput．JahanandAlauddin（1996）followedT6rnqvist－Theilindexprocedure   

toconstructtheTFPindexandlaterdecomposedtheindexintovariousfactors・  

Rahman（1999）fbundthatalthoughtechnologicalchangeplayedasignificantrole   

inaugmentingaggregatecropproductivity，butthedeclimingproductivityofmodernrice   

raiseddoubtsonsustainingfbodproduction・Mahmud（1998），inhisessayonagricultural   

development strategy，argued thatthe current cropplng PatternS eVidently offerlittle   

SCOpefbrcropdiversificationthroughexpansionofmodernirrigation・  

Mchtire（1998）explainedthattheimpact of educationis stronger．in a   

modernlZlng enVironment，SuggeStingthatlackofeducationmaybeonereasonwhy  
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BangladeshagricultureisnotabletofullyexploitavailabletechnologleS．Accordingto   

Siddiqui（1998），animportant roleis to enable fhrmers toidentifyand resolvelocal   

agriculturalproblemsandanyagriculturalextensionprogramneedtobeawareoflocal   

avai1abilityofagriculturalinputs．  

WehavefoundthatasubstantialnumberofstudiesonBangladesh agriculture   

havebeencarriedoutbymanyresearchers．Theirworkfocusedonthemeasurementand   

decompositionofTFP，agriculturalgrowththroughcropdiversiBcation，fbodproduction   

SuStainability，linking the growth ofTFP to the theory ofproduction，teChnological   

ChangeandfactordemandinBangladeshagriculture，etCetera．However，Wehavefbund   

thattherehavebeenfewattemptstostudyonthedistrictlevelproductivitygrowthandto   

identifytheteclm0logicallyinnovativedistricts．Moreover，mOStOfthepreviousstudies   

OnBangladeshagriculturalproductivityarealmostthesameintermsofo句ectivesand   

metbodologyused．  

2．2．2 TheMalmquistProductivityIndex  

TheMalmquistproductivityindexwasdevelopedbyCavesetal・（1982）andlater   

F畠reetal．（1994）showedhowthisindexcanbeconstructedbyusingnonNParametric   

linearprogrammlngteChniques ofdataenvelopmentanalysisto伽distancefunctions・   

Sincethentherehavebeenmanystudieswhichusedthistechniqueforcross－COuntryOr   

inter－reglOnallevelstoconstruCttheTFPindexes・  

ThenotableworksontheconstructionofMalmquistTFPindexare：Fareetal．   

（1994）on170ECDcountries，Bureauetal・（1995）onnineEuropeanUnioncountries  
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andtheUnitedStates，I．ambertandParker（1998）onChineseprovincialagriculture，   

MillanandAldaz（1998）ontheSpanishregions，Thirtleetal．（2003）onBotswana，Horie  

andYamaguchi（2003）onJapaneseagriculture，Suhariyantoand馳r占da（2002）on  

OECDcountries，andAlauddinetal．（2004）onlllcountries，tOnameOnlyafew．  

TheadvantagesoftheMalmquistproductivityindexislistedinFareetal．（1994），   

Thirtleetal・（1995），Griftll－TaqiandLevell（1996，1997），hmbertandParker（1998），   

Coellietal・（2000），andothers．HerewelookatthepositiveftaturesoftheMalmquist   

indexwhicharelistedintheabove－mentionedstudies．  

Firstly，the Malmquistindexis non－Parametric，therefore，thisindex does not   

requlreanySPeCificationofthefunctionalformOftheproductionteclm0logy・Secondly，   

thistechniquedoesnotrequlreaneCOnOmicbehavioralassumptionofproductionunits   

SuCh as costmimimizatiop or revenue maximization．Thirdly，PrOductivity can be   

estimatedwithmultipleoutputsaswe11asmultipleinputs・Fourthly，Wedonothaveto   

relyonprlCe datatoconstructtheindex・Fifthly，COnStantSharesarenotimposedon   

lnPutSOrOutPutStOeStimatetheindex・And銭nally，theindexdecomposesproductivity   

Changeintotechnicale班ciencychangeandtechnicalchange・  

LetustakethesedesirablefeaturesoftheMalmquistindexinmind・Aswehave   

foundthattheeconomicbehavioroftheproductionunitsinagricultureisuncertainand   

the consistent price data on all the variables are not available for the Bangladesh 

agricultureatdistrictlevel，thechoiceoftheMalmquistindexfbrthisstudyiswe11   

justified・  
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2・3 ResearchMethodology  

TheanalysispresentedinthisstudyisbasicallydividedintotwomaJOrPartS・The   

firstpartwilldealwiththemeasurementofMalmquistproductivityindexatthedistrict・   

1evelinBangladeshagriculture，anddecompositionofTFPintoteclmicalchange and   

technicalefficiencychangeindexes・Thesecondpartwillattempttoidentifythemostand   

leastteclmologicallydevelopedandefficientdistricts，andthedistrictswhichshiftthe   

ffontierinBangladeshagrlCulture．  

2．3．1MeasurementoftheMalmquistProductivityIndexandItsComponents  

This studyuses the MalmquistTFPindex，Whichispresentedin Caves etal・   

（1982）andFareetal．（1994），tOmeaSuretheTFPchangebetweenthetwodatapointsby   

Calculatingtheratioofthedistancesofeachdatapointrelativetoacommontechnology．   

TheMalmquistTFPindexcanbedefineduslngeithertheinput－Orientedapproachorthe   

OutPut－Orientedapproach．  

Aninputdistancefunctioncharacterizestheproductiontechnologybylookingat   

aminimalproportionalcontractionoftheinputvector，glVenanOutPutVeCtOr・Anoutput   

distancefunctionconsidersamaximalproportionalexpansionoftheoutputvector，glVen   

aninputvector（Coellietal．，2000）・  

hthisstudy，WeWillusetheoutputdistancefunctiontoestimatetheMalmquist   

TFPindex．To estimatetheoutput－based MalmquistTFPindex，Weneedto define a   

PrOductiontechnology．  
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We may de銭ne the productiontechnologyusing theoutputset，Q（x），Which   

representsthevectorofthesetofalloutputs，y，Whichcanbeproduceuslngtheinput  

vector，X・Tbenwemaywriteas，5  

e（ズ）＝抄：ズCanprOduceッ）  
（2・1）  

WeassumethatthissetsatisBesalltheproperties6mentionedinCoellietal・   

（2000，pp62）・  

NowwemaydefinetheoutputdistanCefunctionontheoutputsetas，Q（x），aS  

do（ズ，ツ）＝minβ（吉∈呵  （2・2）  

Fromtheequations（2・1）and（2．2），WemayCOnCludethatiftheoutputvector，y，is  

anelementofthefeasibleproductiohset，Q（x），thenthedistancefunction，d。（x，y），wi11   

belessthanorequaltol・Ontheotherhand，iftheoutputvector，y，isfbundontheouter   

boundaryofQ（x），thenthevalueofthedistancefunctionwillbeequaltol・And，ifthe   

OutPutVeCtOrissituatedoutsideofQ（x），thenthevalueofdistancefunctionwi11be   

greaterthanl．  

As we have already mentioned that the Malmquist TFP index measures the 

productivitychangebetweenthetwodatapoints，followingFareetal・（1994）theoutput－   

basedMalmquistindexbetweenperiodtandt＋1isde血edas：  

5TheformulationdrawsheavilyonCoellietal．（2000，Ch：10）．  
G 
Thepropertiesofthissetaresummarizedasfollows．Foreachx，theoutputsetQ㈲isassumedtosat蝿7‥  

（i）0∈Q（Ⅹ）：nOthingcanbeproducedoutofagivensetofinputs，（ii）non－ZerOOutPutlevelscannotbe  

producedfromzerolevelofinputs，（iii）Q回satisfiesstrongdisposabilityofoutputs‥ify∈Q（x）andy－＜y  

theny＊∈Q（Ⅹ），（iv）Q仙satis鮎sstrongdisposabilityofinputs：ifycanbeproduced＆omx，thenycanbe  

producedfromanyx＊＞Ⅹ，（Ⅴ）Q何iscユosed，boundedandconvex．  
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d三（γ仰ろ．1）、‥′打1（‰1，ち．1）  
椚。（ッ′，斗，γ刷ろ．1）＝   （2．3）   

d三（γ”ろ）ノ‥＼d三＋1（γ”ち）  

Inequation（2・3），d三（y，．1，Xt．1）representsthedistancefunctionhorntheperiod   

t＋lobservationtotheperiod t technology・TheTFPgrowth血omperiodt toperiod   

t＋1willbepositiveifthevalueofm。1Sgreaterthanone・Ontheotherhand，ifm。1S   

lessthanone，thenitindicatesadeclineintheTFPgrowth・  

Equation（2・3）showsusthattheproductivitychangeismeasuredasthegeometric   

meanofthetwoTFPindexes．Thefirstpartontherighthandsideoftheequationis   

glVenfortheperiod t technologyandthesecondpartisevaluatedfbrtheperiod t＋1   

technology．  

Oneofthema］OradvantagesoftheMalmquistproductivityi11dexisthatitcanbe   

decomposedintotechnicale恍ciencychangeandtechnologicalchange・Therefbre，1nan   

equivalentway，WemayreWritetheMalmquistproductivityindexsuchas：  

d三＋1（γ棚ろ十1）  d三（ッ仰ち．1）  
m。（γ”ツ仰ろ，ろ．1）＝   （2．4）  

d三（γf，ズJ）  

Equation（2．4）providesthedecompositionoftheMalmquistTFP■index7．The  

changeintechnicalefficiency8betweenperiodtandt＋1iscapturedbytheratiooutside   

thebracketsontherighthandside．Theratiowithinthebracketsmeasuresthetechnical  

change9betweenperiodtandt＋1・  

Therefbre，the productivity growthis dehed as the product of technical   

efficiencychangeandtechnologicalchange・And，WemayWriteitas：  

7 pleaserefbrtoAppendixIforagraphicalpresentationofMalmquistproductivityindex・  
8Technicalefnciencymeasureshowmuchcloseradistrictgetstothecountry，sfrontier・  
9Technicalchangemeasureshowmuchthecountry，s血ontiershiftsateachdistrict，sobservedinputmix・  
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MalmquistIndex＝TechnicalEfnciencyChange（TEC）ⅩTechnologicalChange（TC）  

Thetechnicalefnciencychange（TEC）componentisgreaterthan，equalto，Orless   

than one according towhethertechmicalefnciencylmPrOVeS，remains unchanged，Or   

declinesbetweenperiodt andt＋1－Simi1arly，teChnicalchange（TC）componentisalso   

greaterthan，equalto，Orlessthanunity，anditshowswhetherthe放ontierisimprovlng，   

Stagnant，Ordeteriorating．  

ThevalueoftheTECandTCdeterminesthevalueoftheMalmquistindex，Which   

mayalsobegreaterthan，equalto，Orlessthanunity・Wewi11haveimprovedproductivity   

ifthevalueoftheindexisgreaterthanunity・  

Therearevariousmethodswhichcanbeusedtoestimatethedistancefunctionto   

COnStruCttheMalmquistTFPindex．hthisstudy，WeCalculatethedistancebyuslngData   

EnvelopmentAnalysis（DEA）technique under the constant returns to scale（CRS）   

assumptionto measuretheMalmquistindex．Theinputorientedand CRS modelwas   

PrOPOSed by Charnes，Cooper，and Rhodes（CCR，1978）．The CRS assumptionis   

appropriate when allfirms are operating at an optimalscale・Banker，Charnes，and   

Cooper（BCC，1984）suggested an extension ofthe CRS DEAmodelto account fbr   

Variablereturnstoscale（VRS）situation・  

One issue that must be stressed is that the returns to scale properties of the 

technologyisveryimportantinTFPmeasurement・Grife11－TaqiandI・OVell（1995）usea   

Simpleone－1nPut，One－OutPuteXamPletoillustratethataMalmquistTFPindexmaynot   

COrreCtly measure TFP changes when variable returns to scaleis assumed for the   

technology・Hence，itisimportantthatconstantreturnstoscalebeimposeduponany   

technologythatisusedtoestimatedistancefunctionsfbrthecalculationofaMalmquist  
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TFPindex．0therwise，theresultingmeasuresmaynotproperlyrenecttheTFPgalnSOr   

lossesresulting敵omscaleefEects（Coellietal．，2000，Ch：10）・  

TomeasuretheTFPchangebetweenthetwoperiods（t and t＋1）fbrthei－th   

district，Weneedtocalculatefburdistancefunctions．Therefore，WeneedtosoIvefour   

linearprogramming（IJP）problems・AccordingtoFareetal■（1994）whichassumeda   

COnStantreturntOSCaletechnology，therequiredfourIJPsare：   

［打1（ル杭）］‾1＝maX頼¢，  

St   －¢ツ申1＋￥．1ス・≧0，  

（2・5）  ズ小1一方ル1入≧0，   

入≧0，  

［d三（輝明‾1＝maX頼¢，  

St   －¢γり＋￥入≧0，  

ズり－∬′入≧0，   

入≧0，  

［dこ＋1（γ”叫1＝maX¢，入¢，  

St   －わり＋ア十1Å≧0，  

ズり－∬J＋1入≧0，  

入≧0，  

（2．6）  

（2・7）   

and  

［紬＋1，緑］‾1＝maX¢，Å¢，   
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St   －紗小1＋羊入≧0，  

ろ，r＋1一方‡入≧0フ  

入≧0，  

（2・8）  

WhereyL，t＋11SaMxIvectoroftheoutputquantitiesfbrthei－ihdistrictinthe   

t＋1－th period；XL，t＋11SaKxlvectoroftheinputquantitiesfbrtheトthdistrictinthe   

t十1－ih period；Y．1isaNxM matriⅩOftheoutputquantitiesfbrallN districtsinthe   

t＋1－ih period；Xt＋11SaNxK matrixoftheinputquantitiesfbrallN districtsinthe   

t＋1－th period；入isaNxlvectorofweights；and¢isascalar，reneCtingthedegree   

towhichtheoutputvectorcanbeexpandedorcontracted・  

Inequations（2．7）and（2．8），PrOductionpointsarecomparedtotechnologiesffom   

differenttimeperiods，the¢parameterneednotbegreaterthanorequaltoone・Thedata   

POintcouldlie abovetheproduction缶ontier・Thiswi11mostlikelyoccurinequation   

（2．8），Whereaproductionpoint丘omperiodt＋1iscomparedtotechnologyinanearlier   

Periodt．Iftechnicalprogresshasoccurred，thenavalueof¢＜1ispossible・Notethatit   

COuldalsopossiblyoccurinequation（2・7）iftechnicalregresshasoccurred，butthisis   

lesslikely（Coellietal．，2000，PP227）・  

WeneedtosolvetheabovefourIRsforeachdistrictineachpalrOfadjacent   

yearsinthesample・Thus，intotalwehavesoIvedl，160LPsforthisstudy・Wehaveused   

the Data EnvelopmentAnalysis Program（DEAP）version2・1，developed by Coelli   

（1996），tOCalculatea11theLPsinthisstudy・  
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2．3．2 InnovativeDistricts  

InordertoevaluatethereglOnaldisparitiesinthedevelopmentoftheagricultural   

SeCtOrOfBangladesh，Weneedtoidenti＆thedistrictswhichareshiftingthe血ontierover   

timeandplayingtheroleasinnovators．Decompositionoftheproductivitychangea1lows   

ustoidentibTtheinnovatorswhoactuallycausethebest－PraCtice血ontiertoshift（Horie   

andYamaguchi，2003）．  

FollowingFareetal．（1994），tOidentifytheinnovativedistrict，k，WeCanlookat   

thecomponentdistancefunctionsinthetechmicalchangeindex・If  

technicalchangeofaparticulardistrictkinthet－thperiod＞1  

d三（γ糾，布川）＞1，and  

dg・皿レ細ズ糾）＝1  （2．9）  

then，thatparticulardistrictcanberegardedasinnovatorandhavingcontributedtoashift   

inthefrontierbetweenperiodtandt＋1・  

Similarly，WeCanidentifythee比cientdistricts，ifthoseparticulardistrictsfu1別1   

allthe three conditions mentionedin equation（2．10），Whilelookingat theteclmical   

efficiencychangeindex，  

technicalefhciencychangeofaparticulardistrictinthetrthperiod＞1  

d三（外項薫．1）＞1，and  

d三＋1（γ棚ズけユ）＝1・  （2．10）   
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2．4 Data  

The data set．employedin this studyis a panelofthe fbrmer maJOr tWenty  

districtslOfortheperiod1979to1999．Fiveoutputs（rice，Wheat，Pulses，grOundnuts，and  

til）and銭veinputs（land，1abor，livestock，fertilizer，andirrigation）wereconsidpredfbr   

thisstudytoconstructtheMalmquistTFPindex．Notethatonlyquantitydatawereused   

for this study due to unavailability of the complete and comparable set of prices of 

OutPutSandinputsfbrthedistrictsunderconsideration．  

Totalricerepresentssixtypesofrice：Aus（localandHYV），Aman（localand   

HYV），andBoro（localandHYV）．Wheatrepresentstwotypesofwheat‥localandHYV・   

Totalpulsesareconsistedof缶vedifftrentpulses：maSur，mOtOr，mung，maShkhalai，and   

kheshari．Tilrepresents both summer and winterproduction．The quantity datawere   

COllected血・OmthesourcesmentionedinSectionl．4．2andweremeasufedinmetrictons．   

Data fortheintervenlngPeriods were calculatedbyinterpolation assumlngtheinter－   

censal growth rate in the respective outputs. 

Landcoversthetotalcroppedarea（includingareaundermultiplecropping）andit   

ismeasuredinlOOOhectares．  

Agriculturallabordataatdistrictlevelrepresentsthetotalnumberofparticipants   

in the economically active population in agriculture regardless of differences in 

education，age，andsex．Sincelabordataatthedistrictlevelarenotdirectlyavailablefor   

alltheyearsofourstudyperiod，Wehavefbllowedaprocedureinthreestepstocalculate   

thelabordataseriesforallthedistricts．  

10currentlythereare64districts，Whichwerethepartsofthefbrmertwentydistricts・Tillnow，BBS  
PublislleSdataonthefbrmertwentydistrictsratheTthanonthecurrent64districts，  
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Inthe鮎ststep，Wehavelistedthetotalpopulationofallthedistrictsfbrthestudy   

PeriodwhichisglVenatdifferentissuesofstatisticalyeafbook・Inthesecondstep，We  

haveconstructedthetotallaborfbrcefbrtherespectivedistrictsasapercentageoftotal   

POPulation・Inthefinalstep，Wehavecalculatedtheagricultura11abordataasaratioto   

thetota11aborfbrce・Theratiosofhborfbrceandagriculturallaborwithrespecttothe   

totalpopulationandlaborfbrcerespectivelyareglVenfbrdifferentyears・Theintervenlng   

Periodswerecalculatedbyinterpolationassumlngtheintercensalgrowthrate・  

Thelivestockvariableusedinthisstudyistheaggregateofthevariouskindsof   

animalsinlivestockunitsirrespeCtiveoftheirage・Itincludessheep，gOatS，Cattle，and   

buffaloes．Theconversions factorsfromlivestodknumbers tolivestockunits forcattle，   

buffaloes，SheepandgoatsarerespectivelyO．75，1・31，0・10，andO・10（Hossain，1991，PP・   

52）．The data fbr the country as a whole and fbr the districts were obtained from   

AlauddinandHossain（2001），differentstudies onagriculturalandlivestockcensuses，   

andsomeotherstudiestaken血omtimetotime．  

Inthisstudy，fertilizervariableisthesumofUrea，TripleSuperPhosphate（TSP），   

andMuriateofPotash（MOP）whichismeasuredinmetrictons・Thedatawerecollected   

鉦omvariousissuesofthestatisticalyeafbookandintervenlngperiodwascalculatedby   

interpolationassumlngtheinter－CenSalgrowthrate・  

To construct the data fbrirrigation，this study fb1lows the method used by   

Rahman（1999）．Theirrigation data represents the multiplication ofirrigationindex   

（measuredastheirrigatedareaasaproportionoftotalcroppedarea）andareaunder   

modern varieties（measured as the proportion oftotalcultivable areaundermodern  
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Varietiesofallriceandwheatcrops）．Thus，inthiswaytheirrigationdatawouldbreakthe   

multi－COllinearitybetweenthesetwovariablestoalargeextent・  

Increasedproductionoffbod grains hasresultedmore ffomanincreaseinthe   

usageofcapitalratherthan1aborinBangladesh（AlauddinandTisdel，1995）．However，   

thetimeseries datafbrcqpitalusein agriculturalproduction atdistrictlevelarenot   

available・Therefbre，fbllowingAlauddinandTisdell（1995），thisstudyusestwoproxies   

fbrcapital，namelyfertilizerandirrigation．  

Weatherplaysanimportantroleintheagriculturalproduction・However，dueto   

unavailability of data we have not included weather as a variable in the analytical 

丘amework．  

Itis worthmentionlngthat any analysis onBangladesh agricultureencounters   

fbrmidable problems of data quality（Jahan and Alauddin，1996）．The only   

COmPrehensiveandmaJOrSOurCeOfdataistheStatisticalYearbookofBangladesh，and   

recentlypublishedworkingpaperbytheCGPRTcenter．Therearemanystudies，mainly   

by Pray（1980），Clay（1986），Boyce（1985），tOident坤the sources of errors and   

Weakness ofthe data system・Al1those researchers fbund simi1arproblems with the   

OfficialagriculturalstatisticsinBangladesh．  

Therefbre，We have the only choice of uslng the published data while   

acknowledgingtheirslgnificantinadequacies．SincetheprlCedataarenotavailablefor   

thevariablesweuseinthisstudy，0nlythequantitydatawereconsideredtoconstructthe   

Malmquisttotalfactorproductivityindex▲Inthiscase，WearenOtabletocalculatethe   

allocativee放ciencybutwecalculatetheteclmicale餓ciencyandproductivity．  
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■2．5 ResultAnalysis  

Theindexesofgrowthofeachoutputandinputarepresentedingraphicalformin   

Figures2・1and2・2，reSPeCtively・AccordingtoFigure2・1，thegrowthratesofPulsesare   

COmParativelyhigherthantheotheroutputs．Since1989，thegrowthrateofwheathas   

been remarkable andit exceeds the growth rate ofrice．Thisis mainly due to the   

governmentpolicyofencouraglngWheatproductionasasubstitutefbrrice・Theother   

OutPutSalsoincreased，althoughtheratesofgrowthareapparentlydi脆rent・  

Figure2．1：IndexesofOutputs  

Figure2．2showsthecumulatedindexesofthegrowthof缶velnPutS・Thegrowth   

rateofirrigationisveryhighthananyotherinputs．Thebelow点gureshowsthatlanddid  
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notgrowmuchduringthestudyperiod．I．aborindexshowsthatitbecamestagnant血om   

19900nWards．  

椚gureヱ．2：IndexesofImputs  

Inthisstudy，WehaveconstruCtedtheMalmquistproductivityindexrelativeto   

theconstantreturntoscaleuslngOutPutOrientation．Annualmeansandannualgrowth   

rates of the Malmquist productivityindex andits components；teChnicale比ciency   

Change（TEC），andtechnologicalchange（TC）arepresentedinTable2・1・  

SincetheMalmquistproductivityindexismultiplicative，theaverages are also   

multiplicative，1・e，thegeometricmean・hprovementsinagriculturalproductivityandits   

COmPOnentSOCCurWhenthevaluesoftheindicesaregreaterthanone・Thevalueofthe   

indexatapointintimeminusoneindicatesthepercentageofgrowth（Fareetal・，1994）・  

Table2．1shows that agriculturalproductivityin Bangladeshincreased at an   

annualgrowthrateofO．90％0Verthe1979－99period．Duringthisperiod，theaverage  
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annualgrowthrateintechnicale班ciencychangeandtechnologicalchangewasO．20％   

andO・70％，reSPeCtively・Therefbre，theresultshowsthattechnologicalchangeisthe   

mainsourceofagriculturalproductivitygrowthinBangladesh，Whichsuggeststhatthe   

newagriculturaltechnologyhashelpedtheBangladeshagriculturetogrowduringthe   

Studyperiod．  

Table2・1：AnnualMeansandAnnualGrowthRatesoftheMalmquistIndex，  

andItsComponentsinTwentyDistrictsofBangladesh，1979・1999．  

AnnualMeans  AnnualGrowthRates（％）  

TEC   TC   TFP   TEC   TC   TFP   
Dina］pur   1．000   1．001   1．002   0．00   0．10   0．20   

Rangpur   1．000   0．975   0．975   0．00   －2．50   －2．50   

BogTa   1．000   1．012   1．012   0．00   1．20   1．20   
Rajshabi   1．002   1．010   1．012   0．20   1．00  1．20   
Pabna   1．000   0．997   0．997   0．00   －0．30   －0．30   

Kushtia   1．000   1．008   1．008   0．00   0．80   0．80   
Jessore   1．010   1．020   1．030   1．00   2．00   3．00   
K血ulna   1．000   0．995   0．995   0．00   －0．50   －0．50   

Barisal   1．043   1．002   1．044   4．30   0．20   4．40   

P如ual血ali   1．000   1．046   1．046   0．00   4．60   4．60   

Mymenslngh  1．000   1．010   1．010   0．00   1．00   1．00   

Jamalpur   0．997   1．004   1．001   －0．30   0．40   0．10   

Tangail   0．992   1．019   1．010   －0．80   1．90   1．00   

Dhaka   0．997   1．016   1．013   －0．30   1．60   1．30   

Faridpur   1．000   0．975   0．975   0．00   －2．50   －2．50   

Sylbet   0．992   1．007   0．998   －0．80   0．70   －0．20   

Comilla   1．008   1．008   1．016   0．80   0．80   1．60   

Noak血ali   1．000   0．991   0．991   0．00   －0．90   －0．90   

Chittagong   1．000   0．996   0．996   0．00   －0．40   －0．40   

Chit．H．T．   1．000   1．054   1．054   0．00   5．40   5．40   

AVERAGE   1．002   1．007   1．009   0．20   0．70   0．90  

Table2・1also shows the estimated Malmquist productivityindex andits   

COmPOnentSfbreachdistrictduringthestudyperiod．Theresultshowsthatsevendistricts  
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Out Oftwentydistrictshavenegativeproductivitygrowthrates．Theyare：Rangpur（－   

2・50％），Pabna（－0・30％），Khulna（－0．50％），Faridpur（－2．50％），Sylhet（－0，20％），Noakal11i   

（－0・90％），and Chittagong（－0．40％）．The negative productivity growth ratesinthese   

districts（exceptSylhet）aretotallyattributabletothenegativegrowthintechnological   

Changesincethegrowthratesoftechnicale班ciencychangearezeros・  

Among the districts with positive growth rates，Barisal（4．40％），Patuakhali   

（4・60％）andChittagongHillTracks（5．40％）showedremarkablegrowthratescompared   

totheotherdistricts．ThegrowthratesofChittagongHillTracksandPatuakhaliarefu11y   

attributabletothetechnologicalchangeandontheotherhandtechnicalefBciencychange   

hasagreaterrole（4．30％）intheproductivitygrowthofBarisal．  

Positive growth rates in technological change dominated the growth rates of 

technicale班ciencychange when comparlngtheirrelativeimportancein productivity   

growthinninedistricts・Theyare：Din可pur（0．20％），Bogra（1．20％），Rajshahi（1・20％），   

Kushtia（0・80％），Jessore（3・00％），Mymensingh（1・00％），Jamalpur（0・10％），Tangail   

（1・00％），andDbaka（1・30％）．  

ThegrowthrateofComilla（1・60％）iscontributedequallybythegrowthrateof   

technologicalchangeandtechnicalefficiencychangewhichareO．80％eachperannum．  

Table2・1suggeststhatintwelvelloutoftwentydistrictstechmicalefficiencyhas   

noroleinproductivitygrowth．Therefore，theproductivitygrowth（Ordecreases）inthese   

twelvedistrictsisfullyattributedtothegrowth（ordecreases）intechnologicalchange．   

Table2．1reveals that during the studyperiod some districts en］Oyed a very high   

PrOductivity（e．g・，5．40％inChittagongHillTracks），Whereassomedistrictshadaslowas  

11Twelve districts are：Din軸ur，Ranjpur，Bogra，Pabna，Kushtia，Khlna．Patuakhali，MymenSingh，  
Faridpur，Noakhali，Chittagong，andChittagongHillTracks．  
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－2・50％（inRangpurandFaridpur）productivitygrowthrateindicatingthemagnitudeof   

disparities between the districts in Bangladesh. 

TheindexesofTEC，TC，andTFParepresentedinFigure2・3whichsupportthe   

argumentthattechnologicalchangeappearsasthemainsourceofproductivitygrowthin   

Bangladeshagriculture．  

Fjgul●e2．3：IndexesofTEC，TC，andTF  

Table2．1doesnotshowustoidentifythedistrictswhichareshiftingtheffontier   

OVertime・horderto鎖ndouttheinnovativedistricts，We－1Seequations（2．9）and（2．10）   

Whichwere developedbyFare et al・（1994）andlaterusedbymanyresearchers．By   

lookingatthecomponentdistancefunctionsinthetechnicalchangeindexortechnical   

e班ciencychangeindex，WeCanidentifytheinnovativedistrict．  

Thedistrictswhichsatisfyal1theconditionsinequations（2・9）and（2・10）canbe   

COnSidered as theinnovative districts．Table2．2shows theinnovative districtsin each  
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yearwhichactua11yshiftedtheffontierbetweent－ihandt＋l－thperiod・Theasterisk（＊）   

and number（＃）marksinTable2．2indicatetheinnovativedistricts accordingtothe   

COnditionsstatedinequations（2．9）and（2．10），reSPeCtively．  

AsweseeinTable2．2，eXCePtTangai1allotherdistrictssatis鮎dtheconditions   

Statedinequation（2．9），andtherefore，Canbeconsideredastheinnovativedistrictsand   

Shiftedtheffontieratsomepointdmingthestudyperiod・Amongallofthem，馳shtiahas   

Shiftedthefrontiermaximumlltimesduringthetwentyyearsstudyperiod・Eachyeara   

mimimumoftwodistricts（in1981）toamaximumofthirteendistricts（in1990）have   

Shiftedthe丘ontierinBangladeshagriculture．  

However，Only eight districts have fulBlled the conditions statedin equation   

（2・10）whichlooksatthecopIPOnentdistancefunctionsinthetechnicalefnciencychange   

index・Thesedistrictsare：Din再Pur（1980），R可Shahi（1984and1990），Jessore（1984and   

1985），Kushtia（1981and1987），Dhaka（1980），Sylhet（1987and1990），Comi11a（1980），   

andChittagongHillTracks（1984）・  

TheresultsinTable2．2showthatalthoughexceptTangailallotherdistrictswere   

innovativeatdifferentyearsduringthestudyperiodaccordingtotechnicalchangeindex，   

butonlyeightdistrictswereinnovativeforsixdifferentyearsoutoftwentyyearsstudy   

Periodbasedontechmicale岱ciencychangeindex．  

ThesefindingspointoutthatthedistrictsinBangladeshareuslngtheavailable   

technologyandhelpingtoimprovetheproductivity，butmostofthedistricts arenot   

technica11yefhcient．AswealsosawinTable2．1，theproductivitygrowthinBangladesh   

WaSmainlycontributedbythegrowthintechnical血angeratherthanimprovementsin   

technicalefficiency．  
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Tables2．3and2．4giveusthelistofthemostandleastnvetechmicalefncientand   

technologicallydevelopeddistricts，reSPeCtiyelyfbrthefbursub－Periods（1979－1984，  

1984－89，1989－94，and1994－99）．  

AsweseeinTable2・3，therankingofthedistrictsmoves丘omonesubqperiodto   

the other sub－Period．Such as Dhaka was one ofthe点ve most technically e比cient   

districtsintheBrsttwosub－PeriodsandthereafterDhakawaslistedasoneoftheleast   

e班cientinthelasttwo sub－Periods．Similarly，Tangailwaslistedasoneoftheleast   

e班cient districtin the丘rst three sub－Periods，however，itmovedto thesecondmost   

efncientdistrictinthelastsub－Period，Table23showsthat，therewasnodistrictwhich   

remainthemostorleaste班cientthroughoutthestudyperiod．Therefbre，itcanbenoted   

thattherewasno．districtwhichcanclaimasefficientconstantlydmingthewholestudy   

period．  

Table2．3：TheMostandLeastFiveTedlIlicallyE糀cientI）istricts  

Rank  District   79－84  District   84～89  District   89～94  District   94〝99   

1   Barisal   1．182  Jessore   1．007  Sylhet   1．024  Mymensingh  1．022   

2   Comilla   1．047  Dbaka   1．006  Jamalpur   1．023  Tangai1   1．017   
3   Jessore   1．032  13  1．000  R再Shahi   1．007  14  1．000   

4   Rajsbahi   remalnlIlg  remalnlng  

5   Dbaka   Districts  14  Districts  

16  12  remalnlng  

17  remalnlng  Rajs血ahi   Districts   Dhaka   0．996   
Districts   

18   Tangail   0．999  Sylhet   0．978  Jamalpur  0．990   

19   Sylbet   0．998  Jamalpur   0．975  Tangail   0．989  Comi11a   0．986   

20   Mymensingh  0．979  Tangail   0．962  Dhaka   0．979  Sylbet   0．967  

AswesawinTable2．3，Table2．4alsoshowsthattherankingsofthedistricts   

move between the four sub－Periods・Therefore，there was no district whichlisted  
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COnSistentlyeitherasthemostorleasttechnologicallydevelopeddistrictduringthefour   

Sub－periods．  

Tables2．3and2．4show that therewere no common districts which cotlld be   

recognized eitherthe most efficientortheleastefficientdistrictirrespeCtive ofthe   

methodologiesweusedtoidentifytherankingofthedistricts．Ontheotherhand，Wemay   

Saythattherewereno consistentcharacteristics ofthedistrictsinBangladeshwhich   

mighthavekepttheminthegroupofthemostorleaste班cientlists．  

Table2・4：TheMostandLeastFiveTechnological1yI）evelopedl）istricts  

Rank  District   79－84  District   84…89  District   89～94  District   94－99   
Chi．HT   1．294  Patual血ali  1．071  Pabna   1．086  DinaJPur  1．080   

2   Patuakhali  1．226  Noakhali  1．012  Barisal   1．075  R年ishabi  1．052   

3   Bogra   1．082  Dbaka   0．998  mshtia   1．059  Tangail   1．047   
4   Kushtia   1．079  KIlulna   0．997  Jessore   1．057  Jamalpur  1．043   
5   DinaJpur  1．056  Barisal   0．986  Sylhet   1．046  Pabna   1．035   
16   Kbulna   0．985  Faridpur  0．935  Noakbali  1．005  Faridpur  1．001   
17   Chittagong  0．985  Pabna   0．914  Khulna   0．980  Ch拍agong  0．994   
18   Noakhali  0．966  Din叫pur  0．908  Din年】pur  0．971  Noakbali  0．981   
19   Rangpur  0．964  Rangpur  0．907  Faridpur  0．969  C血i．HT   0．954   
20   Pabna   0．963  Kusbtia   0．895  Patual血ali  0．908  Barisal   0．899  

Wemaysaythatthecharacteristicsofthedistrictskeptonchanglngffomtimeto   

timewhichfbrcethemnottobelongtothemostorleastefhcientdistrictliststhroughout   

thestudyperiod．Thechangeincharacteristicsmighthavecausedbyseveralexternal   

factorssuchasfl00d，rainfa11，tranSPOrtation，reSearChanddevelopment，infrastructure，   

Sizeofthelandandfarm，andetcetera．  

Fromthe above discussions，We havenotfbundanydistrictwhichperformed   

COnSistentlyas the soleleaderordeterminedthefrontierineachyearinBangladesh  
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agriculture・These results alsoindicatethat disparities arefoundinthe districtlevel   

development．  

Althoughourstudyfai1edtoidentibTanySlngledistrictsastheleaderwhocan   

COntribute slgniBcantly throughout the study period to shift the丘ontier or being   

innovativeallthetime，butonthebasisoftheproductivitygrowthanddiscussionsonthe   

mostdevelopedorinnovativedistricts，WeCanattemPttOmakealistofdistrictswhich   

mayplaytherolemodelfbrtheotherbackwarddistricts．Thesearethedistrictswhich   

maybeconsideredastherolemodel：Rajshahi，Jessore，Barisal，Comi11a，andChittagong   

HillTracks・Theknowledgeoftheserolemodeldistrictsmaybehelpfu1totheneighbor   

Or backward districts to overcomethe disparities．The govemment has to take the   

initiativestepstospreadtheinformationontheachievementsandknow－howoftherole   

modeldistrictstothecomparativelylessdevelopeddistricts．  

2．6 ConclusionandPolicyImplication  

ThispaperhasmeasuredtheMalmquistproductivityindexfbrthefbrmertwenty   

districts of Bangladeshand then decomposed the productivityindexinto technical   

e班ciencyind 

growthinproductivity（0－90％）wasmainlycontributedbythegrowthintechnicalchange   

（0．70％）ratherthanimprovementsintechnicale比ciency（0・20％）・  

TheseestimatesarewithinareasonablerangeCOmParedwiththeotherstudiesfor   

Bangladesh agriculture．Rahman（2005）estimated a negative growthin technical  
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e組ciency（－1・00％），however，0・90％ofproductivitygrowthratewasreporteddueto   

POSitivegrowthinteclmicalchange（1．92％）．  

Wefoundthattechnicale班ciencyhasnoroleinproductivitygrowthintwelve   

OutOfthetwentydistricts・Therefore，theproductivitygrowth（Ordecreases）inthese   

twelvedistrictsisfu11ysupportedbythegrowth（Ordecreases）intechnologicalchange・  

TheresultsinTable2・2shows thatalthoughexceptTangailallotherdistricts   

Wereinnovativeatdifftrentyearsduringthestudyperiodaccordingtotechnicalchange   

index，but technicalefnciency changeindex shows that only eight districts were   

innovativefbrsixdifferentyearsoutoftwentyyearsstudyperiod．  

These缶ndingspointoutthatthedistrictsinBangladeshareuslngtheavailable   

technology andhelpingtoimprovetheproductivity，butmostofthedistricts are not   

techmicallyefBcient．  

Further，Wehaveidenti鮎dthemostandleastinnovativedistrictsonthebasisof   

technicalefnciencychangeindex aswellastechnicalchangeindexfbrthefour sub－   

periods．Theresultsshowusthatthe districtshaveshifted仕omthemosttotheleast   

CategOrybetweensub－Periodsduring1979－1999，andvice⊥VerSa・Therewerenodistricts   

which can be considered as the soleinnovator or contributed to shift the ffontierin   

Bangladeshagriculture．  

However，therearesomedistrictswhichhaveshownpositivegrowthinallthe   

indexes and also featuredin thelist of the mostinnovative districts by both   

methodologies．Thesedistrictscanbechosenasthemodeldistrictsandthegovernment   

CanPlanastrategyto makeavailablethekn0wiedgeandexperienceofthesemodel  
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districtstothelowlyrankeddistrictstoimprovetheirproductivityaswellastoimprove   

theirtechnicalefnciencyandmakethemtechnologicallydevelopeddistricts．  
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Chapter3   

ConvergenceinBangladeshAgriculture  

3．1IntroductoryComments  

TheMalmquistproductivityindexlinBangladeshagricultureshowsthatduring   

thestudyperiod，1979to1999，SOmedistrictse再Oyedaveryhighproductivity，（e．g・，   

5・40％in Chittagong HillTracks），Whereas some districts had aslow as－2．5％（in   

RangpurandFaridpur）productivitygrowthratewhichshowsthemagnitudeofdisparities   

betweenthedistrictsinBangladesh．  

The overallgrowthin productivity at the nationallevelindicates slgni缶cant   

differences between those districts that have progressedrapidly and those that have   

laggedbehind．  

Thedifferencesintheratesofproductivitygrowthinthevariousdistrictsmaybe   

theresultofreglOnalinequalities・Therefbre，itisimportanttounderstandthelong－run   

movementinthedistrictlevelproductivitydifferencesandtakeeffectivemeasures（SuCh   

ashigherinvestmentinin血・aStruCture，reSearChanddevelopment，etC）．  

Topromotetheoveralldevelopmentoftheeconomyandtoreducethedistrict   

leveldisparities，thereg10naldevelopmentinBangladeshhas been oneofthemain   

O切ectivesofthegovernment・  

1pleasere良一toTable2．1．   



hthischapter，therefbre，Wefocusonthequestionofwhetherornottherehas   

beenatendencytowardsconvergenceinagriculturalproductivityinthelasttwodecades   

inBangladeshoverarepresentativecross－SeCtionofBangladeshidistricts．  

Weexaminethequestionraisedaboveuslngthedifferenttestsofconvergence．   

Asthecross－SeCtiontestsfbrconvergencehypothesissuchastheSigma（U）andBeta   

（β）convergenceareunlikelytoberobustduetoextremelysmalldegreesof＆eedom．It   

isalsoappropriatetoperformthetestbasedonpaneldata敵amework．  

Tilldate，thereis only one study，by Rahman（2005），On COnVergenCein   

Bangladeshagriculture．However，thedatasettheyusedfbrthestudyislittleoldandless   

numberofdistrictswasconsidered．Thisstudyincludesmoredistrictsandtheupdated   

datatoexaminetheextenttowhichthedistrictshaveconvergedintermSOfagricultural   

PrOductivity・  

Ourcontributiontotheexistingliteratureistoexplicitlytestfbrconvergencein   

agriculturalproductivity across Bangladeshidistricts fbr a paneldata set of twenty   

districts鈷om1979to1999uslng aVarietyoftestrecently developedfbrestimating   

COnVergenCeinpaneldatamodels・  

Theplanofthischapteris asfbllows：InSection3・2，We discussthevarious   

approachesforconvergencetest・Section3・3providesdiscussionoftheresultandits   

relationtoearlierstudiesonconvergence，andweseethattheBangladeshexperiencehas   

beensimilartothatinIndiaandChina．Section3．4concludeswiththeimplicationsofthe   

Study．  
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3・2 TestsofConvergence  

The neoclassicalgrowth modelwithout technology predicts convergencein   

OutPutPerWOrkerfbrsimilar，Closedeconomiesbasedontheaccumulationofcapital・   

However，eVenintheneoclassicalmodel，iftheexogenousteclm0logyprocessesfollow   

differentlong－runPathsacrosscountries，thentherewi11benotendencyfbroutputlevels   

toconverge・  

Ifdistrictswithlowlevelsofproductivity・atthebeginnlngOftheperiodgrow   

morerapidlythanthosewithhighinitialproductivity，COnVergenCeOCCurS，1mPlyingthat   

thepoorerdistrictsarecatchingup（Thirtleet．al．，2003）．  

Empiricalworkonconvergencehasgenerallyusedeithercross－SeCtionortime   

Seriestechmiques．Veryrecently，bothcross－SeCtionandtimeseriesmethodsoftesting   

COnVergenCehavebeenusedextensivelyintheliterature．  

3．2．1CrossSectionConYergeIICeTest  

Thecross－SeCtionanalysisfbcusesonthetendencyofcountriesorreglOnSwith   

relativelylowinitia11evelsofproductivity，eitherde凸nedasincomepercapita，labor   

PrOductivityortotalfactorproductivity，tOgrOWrelativelyfasterthanhigh－PrOductivity   

COuntriesorreglOnS・Ifthegrowthratesareregressedontheinitiallevelsofproductivity   

andthecoe仇cientisnegative，thereissaidtobeBeta（β）convergepce・  
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Atestofβconvergenceisconductedbyestimatingregressionswiththegrowth   

rateasthedependentvariableandtheinitiallevelofproductivityastheexplanatory   

variableasfb1lows：  

gfr＝α＋β‰＋㌔，  （3．1）  

WheregitistheproductivitygrowthrateofreglOnibetweenperiodstandt＋k，yLEisthe   

initialproductivitylevelintimet，αandβaretheparametersand gitisanerrorterm   

Withzeromeanandfinitevariance．Convergenceisfoundtoexistifthevalueofβis   

negativeandsignificant・Ontheotherhand，ifβispositivethereisdivergenceamong   

COuntriesorreglOnS．  

Thereisanotherconcept，theSigma（0）convergencewhichpredictsanarrowing   

disperSionofrealperCaPitaincome（productivity）acrossregionsorcountrieswiththe   

PaSSageOftime・Therefore，theαCOnVergenCeCOnCernSwithcross－SeCtionaldisperSion．   

Thetestof cTCOnVergenCeholdsifthecross－SeCtionalstandarddeviationofthelogof   

PrOductivitydecreasesovertime．  

3．2．2 PanelDataUnitRootTestfbrConvergence  

Asdiscussedinliterature，theempiricalresultsbasedon o‘andβCOnVergenCe   

tests are not umiformindicating a reservation on the validity of the convergence   

hypothesis（BernardandDurlauf，1996；EvansandKarras，1996；Quah，1993；）・  

RecentstudiesofLevinandLin（1992，2002），BernardandJones（1996），Evans   

and Karras（1996），Im et al．（1997，2003），and others have developed avarietyof  
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POWerfultooIsfbrconvergencetestsbasedonpaneldata・Thisnewtechniquefbrtesting  

mitrootsinpaneldataisapowerfu1tooIcomparedtotheunivariatemethodology・  

hourstudy，Weareinterestedinfindingoutwhetherthedifftrentdistrictsin   

Bangladeshhavemanagedtonarrowtheirtechnologygap・Toseethis，WeCOnSiderthe   

approachproposedbyBernardandDurlauf（1995），andBernardandJones（1996）for   

testingconvergenceandisbasedonthetimeseriespropertiesoftheproductivitygrowth   

SerleS．  

Here〉theissue ofconvergenceis examined bytestingwhetherthelong－run   

fbrecasts ofproductivity differences tend to zero as thefbrecastinghorizon tends to   

in点nity・Essentially，thislong－runCOnVergenCeCOnCernStheattainmentofproductivity   

equality．  

3．2．2．1BasicModel  

FollowingBernardandJones（1996），WeaSSumethattheproductionprocesscan   

berepresentedbyasimpleCobb－Douglasproductionfunctionwithconstantreturns’to   

SCale．WecanwritethelogoftheoutputinagrユCultureindistrictiattimet，1n鴇，aS：  

1n鴇＝1n4′＋α1n旦′＋（トα）1叫”  （3・2）   

Where4，isanexogenoustechnologyprocess，K；tisthecapitalstock，and Litisthe   

numberofworkersinagriculture．Weassumethat4tevoIvesaccordingto：  

（3・3）   1n4g＝γ∫＋入hpf∫＋1n4卜1＋g王”  
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Withγibeingtheasymptoticrateofgrowthofagricultureindistricti，Åparameterizing   

the speed of the catch－uP denoted by Lh，and8i，rePreSentS the reglOn SPeCi且c   

PrOductivity shock・We a1low qt，the catch－uP Variable，tO be afunction of the   

PrOductivity difEerentialin agriculturein districti丘om thatin districtJ；the most   

PrOductivedistrict，  

∧  

1nqr＝h4局，  （3．4）  

WhereahatindicatesaratioofavariableindistrictJ；themostproductivedistrictitothe   

SameVariableindistricti，1．e．，   

ぺf＝  
（3・5）  

Thisformulationofproductivitycatch－uPlmPliesthatproductivitygapsbetween   

districts are afunctionofthelaggedgqplnPrOductivity．Thechoiceofthesourceof   

CatCh－uPandthesimplediffusionprocessissub3ecttocriticism．DowrickandNguyen   

（1989）allowthecatch－uPtObedeterminedbylaborproductivitydifferentials；however，   

it seems appropriate to suppose that technologicalcatcll－uP may be occurrlng   

independentofcapitaldeepeming（BernardandJones，1996）．  

LevinandLin（1992）illustratedtherelativelystraightfbrwardtechniqueoftesting   

forunitrootsinpaneldata．Theirbasicfindingsaretwofold：（1）thatasbothNandTgo   

toinfinity，thelimitingdistributionoftheunitrootestimatoriscenteredandnormal，and   

（2）thatthepanelsettingpermitsrelativelylargepowerimprovements・  

Morefbrmally，COnSiderthefollowlnggeneralmodel，  

（3・6）   γf′＝朽＋βγ〟＿1＋g∫r，  
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Wherethe8it～iid（0，0・Z）and〃f～iid（IL，Oi）・Here，itisalsoassumed8i，has2・∂   

momentsfbrsome∂＞O andthat EpiEit＝O fbralliandt・Otherstandardregularity   

COnditionsareassumedtohold．  

∧  

Let p andtp betheOLSparameterestimateandトStatistic丘omaregressionof   

yit Onyiト1includingcountryspecificintercepts・Thelemma2provedbyLevinandLin   

alsoholdswhenacommontimetrendisincludedintheregression・  

3．2．2．2EstimationProcedure  

Inchapter2，WeCalculatedtheMalmquistproductivityindexesfbreachdistrict   

which was measured by using the Malmquist productivity index with respect to 

Sequentialf士ontiers・Therefore，fbrourmodel，1et Aft rePreSentagriculturalmultifactor   

PrOductivity（MFP）indistricti，i＝1，2・…：n，attimet・Thedistrictsontheffontiermay  

VaryeaChperiod，andthosewiththehighestlevelofMFP，inanyyear，formthereference   

group，withwhichallothersarecompared・Thisbestpracticegroupistermedtheffontier   

economyf；whichmaybeasingledistrict・MFPisassumedtodevelopaccordingto：  

（3・7）  ＋h4ト1＋giり   1n4f＝γ∫＋入1n  

2Lemmal（LevinandLin）：Whenll＝Oando一三＝0（i・e，theunitrootprocesseshavenodrift），ifNand  

正義β・正面諒⇒Ⅳ匝，1）・  

TgotoinBnitywithJk／Tgoingtozero，TJW（bp（1－f））⇒N（？，10・2），   
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Whereγlistheasymptoticrateofgrowthofdistricti，theparameter入characterizesthe   

SPeedofcatch－uP，Whichisafunctionoftheproductivitydifferentialbetweendistricti   

anddistrictfand8itistheerrorterm・Equation（3．7）impliesthatMFPineachdistricti   

may potentially grow either as a result of sector specific growth or as a result of 

technologytransfer・Ifdistrictsiisthemostproductivedistrict，thereisnotechnology   

transferandequation（3．7）becomes，  

h4㍉γ′＋hd糾＋g封  （3．8）  

COmbimingequation（3・7）and（3．8），givestheexpressionfbrrelativeMFPsonwhichtlle   

testsarebased，  

（3・9）  

1n（告トγ′）＋（1－叫告巨f・  

Thisequationcanbeestimateddirectly，andtheaugmentedDickey－Fuller（ADF）   

test with a driftis used to perfbrm the test・Ifthereis no catching up（入＝0），the   

difference between MFPin districtiandin districtfwillcontain aumitroot（non－   

Stationary）・Thismeansthatproductivitylevelswi11pemanentlygrowatdifferentrates   

andnoevidenceofconvergenceisfbund．  

In contrast，if入＞0，the difference between the technologylevelsin the two   

districtswi11be stationary，indicating evidence of convergence andimplying that  

productivitydifferencesshouldvanishinthelong－run・ThedrifHem（γL－γl）will  

typicallybesmallbutnon－ZerOifthedistricts，technologleSaredrivenbyadifferent   

process（thatis，a nullhypothesis of no convergence）・Under the hypothesis of  

COnVergenCe，γi＝γfisplausible・Therefore，0nlyif入＞Oandγi＝γIWilldistricts   

COnVerge・  
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3．3 EstimationResults  

3・3・1BetaConvergenceTest  

Totestβconvergence，WeregreSSedthegrowthrateofproductivitywiththe   

initiallevelofproductivityandaconstantasmentionedinequation（3．1）．Theresultsof   

thistestarereportedinTable3・1・Theestimatedparameter，thecoe比cientoftheinitial   

PrOductivitylevel，is negative and significant atl％confidencelevel．Therefbre，the   

resultsprovidestrongevidencethatagriculturalproductivityinBangladeshatdistrict   

levelhasconverged・Inotherwords，districtswithinitialpoorlevelofproductivitygrew   

fasterandarecatchingupwiththehighproductivitydistricts．  

Table3・1：TestingfbrBeta（β）Convergence  

Period   Variable   Coe任icient   SB   t－Statistics   R－Squared   

1979－1999   α   1．0408   0．0034   308．225＊   0．91  

β   －0．0392   0．0028   －13．925＊  

Note：＊denoteslgnificantatl％1evel・  

3．3．2 SigmaConvergenceTest  

AsmentionedbySala－i－Martin（1996）thatβconvergenceisanecessarybutnot   

asufficientconditionfbr cT COnVergenCe．Further，βconvergencedoesnotguaranteea   

reductioninthedistributionofdispersionamongmulti払ctorproductivitygrowthrates．  
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Theresults丘om cr convergencetests，thecrosssectionalstandarddeviationsfbrthelog   

OfMFPovertime，areShowninFigure3．1．  

It seems apparentthat overall，therehas been a decreaseinthe cross－districts   

dispersionofMFPinagricultureovertheentiretimeperiod・Themovementhasbeen   

Very uneVen，With sharplnCreaSeS fb1lowed by slgnificant declinesin productivity   

disperSion・  

Figure3．1：Sigma（0）convergence：StandardDeviationoftheLogarithmofMFP  

TherearetwodistincttrendsthatcanbeobservedintheFigure3．1．Firstly，血om   

1980til11990therehasbeenveryunevenmovementwithsharpfluctuationsin1984・   

Secondly，ffom19900nWardsthereisadecreaseinMFPdispersionexceptin1993and  

1997・ThedispersionleveldecreasesfromO・26atthebeginnlngOftheperiodtoO・08in   

1999．  
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Ourresultsono・COnVergenCeteStShowsthatagriculturalproductivityatdistrict   

levelinBangladeshisconverging，Whichfurthercorroboratetheresultobtainedfromβ   

COnVergenCeteSt．  

3・3・3 PanelBasedComvergenceTest  

Oneissuetobeconsideredwhentestingfbrconvergenceuslngthetimeseries   

appro？Chishowtochoosethebenchmarkdistrict・BernardandJones（1996）arguedthat   

thechoiceshouldnotmatter，butinsma11samples，itwi11bemoreappropriatetousethe   

mostproductivedistrictatthebeginnlngOfthesample．Inourstudy，Barisaldistrictis   

usedasthebenchmarksincetheyhavethehighestproductivitylevelatthebeginnlngOf  

thestudyperiod3・  

Further，tO C甲reCtforpossibleserialcorrelation，alaglSincludedinequation   

（3・9）．The most叩PrOPriatelaglengthisthen chosen according to the Schwarz   

infbrmation criterion．However，the results駐om uslng differentlaglength are very   

Simi1ar．OurresultsftomthepanelunitroottestarereportedinTable3・2・  

The value of estimated coefncient（ト入），i・e・，COefficient of thelagged   

agriculturalMFP，is－0．9991，Whichindicates that thevalue of入isl・9991・The t－   

Statistics（－18．6129）r可ectsthenullhypothesisofaunitrootand，therefore，dispersionof   

PrOductivityisstationaryprovidingstrongevidencethatthedistrictsdoexhibitlong－run   

COnVergenCe．Thus，theunitroottestsupportstheconventionaltestandprlmarilywecan   

COnCludethatthereisevidenceofconvergence．  

3pleaserefertoAppendixII（TableAユ）．  
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Table3．2：PanelUmitRootTest伽rCoIIVergenCe  

Variable   Coe班cieIlt   SE   t－Statistics   

（γf－γ′）   
0．0070   0，0099   0．7096   

（1一入）   
－0．9991   0．0537   －18．6129＊   

Note：＊denoteslgniBcantatl％level．  

Further，thedriftterm（γi－γF）isO・0070whichisverysmal1andthatcanbe  

treatedasapproximatelyzero・Thenu11hypothesisthatthedrifttermiszerocannotbe   

r再ectedatl％confidencelevel，therebycon銭rmingthatγi＝γf・Therefbre，boththe   

COnditionofÅ＞O andγL＝γf holdinourcaseandjointlyconfirmthatthereisstrong   

evidenceoflong－runCOnVergenCeamOngdistricts・Wecan点nallyconcludethatthereisa   

tendencytowardsconvergenceamongdistrictsinBangladeshagriculture・Tosupportour   

argument，We draw FigureAl（inAppendixⅢ）whichshows thesimilarpattern of  

productivitygrowthratesamongselecteddistricts40Vertime・FigureAlalsoindicates   

theexistenceofconvergenceinthelong－runinBangladeshagriculture．  

Our員ndingsonproductivityconvergenceinBangladeshshouldnotbetreatedas   

exceptional・Thereismixedevidenceofconvergenceinagriculturalproductivityandits   

COmPOnentSinbothAsiaandAfrica．  

For example，Mukhedee and Kuroda（2003）noted thatthereis evidence of   

COnditiona1long－run COnVergenCein agriculturalproductivity among states of hdia   

towardsanall－hdiaaverageTFPestimate．Wu（2000）foundthatoverallTFPgrowthin  

4wechoosesixdistricts）threeeachaboveandlessthanthenationalaverage，tOmakethegraphless  
CrOWded．Theotllerremalnlngfburteendistrictsalsoshowsthesamepattern．  
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ChinahasshownslgnSOfconvergencesincethe1990swithtechnicalefnciencyacross   

reglOnShavingconvergedasearlyasthe1980s．  

Ontheotherhand，TeruelandKuroda（2005）indicatesthatproductivitygapsare   

notnarrowlngOrlessproductivereg10nSarenOtCatChing－uPtOmOStPrOductivereglOnOr   

even to average regionin the Philippine agriculture．Thirtelet al．（2003）found no   

evidence ofconvergence among18districts ofBotswana．Using apanelof18Asian   

COuntries，SuhariyantO and Thirtle（2001）found empiricalevidence ofproductivity   

divergence．  

Veryrecently，Rahman（2005）attemptedtoexamineconvergenceinBangladesh   

agriculturefor16districts血om1964to1992．ThedatasetusedinRahman（2005）were   

taken丘omDeb（1995），andthestudyperiodstartswhenthegreenrevolutiontechnology   

WaSintroducedinBangladeshagriculture．Ourresllltscorroboratewiththefindingsof   

Rahman（2005），Who concluded that divergence among regions disappeared and   

agriculturalproductivityreachedconvergenceinthelong－run．  

3．4 ConcludingComments  

Thischapteranalysesconvergenceinmultifactorproductivity（MFP）growthin   

BangladeshagrlCultureacrosstwentydistrictsffom1979to1999・Weusedbothcross－   

SeCtion and time－Series tests to determineifthereisnarrowlng down ofproductivity   

dispersionorcatchuplnreglOnalproductivitytoacertainlevel・  

Ourresults showthattheestimatedparameterβ，thecoe舐cientoftheinitial   

productivitylevel，is negative and signiBcantindicating convergencein growth of  
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reglOnalproductivity・The cr convergence test，Which was calculated by the cross－   

SeCtionalstandard deviations for thelog of MFP，COnBrmed that the productivity   

differences among districts are narrowlng OVertime．Thepanelunitroottestfurther   

Showed that divergence among districts disappearand agriculturalproductivityreach   

COnVergenCeinthelong－run．  

Thisis a positive finding，丘om a policyperspective，aSitimplies possible   

reductioninreglOnalinequalityinagrlCulturalproductivityinthelong－run・However，this   

resultraisesaquestion：Whetherconvergencetookplaceduetotheslowlngdownofthe   

mostproductivedistrictstomatchgrowthperformanceofthelessproductivedistricts   

insteadofthelattergroupcatching－uPWiththeh・Ontier・Furtherresearchshouldaddress   

theseissueswhichwi1lremainachallenglngtaSkfbrthepolicymakersinthefuture・  
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Chapter4   

Causality between Capital Investment and Productivity in 

JapaneseAgriculture，1957・97＊  

4．1 ⅠmitialComments  

Japaneseagriculturehasexperiencedarapidgrowthinproductivityffomthemid   

1950s to the early1970s．The growth rate wasl．52％for theperiod1957－71．  

Concurrently，CaPitalinvestmentlinJqpaneseagriculturealsogrewata叩idrateduring   

thesameperiod．Thegrowthrateofcapitalinvestmentwas5・56％between1957－71・This   

indicatesthat‘learnlng－by－doing’and‘technologicalspillover’processmayhavebeen   

WOrkingduringthisperiodin－Japaneseagriculture・  

However，0Verthepasttwodecadestheproductivitygrewatarelativelylower  

ratecomparedtotheearlierperiod・2Between1972－84and1985－97，theannualaverage  

growthrateofproductivitywasO．18％andO・12％respectively・Wehavealsonoticedthat   

the growthrateofcapitalinvestmentperyearhascontinuouslydecreaseddmingthe  

sameperiod・3Thegrowthratewas2・79％duringthe1972－84periodanditbecame  

negative（－0．38％）in1985－97period・Thereasonforthedecreasingtrendsinproductivity   

growthratesandcqpitalinvestmentduringthisperiodmightbebecauseoftechnological  

＊ThischapterisbasedonRahmatullahand払1rOda（2005）・  

1capitalconsistsofmachinery，0therlnPutS，andland・OtherlnPutSincludebuildingsandstructures，  
plants，andanimaユs・  

2ReftrtoTableA3（inAppendixII）forTFPgrowthratefortheperiod1957－97amongthedifferentsize  
Classe5．  

3RefertoTabユes4・2and43forcapitalgrowthratefbrthe1957－97period・   



regression，decreaseindemandfbr agriculturalcommodities，andincreasein costs of   

machinery inputs and farm buildings and structures. 

Thus，itisinterestingtonotethatbothcapitalinvestment andproductivityin   

JapaneseagrlCulturehadfairlyhighgrowthratesuntilthe1970sandthenafterwardsit   

Started decreaslng tillthe end of the period under study・Why have both capital   

investmentandproductivitygrowthratesbeenincreaslnganddecreaslngSimultaneously？   

WhathasbeentheconnectionbetweencapitalinvestmentandproductivityinJapanese   

agricultureduringtheperiodsofrapidandslowgrowth？Dotheycauseeachother，andif   

SO，theninwhichdirection？  

To analyzeeconomicaspectsofthegrowth，Anow（1962），Sheshinski（1967），   

andRomer（1986）developlearningLby－doingmodelswhichpostulatethatalevelof   

teclmicalknowledgeisapproximatedbyanaccumulatedlevelofthecapital，andthatthe   

knowledge spills over an entire economy・Thus capitalinvestment generates   

technologicalprogressthroughthelearnlng－by－doingandthespilloveridea・  

Oniki（2001）usedtheGrangercausalitytestsandfoundthattheproductivity   

growth associatedwith capitalinvestment onJapanese rice production andfurther   

SuggeStedapositivepublicinterventionstoprovideincentivestoinnovativeproducers・   

These丘ndingsleadustoinvestigatethelongィunrelationshipbetweentheproductivity   

andcapitalinvestmenttoconfirmthelearnlng－by－doingprocessinJapaneseagriculture   

foraggregatedoutput．  

Therefore，itisofgreatinteresttotestfbrthecausalitybetweenproductivityand   

capitalinvestment．Accordingly，theobjectiveofthisstudyistoinvestigatethecausal  
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relationshipbetweentotalfactorproductivity（TFP）andcapitalinvegmentinJapanese   

agriculturefbrthe1957－97period，andtofindoutthedirectionofcausality・  

We have found that a substantialnumber of studies on postwarJapanese   

agriculturalproductivityhavebeencarriedoutbyYamada（1982，1984），Yamadaand   

Hayami（1979），YamadaandRuttan（1980），Kuroda（1988，1989，1997），VanDerMeer   

andYamada（1990），andIto（1992），tOnameOnlyafew・Theirworkswerefbcusedon   

measurlng and decomposition ofTFP，1inking the growth ofTFP to the theory of   

PrOduction，biased technologicalchange，and factor demandin postwarJapanese   

agrlCulture，etC・However，Wehavefbundthattherehavebeenfewattemptstoestablisha   

relationship between TFP and the variables that explain TFP growth in Japanese 

agriculture．  

LikemanypaperSOfthepastthispaperalsomeasuresTFP；however，itdiffersin   

afewaspects・Ithasusedalargersamplesizeafterthepostwarandusedpooleddata・   

This paperusedthemultilateralindexproposedbyCaves，ChristensenandDiewert  

（1982）（hereaftercalledtheCCDmethod）4tomeasurethetotaloutput，tOtalinputand  

TFPindexes．ThispapermeaSureStheaggregatedoutputindex匝hichconsistsof丘ve   

outputs）andtheaggregatedinputindex（whichconsistsofBveinputs）formeasuringthe   

TFPindex．  

There have been several studies on the causality concept in intemational 

agriculturaleconomics，Whichinclude test ofthe export－led growthhypothesis，the   

inducedinnovationhypothesis，PrlCedynamics，marketintegration，andlinkagesbetween  

4TheCCDmethodismostrelevantfbrtheestimationoftheT6rnqvistindexfbrapooledcross－SeCtionofa  
time－Seriesdataset．ThisprocedurewasusedinKuroda（1988，1989，1997）inestimatingTFPindex・  
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themacroeconomyandagriculturq．However，thereareveryfewstudiesonthisissueon   

Japaneseagriculture．  

0miki（2001）usedthetime series－basedeconometricanalysisonJapaneserice   

PrOductiontoprovideevidencesupportingthetechnologicalchangeprocpssoflearnlng－   

by－doing and technologicalspillover．Thelearnlng－by－doing effectwas confirmedby   

COintegrationbetweenthecapitalandthetotalfactorproductivityandthetechnological   

SPillovereffectwasconfirmedbytheGranger（1988）causalitytestsfbrtheTFPoflarge－   

SCaleproducersandthatofsmall－SCaleproducers．  

Ithasbeenfoundthatmostoftheearlierstudiesoncausalityusedtimeseries   

data．Recently，therehavebeenafewstudies onfbrelgndirectinvestmentandtrade，   

effect of publicinfrastruCture On PrOductivity，and between agriculturalR＆D and   

PrOductivitywhichhaveusedpaneldatatotestforcausality・  

Schimmelpfennig（1992）extendsGranger’stesttohandlepaneldatainalinear   

model．SchimmelpfennigandThirtle（1994）presentedarestrictedversusunrestricted   

modeltotestGrangercausalitybetweenTFPandR＆DexpendituresforthetenEuropean   

Countries（EC）and the USA．This study fb1lows the Schim叩elpfunigand Thirtle’s   

（1994）modelto test causality between TFP and capitalinvestmentinJapanese   

agriculture．  

Thispaperdiffersffompastresearchinseveralways・Itisthe血stpapertouse   

causalitytestingbetweenTFPandthevariablesthatexplainTFP，i・e・，CaPitalinvestment，   

inJapaneseagricultureforaggregatedoutput・Inthewayofcausalitytesting，WeWill   

deriveacapitalandTFPindex・  
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Whilederivingthecapitalindex，Wewi11usetwomodelstocheckthebehaviorof   

land（doesitplayafixedinputroleornot？）．Thispaperattemptstotesttheexistenceofa   

long－run relationship between TFP and capitaland the direction oftherelationship   

betweenthem．  

Therestofthispaperisarrangedasfollows・Section4・2presentstheanalytical   

ffamework．Section4．3describesthesourcesandde銭mitionsofthevariablesandthedata   

usedin this study・Section4．4containsthe empiricalresults and analysis．Finally，   

COnClusionsaredrawninSection4．5．  

4．2 AnalyticalFramework  

Theanalysispresentedinthisstudyisbasicallydividedintotwoma］OrPartS・The   

firstpartwi11dealwiththemeasurementofproductivityinJapaneseagriculture・While   

measurlngPrOductivity，itwi11investigatethemovementsintotaloutput，tOtalinputand   

totalfactorproductivity（TFP）fbraveragefarmsoffbursizeclasses，0・5－1・0（Ⅰ），1・0－1・5   

（ⅠⅠ），1．5－2．0（III），and2・Ohectaresorlarger（Ⅳ）forthe1957－97period・Thesecondpart   

Willinvestigatethedirectionofcausalitybetweenthecapitalinvestmentandproductivity・  

4．2．1ProductivityMeasurement  

InordertodrawanoverallperspectiveontheJapaneseagriculturesector，tOtal   

OutPut，tOtalinput，andTFPindexesarecomputedfbrthetotalaveragefarmofthefour   

sizeclassesbyuslngthesharesofthenumberoffarmhouseholdsasweights・  
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Forthemeasurementoftheindexesoftotaloutput，tOtalinput，andTFP，the  

COnVentionalDivisia aggregation procedureis employed・5The Divisiaindexes for  

aggregateoutput（Q）andinput（F）aredefinedintermsofproportionalratesofgrowth  

（eandダ）as  

e＝享碧・占ノ ■   

ダ＝∑苧・嘉  ●               王  

（4．1）  

and  （4．2）  

WhereqjandQjarereSPeCtivelythepriceandquantityofoutputj；雪and考  

arerespe？tivelythepriceandquantityofinputi；R＝∑qjQj，thetotalrevenue；  
J  

C三∑pxi，thetotalcost；andQjandXiaretheproportionalratesofgrowthofoutput  
l   

］andinputi，reSPeCtively．  

SinceTFP＝Q／F，theproportionalrate ofgrowthoftotalfactorproductivity  

（TFP）isdefinedby  

7アP＝e－ダ  （4．3）  

Theformulas（4・1）to（4．3）are，however，intermsofinstantaneouschanges．The   

data to be usedin this study are available at yearlyintervals．TheT6rnqVist（1936）   

discreteapproximationprocedureisthenintroducedtothefbrmulas（4．1）and（4．2）．  

Ahe己1n（紛糾両1n （封  
（4．4）   

5ThefbrmulationdrawsheavilyonDennyetal（1981，PP．187－188）andKuroda（1989，PP．148）．  
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Alnダ封n（計か＋叫 封  （4・5）   

WhereRj＝ ，therevenueshareofoutputj；Si＝ ，thecostshareof  

lnPuti；andtdenotestimeperiod・Thecorrespondingdiscreteapproximationtofbrmula   

（4・3）isgivenby，  

△7アP＝Alne－△1nダ  （4．6）  

Using（4・4），（4・5），and（4・6），theindexesoftotaloutput，tOtalinput，andTFPwi11   

bemeasuredfbrtheaveragefarmineachsizeclasstogetherwiththetotalaveragefbrthe   

1957p97period・ThisstudyusestheCCDmultilateralindexproceduretomeasurethe   

indexesoftotaloutput，tOtalinput，andTFP・  

4．2．2 CausalityTesting  

Totestthenullhypothesisthat‘xdoesnotcausey，，WeregreSSyagainstlagged   

Valuesofyandlaggedvaluesofx（unrestrictedmodel），andthenregressyonlyagainst   

laggedvaluesofy（restrictedmodel）・TheLagrangemultiplier（LM）testcanthenbeused   

to determinewhetherthelaggedvaluesofxcontributeslgmificantlytotheexplanatory   

POWerOfthefirstregression．Iftheydo，WeCanrejectthenullhypothesisandconclude   

thatthedataareconsistentwithxcauslngy・Thenullhypothesisthat‘ydoesnotcausex’   

isthentestedinthesamemanner．  

J乃 J乃  

Unrestrictedmodel‥yiL＝Pi＋芸yit－jaj＋芸nt－jPj＋uit  
（4、7）   
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Restrictedmodel： yit＝朽＋  （4．8）  γ叫αJ＋‰  

Forthisstudy，intheaboveequations（4．7）＆（4．8），yandxrepresentTFPand   

CaPitalrespectively，j＝1，…．，m，1S the numberoflags chosen，irepresents the size   

Classes，SO the FLE are Size class spec漬c fixed effects，tis the numberofyears of   

Observations and each uit Satis鮎s the classicalzero conditionalmean，nO Serial   

COrrelation and homoscedasticity assumptions．The assumptionmadehereis that the   

COe班cientsαiandβjarethesameacrossthesizeclassesinthesample・  

ItispossibletotestdifEerentnumbersoflagsofTFPandcapitaltogetherinthe   

Paneldatamodel，butthereisno員nalpredictionerrorcriterion，SOWeuSethecommon   

assumptionthatthelagsofTFPandcqpitalshouldbethesame．  

The estimation problem for this model is that fixed effects panel data 

SPeCiBcationswithlaggeddependentvariablesyieldinconsistentresults．However，OnCe   

the銭Ⅹedeffectsareremovedbythestandardtechniqueoffirstdifferenclng，thepooled  

datamodelbecomeconsistent．Thenthemodelis，6  

J乃 J川  

和r＝芸軋αノ＋芸叫－ノβノ叫  
（4・9）  

Sincewewi11betestingcausalitybetweenTFPandcapital，theequationcanthus   

berewrittenas：  

111 ／乃  

△呵＝芸△呵－ノαノ＋芸吼ノβノ叫  

111 J〃  

叫＝芸吼か芸△昭一ノβノ＋Vf  

（4．10）  

（4．11）  

6 
TheformulationisgiveninD．SchimmelpfemigandC．Thirtle（1994），“CointegrationandCausality：  

ExploringtherelationshipbetweenagriculturalR＆DandProductivity”，PP・228・  
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For there to be unidirectionalcausality丘om capitalto TFP，the estimated   

COe班cientonlaggedcapital（K）inequation（4・10）shouldbesigmificantlydifferentfrom  

zeroasagroup（∑βj≠0），andthesetofestimatedcoefncientsonlaggedTFPinthe  

equation（4・11）shouldnotbesignificantlydifferent＆omzero（∑oj＝0）・  

Bidirectionalcausalityissuggestedwhenboth∑βj≠Oin（4・10）and∑oj≠O  

in（4・11），andind甲endencewhenbothsetsofcoefficientsarenotsign泊cantlydifferent   

丘omzero．  

Totestthejointsignincanceoftheβj’s，theLMteststatisticfbrtherestricted  

versustheunrestrictedmodeliscomputed7・Thisstatistichasax21imitingdistribution，  

withdegreesoffreedomequaltothenumberofβj，s，Whichisnumberoflags（m）8・  

Fortheestimationofequation（4．10）＆（4．11），Weneedtohavetwo seriesof   

indexes：TFPandcapital．TheindexofTFPwillbecalculated血■Omequation（4・6）・There   

willbe two modelswhilecalculatingcapital．Inmodelone，CaPital（Kl）consists of   

machinery，Otherinputs，andland．hmodeltwo，CqPital（K2）willconsistalltheabove   

variablesexceptland・1恥edeterminationofcqpitalstockwi11fbllowthesameindexation   

procedure as aggregate input. 

Aln∬＝1n（封＝か槻）h （封   
（4・12）   

旦二旦 
whereKrepresentscapital；ML＝ ，thecostshareofcapitali；qandDLare  

r  

respeCtivelythepriceandquantityofcapitali；T＝∑GiDl，thetotalcost；andtdenotes                                                                             I  

7RefertoMaddala（1992）andPindyckandRubinftld（1998）・  
BDickeyandFu11er（1981）umitrootwastestedfbreachvariabユeandwehavefbundthatanthevariables  
areintegratedoforderoneandtherefore，thenullhypothesisofaunitrootisaccepted・  
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timeperiod・TheCCDmultilateralindexprocedurewillbeusedtoconstructtheindexof   

CaPital．  

4．3 Ⅰ）ata  

Thedatarequiredfbrtheestimationofthemodelarethetotalcost，tOtalrevenue，   

theprlCeS and quantityofoutput，theprlCeS andquantityofinput，reVenueShareof   

OutPut，andcostsharesofthe蛍vefactorlnPutS：labor，maChinery，intermediateinputs，   

1and，andotherlnPutS．  

Eleven differentitems of outputs were classi鮎dinto鎖ve categories：rice，   

Vegetables，丘uits，livestock，andothers，tOCOnStruCttOtaloutput・Otheroutputsinclude   

Wheatandbarley，grainsandbeans，Variouspotatoes，industrialcropssuchastea，rice   

StalksandprocesslngOfricestalks，andothercrops・Thebaseofallindexeswassetat   

1985values．  

As we mentioned earlier，POOled datais used forthis study．Tomeasurethe   

quantityandprlCeindexesoftotaloutputandtotalinput，amultilateralindexproposedby   

Caves，Christensen，andDiewert（1982）（CCD）isemployed・  

Totalrevenue，thevalueofoutputsandpriceindexes（1985＝100）ofthevarious   

OutPutSaregiveninthedataseries・Therevenueshare（札）wasobtainedbydividingthe   

revenueoneachcategoryofoutputs（PiQi）bythetotalrevenue岬）．  

Thequantityandpriceindexesofmachinery軌andPM），intermediateinputs笹   

andPI），andotherinputs（範andPo）werealsoconstruCtedbytheCCDmethod．Inthese   

COmPutations，the costofmachinery（P九晶）was de伽1edasthesumofthecostsfor  
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machinery，energy，andrentals；thecostofintermediateinputs鞠）asthesumofthe   

expenditureonftrtilizer，Seed，agrOChemicals，materials，Clothes，andothers；andthecost   

Ofotherinputs（PoXb）as the sum ofthe expenditureson animals，Plants，andfarm   

buildingsandstructures・ThenecessarydataweretakenffomtheFHE．haddition，the   

PrlCedatanecessaryfbrcomputingtheCCDindexeswereobtainedffomthePWRV．  

Thequantityoflabor穐）wasde点nedasthetotalnumberofmale－equivalent   

laborhoursofexchange，fami1y，Permanentandtemporaryhiredworkers・Thenumberof   

male－equivalentlaborhoursbyfemaleworkerswasestimatedbymultiplyingthenumber   

Offemalehborhoursbytheratiooffemaledailywageratetomalewagerate，Whichwas   

ObtainedannuallyfromthePWRV・Thepriceoflabor（鞍）wasobtainedbydividingthe   

Wagebill氏〉rtemPOraryhiredlaborbythenumberofmaleequivalentlaborhours of   

temporaryhiredlabor．Thelaborcost勘ン粗）wasde丘nedasthesumofthelaborcostfbr   

exchangeandfamilyworkers，andthewagebillforhiredlabor．  

Thequantityofland（範）wasde缶nedasthetotalplantedarea．Thepriceofland   

げT）wasobtainedbydividingthecostfbrrentedlandbytherentedlandarea（1000Yen   

perlOareas）・Landcostiscomputedasfollows：CXT＝（PT・Ⅹ1）＋Ⅹ3＋Ⅹ4：   

WherePT＝Ⅹ3／Ⅹ2；   

Xl：Ownarablelandarea［Ⅹ1＝Totalarablelandarea－Rentedlandarea］．   

X2：Rentedcultivatedlandarea．   

X3：Rentpayment．   

X4：Expenditureonlandimprovementsandwateruse・  
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Finally，thetotalcost（C）wasde銭nedasthesumoftheexpendituresonthese   

5  

Bvecategoriesoffactor．inputs，i・e・C＝芸RXL 匝here，i：Land，Machinery，  
htermediateinputs，Labor，andOtherinputs）．  

Thecostshare（Si）wasobtainedbydividingtheexpenditureoneachcategoryof   

factorinputsU，iXi）bythetotalcost（C）・  

4．4 EmpiricalResultsandAnalysis  

This section discusses the results fbund血om productivity measurement and   

CauSalitytesting．Theempiricalresultsandinterpretationsarepresentedinthefollowlng   

Sub－SeCtions．  

4．4．1ResultsoftheProductivityMeasurcment  

Theestimatesoftheindexesoftotaloutput，tOtalinput，andTFParepresentedin   

graphic formin Figure4・1，4・2，and4・3，reSpeCtively・Accordingto Figure4・1，tOtal   

OutPutincreasedina11sizeclassesforthe1957－97periods，althoughtheratesofgrowth   

are apparently different among the size classes. 

hthesmal1estsizeclass（Ⅰ），tOtaloutputofaveragefarmsdeclinedinthelate   

1970s，andthenitbecamealmoststagnant．TotaloutputofaveragefarmsinsizeclassII   

alsostarteddecliminginthelate1970s，andcontinuedtodeclinetilltheendofthisstudy   

Period．However，tOtaloutputofsizeclassIIIcontinuedtoincreasetill1985，andthen   

Starteddeclining．Totaloutputofaveragefarmsinthelargestscalefarm（IV）increasedin  
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generalthroughoutthestudyperiod，andgrowthoftotaloutputofthissizeclasswas   

remarkablecomparedwitユ1thoseoftheotherclasses．  

Figure4．l：IndexesofTotalOutputs（1957－97）  

hFigure4・2，WeSeethatthepatternsofgrowthoftotalinputseemtohavebeen   

differentamongdifferentsizedasses・Totalinputofthelargestsizeclass（Ⅳ）slightly   

declinedin the early1960s，andimmediately after thatit started growlng and grew   

COminuouslythroughoutthestudyperiod．Thegrowthoftotalinputoftheotherthreesize   

Classes（l，II，andⅡⅠ）didnotincreasecomparedtothegrowthofthesizeclassIV．  
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Figure4・2：IndexesofTotalInputs（1957－97）  

Finally，themovementofTFPisglVeninFigure4・3・Thegraphshowsthatthe   

PatternSOfthegrowthofTFParealmostsimilaramongallsizeclasses．Until1970s，the   

growthofTFPinsmallersizeclassesgrewatafasterratecomparedtothelargersiz   

Classes・From1980s，thegrowthofTFPinallsizeclassesshowssamepattern・  

Figure4．3：hdexesofTotalFactorProductivity   



Table4・1showsthegrowthrateoftotaloutput，tOtalinput，andTFPfbrallsize   

Classes・TheannualgrowthratesofTFPinsizeclassIII（0．92％）wasgreaterthanthose  

inothersizeclasses．9  

Table4・1：GrowthRatesofTota10utput，Totalhput，andTFP（1957・97）  

SizeClass  ●  ●  

TotalOutput（Q）（1）  Total血put（ダ）（2）   7二戸ア（3）＝（1ト（2）   

0．5－1．0（Ⅰ）   0．2315   －0．5298   0．7613   
1．0－1．5（ⅠⅠ）   0．5357   －0．3233   0．8590   
1．5－2．0（ⅠⅡ）   1．0324   0．1171   0．9153   
2．0－…（Ⅳ）   2．2318   1．3308   0．9010   
Average   1．0079   0．1486   0．8593   

Note：（Unit：％）  

4・4．2 ResultsofCausalityTesting  

Capitalindexofal1thesizeclassesareglVeningraphicforminFiguresA2and   

A3（SeeAppendixIII）・Thegrowthratesofcapitalamongthedifftrentsizeclassesare   

CalculatedandgiveninTables4．2and4．3．  

Table4．2：GrowthratesofCapital（Kl）AmongSizeClasses．（Unit：％）  

Year＼Size   0．5－1．0   1．0－1．5   1．5－2．0   2．0－一一OrmOre  Average   

Class   hectare（Ⅰ）   hectare（ⅠⅠ）   hectare（III）  hectare（Ⅳ）   

1957－1971   5．6322   6．1850   5．3655   5．0490   5．5565   

1972－1984   1．8227   1．8578   2．9625   4．5006   2．7859   

1985－1997   －0．4959   －0．7898   －0．9431   0．7081   －0．3801   

1957－1997   1．6373   1．7110   1．9301   3．0825   2．0902   

Note：Capital（Kl）consistsofmachinery，1and，andotherinputs・  

9Theseestimatesarewithinareasonablerange，COmParedwiththeotheTStudiesforJapaneseagriculture・  
Duetothesubstantialchangesinaveragefarmsizeofsamplefarmersin1992and1995＞therewasasharp  
decreaseintheTFPindexfbrallthesizeclassesin1993andin1996，eXCePtfbrthesizeclassIV，thethree  

Othersizeclasses（Ⅰ，ⅠⅠ，andIII）hadfurtherdecreasesinTFPmeasurement・  
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Wehavedividedthestudyperiod（1957－97）intothreesub－Periodsinorderto   

understandthedecreaslngtrendinthegrowthrateofcapitalamongthedifferentsize   

Classes・FromTable4weseethatthegrowthrateofcapitalisdecreaslnglnallthesize   

Classes・Duringthefirstsub－Period（1957－71），thegrowthrateofcapitalwasveTyhigh   

amongallthesizeclasses・Thisismainlybecauseoffarmmechanizationandincreased   

utilizationoffertilizer，andagrochemicalsinJapaneseagriculture・Thereafter，thegrowth   

ratestarteddecreasingandbecamenegativeinthethirdsub－Period（1985－97）inal1the   

SizeclassesexceptsizeclassⅣ．Thisisbecauseofsmaller－SCalefarmsdecreasedtheir   

usageoffertilizer，agrOChemicals，andfeed．Table4．3alsoshowsthesameresultwhere   

CaPitalconsistsofmachineryandotherlnPutS・  

Table4・3：GrowthratesofCapital（Eヱ）AmongSizeClasses．叩mit：％）  

Year＼Size   0．5－1．0   1．0－1．5   1．5－2．0   2．0－－－OrmOre  Average   

Class   hectare（Ⅰ）   hectare（叫   bectare（ⅠⅢ）  hectare（IV）   

1957－1971   8．5891   9．1036   7．9764   7．5146   8．2959   

1972－1984   2．6044   2．6582   4．0645   5．7830   3．7775   

1985－1997   －0．4882   －0．7975   －0．9027   0．6697   －0．3796   

1957・1997  2．6476   2．7188   2．9536   4．1659   3．1214   

Note：Capital（Kl）consistsofmachinery，andotherinp11tS．  

Wehave derivedTFPindexfromproductivitymeasurement section（equation   

4・6）・WehaveusedlagsofTFPindexandlagsofcapitalindextotestcausalitybetween   

tbem．  

Thetestresults ofthe GrangercausalitybetweenTFP andcapital，aSWe11as   

C叩italandTFParepresentedinTable4．4andTal）1e4・5・  
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ThefirstcolumnofTable4．4showsthenumberoflagschosenforcapitalin   

explainingTFPorTFPinexplainingcapital・Thesecond，andthirdcolumnsreportthe   

calculatedvaluesofthex三teststatisticsfbrtheslgniBcanceofincreasinglylongerlags   

OfcapitalinexplainingTFPandtheslgniBcanceofincreaslnglagsofTFPinexplaining   

CaPital，reSPeCtively．  

Table4．4：X孟GrangerCausalityTestbetweenTFPandCapital（Kl）Investment  

Number of lags Capital（Kl）causesTFP   TFPcausesCapital（K2）   

1   5．59＊＊   0．85   
2   5．46＊   4．58   
3   9．58＊＊   6．52司ミ   

Note：＊，＊＊，denotelOand2．5％significancelevels，reSpeCtively・  

TheresultshowsthatwithonelagofTFPandonelagofcapital，theteststatistic   

of5・59suggeststhatonelagofcapitalissignificantatthe2・5％significancelevel，and   

thatcapitalis GrangerprlOrtOTFP・However，withtwolagsthecalculatedvalueis   

slgnificant atthelO％1evel・From threelags onward，CaPitalcausesTFP atallthe   

Slgn泊cantlevels・  

Thelastcolumnshowsthatwiththethirdlag，TFPissignificantatthelO％level  

fbrallthesizeclasses，andcanbesaidtobeGrangerpriortocapital・10However，fromthe  

fburth1agTFPisGrangerprlOrtOCaPitalatalltheslgnificancelevels・  

10 IfwelookatthecausalrelationshipbetweenTFPandcapitalamongthedifEerentsizeclasses，thenTable  
A4（inAppendixII）suggeststhatsizeclassesIandIIwhicharetherepresentativeofsmallersizeclasses  
haveshortlagrelationshipsftomTFPtocapital・TheresultsshowthatwithonelagTFPisslgnificantatthe  
lO％1evelinthesizeclassesIandII．However，withtwolagssizeclassIIIissignificantatthe2・5％1evel  
andwiththethirdlagsIZeClassIVissignificantatthelO％1evel・  
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TheabovediscussiononthecausalitytestsbetweenTFPandcapitalsuggests   

two－Way CauSalityfrom capitalinvestment to productivity growth・However，Oniki   

（2001）fbund aone⊥WayCauSalityfrom capitalinvestmenttoTFP fbrJapaneserice   

PrOduction・Heusedatimeseriesbasedecon？metricanalysisandsingleoutput・  

Table4・5，WherecapitalconsistsofmachineryandotherlnPutS，Showsthesame   

resultasinTable4・4・Here，CaPitalcausesTFPwithonelaglengthatthe5％signはcance   

level，andTFPcausescapitalwiththreelagsatthelO％level．  

Table4．5：X三GrangerCausalityTestbetweenTFPandCapital（K2）Investment  

Number of lags Capital（Kl）causesTFP   TFPcausesCapital（K2）   

1   4．99＊＊   0．81   
2   5．22＊   4．51   

3   
10．25＊＊＊   6．73＊   

Note：＊，＊＊，＊＊＊denotelO，5，and2．5％signiBcancelevels，reSPeCtively  

ThereasonfbrshowlngthesameresultinTables4．4and4．5，inspiteofdifferent   

CaPitalfbrmulation，mightbebecauselandplaystheroleofa鮎edinputinJapanese   

agriculture．I，and，1ikeothercapitalinputs，didnotgrowinquantityovertheyears・  

InsomestudiesonJapaneseagriculture（e．g・LeeandKuroda，2001），1andhas  

beentreatedasafixedinputsincethelandrentllduringthepostwaryearswassetata   

CertainlowlevelbythegovernmentandtherefbrenotamarketprlCeuntilatleast1975・  

11Inordertoestimatelandcost，thelandpricewasfirstobtainedbydividinglandrentbytherentedlal）d  
area（1，000yenperlOarea）．Thispricewasthenusedtoimputethelandcostofownedarablelandarea・  

Finally，thelandcostwasdefinedasthesumoftotalrentfbrownedandrentedarableユandand  

expendituresonlandipprovementsandwateruse・  
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4．5 ConclusionandPolicyMeasures  

This paperhas measured agriculturalproductivity，andexaminedthecausality   

between productivity and cqpitalinvestmentinJapanese agriculture fbr the1957－97   

Period・Wehavefoundthattheratesofgrowthoftotaloutput，tOtalinput，andTFPare   

diffbrentamongthesizeclasses．Table4．1showsthatthetotalaveragegrowthratesof   

totaloutput，tOtalinput，andTFPwerel．01，0・15，andO・86％，reSPeCtively・  

Inthesecondpartofthestudy，thispapertestedthecausalrelationshipbetween   

TFP and capitaluslng data onJapanese agriculture over the period1957－97・The   

approachusedwasfbrGrangertestsofcausalitybetweenthetwovariables・Thisstudy   

exploredwhetherproductivityincreaseslead to capitalinvestment orwhether capital   

investmentallowsgreaterproductivity．  

The results ofthe tests suggestthattherehas been aslgnincant and positive   

GrangeトCauSalrelationshiprunnlngffomTFPtocapitalaswellasffomcapitaltoTFPin   

Japaneseagricultureoverthelongterm・WefoundcqpitalcausesTFPafteronelag，and   

TFPcausescapitalwiththreelags・  

The results foundin this paper corroborate other studies，SuCh as，   

SchimmelpfenmigandThirtle（1994），andPardeyandCraig（1989）・However，theyused   

R＆DinsteadofcapitalfbrtenEuropeancountriesandtheUSA・Moreover，Oniki（2001），   

by using tim‘e series based econometric analysis and single output（rice），found   

unidirectionalcausalityffomcapitalinvestmenttoTFPfbrJqpanesericeproduction・  

Weusedtwomodelsforcapital（withandwithoutland）totestcausalitywithTFP   

andfoundconsistentresultswithboththemodel．Thisindicatesthatlandplaysafixed  
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lnPutrOleinJapaneseagriculture・hnddidnotgrowinquantityovertheyearslikeother   

formsofcapital．  

Animportant policylmPlication ofthe result ofthis study suggests that the   

governmentshouldencouTage，inparticular，1argescalefarmlnglnOrdertoincreasetotal   

OutPut and productivity・Causality t＄St SuggeStS that capitalinvestment has been   

SuCCeSSfu1inincreaslngTFPand，CaPitalinvestmenttendstobeforthcomlngbutittakes   

timefbrthelargersizeclasses（SizeclassesIIIandⅣ）．Policymakerswouldrequirea   

VeryfastresponsefbrtheshortlagrelationshipfromTFPtocapital，andtherefbre，itis   

SuggeSted thatvolume ofcapitalinvestmentneedto beincreasedforthelargersize   

classes to increase productivity in Japanese agriculture. 

Although0miki（2001）pointedoutthatunlimitedimprovementinproductivity   

throughcapitalintensificationisnotfeasible，aSCaPital－basedinnovationbecomesmore   

difncult over time，his study waslimited to single output，Whereas this study uses  

、■  

aggregatedoutput・Therefore，furtherstudymaybeneededtoidentifytheexactratioof   

CaPitalinvestmenttoincreaslngPrOductivityinthelong－run・Tillthen，thisstudysuggests   

increaslngCqPitalinvestmentfbrthelargersizeclassestoimproveproductivity・  
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Chapter5   

Snmmary and Conclusion 

5．1 MainContribution  

Usingmodern technique to estimate thereglOnalproductivityinBangladesh   

agriculture，We eStimated the Malmquist productivityindex，andlater fbund that   

divergences amongthereglOnS disqppear・OurcausalitytestsonJapaneseagrlCulture   

COnfirm thelearnlng－by－doing process，and fbund a bi－directionalcausality between ■  

CaPitalinvestment andproductivity・Further，We SuggeStedincreaslngthevolume of   

C叩italinvestmentinJapaneseagriculturetoimprovetheproductivitygrowth・  

5．2 SummaryoftheThesis  

The growthin agriculturalproductivity has slowed down substantia11yln the   

recenttimes・TheinequalitiesatreglOnallevelincreasedwhichobstructedthebalanced   

growthin the reglOnaldevelopment・For the overallgrowthinthe economy and   

SuStainabilityintheagrlCulturalproductivitygrowth，themainissuesare：tOaCknowledge   

the reglOnaldisparities，information on the direction of disperSionin agrlCultural   

productivityamongthereglOnS，andguidelinesontheappropriatemeasurest9improve   

theproductivitygrowth・   



hthelightofthecurrentissuesinagriculturediscussedabove，here，inthisthesis，   

Wethoroughlyinvestigatedtheagriculturalproductivity，COnVergenCeinagriculture，and   

the causalrelationship between capitalinvestment and productivity to confirmthe   

learnlng－by－doing process．We used two different data sets for the estimationsin   

BangladeshandJapaneseagriculture・  

Ourob5ectiveinthis thesishasbeentoanalyzetheagriculturalproductivityat   

reglOna11evelanddeterminethepatternOfthechangeintheproductivity，thelong－run   

trend towards convergence across districts，andinvestigate thelong－run relationship   

betweenproductivityandthevariablesthatexplainproductivity・Ouranalysisindicates   

thatsigmificantdifferencesintheproductivitygrowthexistacrossthedifferentdistrict・   

However，thereisevidenceoflong－runCOnVergenCeinagriculturalproductivity・Further，   

thestudyfbundthatcapitalcauslngTFPafteronelagandTFPcauslngCaPitalwiththree   

lagswhichsuggeststhatcapitalinvestmenthasbeensuccessfu1inincreaslngTFPand   

CaPitalinvestmenttendstobefbrthcomlngbutittakestimefbrthelargersizeclasses・  

5．3 PolicyImplications  

Severalimportantpoliciescanbedrawn血omthisstudy・ThemaJOrPOlicyisthe   

needtoincreasethegrowthofproductivityinBangladeshagriculture・Aswesee，during   

thestudyperiodefficiencydecreasedsubstantiallywhichraisesconcemonthefuture   

productivitypotentialto●feedthe growlngPOPulationunlessrapidteclmicalprogress   

continuestooffsetthedetrimentaleffectoffallingefficiency．ThepolicylmPlicationis  
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that Bangladesh needs to address the cause ofthe drastic払11in e比ciencyin the   

agriculturalsector．  

Thepolicyofchooslngthemodeldistrictsandastrategytomakeavailablethe   

knowledgeofthemodeldistrictstothelaggedbehinddistrictsinproductivitywillhelpto   

reducetheinequalitiesamongthedistricts，andfurtheritwillplayaroleintheoverall   

reglOnaldevelopment．  

Ourpositive缶ndings onconvergencein agriculturalproductivitymayleadto   

furtherinvestigationonwhethertheslowlngdownofthemostproductivedistrictscaused   

COnVergenCeinsteadofcatching－uPOfthelessproductivedistricts．  

AnotherimportantpolicylmPlicationfromthestudyoncausalitysuggeststhatthe   

govemmentshouldencourage，1nParticular，1argescalefarmlnglnOrdertoincreasetotal   

OutPutandproductivity．PolicymakerswouldrequlreaVeryfastresponse女）rtheshort   

lagrelationship丘omTFPtocapital，andtherefbre，itissuggestedthatvolumeofcapital   

investmentneedtobeincreasedfbrthelargersizeclassestoincreaseproductivityin   

Japaneseagriculture．  
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Appendices   

AppendixI：  

WehavedepictedaconstantreturnstoscaletechnologylnVOIvingsingleinput   

andsingleoutputinthefbllowlngdiagram・The鮎mproducesatthepointDandEin   

Periods tandt＋1・Ineachperiodthefirmisoperatingbelowtheteclm0logyforthat   

Period・Hence，thereistechmicaline盟ciencyinbothperiods．Usingequations2．4，  

E班ciencychange＝，andTeclmicalchange＝ 
［ 芸浩x浩］  

Therefbre，theMalmquistproductivityindexcanbewrittenas，  

∽0＝（豊北無豊 ］  

AvalueofM。greaterthanOneWillindicatepositiveTFPgrowthfromperiodtto   

Periodt＋1whileavaluelessthanoneindicatesaTFPdecline．  

Ⅹ   
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AppendixⅡ：  

TableAl：TotalAgriculturalProductionasPercentageof  
GDPatConstant（1984・＄5）Price  

Year   TotalAgriculturalproduction  

aspercentageofGDP   

1979－80   47．6   

1980－81   45．5   

1981－82   48．71   

1982－83   49．24   

1983－84   48．00   

1984－85   41．75   

1985－86   41．37   

1986－87   40．00   

1987－88   38．73   

1988－89   38．15   

1989－90   37．75   

1990－91   37．60   

1991－92   36．86   

1992－93   35．92   

1993－94   34．58   

1994－95   32．77   

1995－96   32．24   

1996－97   32．41   

1997－98   31．58   

1998－99   31．55   
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TableA2：TechnicalE躇ciencyChange，TedlnicalChangeandProductivitylevels  

byDistrictsatthebeginnlngOfthestudyperiodI1980・                                                                                                      ●  

Districts   Teclmicale比ciency  Productivity（MFP）   
Change（TEC）   （TC）  

DinaJPur   1．004   1．390   1．396   
Ranjp11r   1．000   0．935   0．935   
Bogra   1．000   1．175   1．175   
Raj血ahi   1．040   1．068   1．110   
Pabna   1．000   0．994   0．994   
Ⅹusbtia   1．000   1．279   1．279   
Jessore   0．965   1．046   1．009   
mulna   0．964   0．800   0．772   
Barisal   2．297   0．992   2．279   
Patuakhali   1．000   1．656   1．656   
Mymensingh   0．998   1．037   1．035   
Jamalpur   1．000   1．029   1．029   
Tangail   1．012   1．088   1．100   
D血aka   1．064   0．955   1．016   
Faridpur   1．000   0．919   0．916   
Sylhet   1．000   1．202   1．202   
Comilla   1．257   1．089   1．369   
Noakhali   1．000   0．713   0．713   
Chittagong   1．000   1．036   1．036   
Chit．H．T．   1．000   0．999   0．999   
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TableA3：GrowthRatesofTFPamongslヱeClasses                                                                                                   ●  

YeahSize  団   （Ⅱ）   （Ⅲ）   （ⅠⅤ）   Average   

Class  

1957－1971   2．0232   1．7036   1．3691   0．9891   1■．5215   

1972－1984   －0．1995   0．1141   0．3200   0．4877   0．1805   

1985－1997   0．0324   －0．2795   0．3185   0．3945   0．1164   

1957－1997   0．7613   0．8590   0．9152   0．9010   0．8591   

TabIeA4：GrangerCausalityTestbetweenTFPandCapital（Kl）Investment  

amongSizeClasses（TFPcausesCapital）  

Noof  
bgs   

1   2．83＊   3．06＊   0．72   1．95   0．85   
2   9．75＊＊＊   9．64＊＊＊   8．10＊＊＊   4．18   4．58   
3   14．09＊＊＊   16．69＊＊＊   6．99＊   7．48＊   6．5草＊   

Note：＊，＊＊，＊＊＊denotelO，5，2．5％signiBcancelevels，reSPeCtively．  
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AppendixIII：  

FigureAl：ProductivityGrowthRates伽rtheSelectedDistricts  

Productivitygrowthratesforselecteddjstricts  
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FigureA2：Indexofcapital（Kl）inallsizeclasses  

FigureA3：Indexofcapital（Eヱ）ina11sizeclasses  
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