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AbstractThispaper aimstoshowthecharacterizationofcausal  

StruCtureOftherecentJapaneseandChinesemacroeconomy．For 

thispurpOSe，Wefirstgiveanintr’Oduction to the one－Way effect  

causal measure and its Wald test as well as their computational 

algOrithm．Inview ofthe causalmeasures（infrequency domain  

andintime domain）incointegratedvector timeser’ies，thelong－  

r・un and short－run eCOnOmic relationships are showed。We can  

aiso see the pr．ocesses of applying the one－Way effect causality  

theor－ytOtheanalysisof■macroeconomy 

1．ⅠれtrOdu（：tioII  

TosoIvetheproblemsofdeter’miningthedirectionofcausalitybetween  

apair’Oftimeseriesandalsoofstatisticallytestingtheabsenceoffeedback，  

Gr・anger（1963，69）introduced a celebrated definition of causality．His  

1）ThereSear■ChispartiallysupportedbytheSpeciaトResearChExpensespresentedby   

the Faculty of Economics，the Project Expenses presented by the Department of   

Economics，Kagawa University   
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COnCeptOfcausalityisastatisticallytestablecriteriondefinedintermSOf  

predictability based on the assumption that the cause chr・OnOlogically  

precedestheeffectandthefuturedoesnotcausethepast．Asfarastesting  

absenceoffeedbackrelationisconcerned，theearIlierrepresentativestudies  

aretheGrangerteStOfzerorestrictionofspecificcoefficientsofanstationT  

aryautoregressiverepresentation，andtheSimstestofthezerorestriction  

Ofsomecoefficientsinmoving－aVerager・epreSentationofstationarybivar－  

iateprocesses  

AsregardstestingGranger－’snon－CauSalityinlevelsofanonstationar・y  

VeCtOrautOr’egreSSive（VAR）system，Sims，Stock andWatson（1990）dealt  

withtrivariateVARsystems，tOCOnCludethattheWaldteststatistichasa  

limitingx2distr－ibutionifthetimeseriesarecointegT・atedandotherwisethat  

ithasanonstandar－dlimitingdistribution‖ LutkepohlandLeimerIS（1992），  

using theWaldtestfor－Granger’snon－CauSalityinbivariatecointegrated  

finiteorderARprocess，investigatedtheshortandlong－terminterestrates  

intheU“S．，WhereasTodaandPhillips（1993）extendedtheresultsofSims，  

StockandWatson（1990）… Sofar，theinterestoftheeconometr・icliterature  

SeemSmOStlyconcernedwithGranger’snon－CauSalitytest 

Forthepurposeofquantitativecharacter・izationofthefeedbackrelaT  

tionshipbetweentwomultivariatetimeseries，Geweke（1982）introducedan  

earlyversionofthemeasureofcausalityfromonetimeseriestoanotherin  

thetimedomainaswellasinthefrequencydomainDevelopingGeweke’s  
frequencyLdomainappr’OaCh，Hosoya（1991）intr・Oduced three causalmea・  

SureSSummarizingtheinterdependencybetweenapairofnondeterministic  

Stationaryprocesses”GrangerandLin（1995）gaveanextendedmeasureof  

One－Wayeffectforannonstationarybivar・iatecointegratedprocess．Yao  

andHosoya（1995）showedthealgor’ithmsofnumericalcomputationsofthe  

CauSalmeasuresincointegratedr’elations．．Yao（1996b）discussesalgorIithm  

Oftheone－WayeffectmeasureappliedtoJapanesemacroeconomyinvolv－   
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ingStruCtur’alchangesandalsogivesanemper・icalanalysistothefinancial  

andexternaltrade ofJapanHosoya（1997）extended allhis causalmea－  

SureStOnOnStationaryreproducibleprocesses  

For’thepurposes oftestingcausalrelationsin cointegratedpr・OCeSSeS  

and constructing their confidence－SetS，Yao and Hosoya（1998）introduced  

theWaldstatistics．IncontracttotheconventionaltestsofGranger’snon－  

CauSality which amount to testingthehypothesis of zero r－eStriction of a  

Certainsetofautoregressivecoefficients，theapproachenablesustoexam－  

ineavarietyofcausalcharacteristicsbetweentime－Series；itcantestnot  

OnlyGranger’snon－CauSalitybymeansoftestingthenullityoftheoverall  

measure of one－Way effect（OMO），but also the strength of the one－Way  

effectMoreoverbymeansoftheintegralofthefr’equenCy－Wisemeasureof  

One－Wayeffect（FMO）onspecificfrequencybands，thelongrrunandshort  

－runCausalrelationshipscan alsobetested 

In this paper’，We apply the Wald test theory presented by Yao and  

Hosoya（1998）toJapaneseandChinesemacroeconomicdataoverthespan  

Of the recent twenty years．Our empir－icalanalysis ofJapanese ma－  

CrOeCOnOmicdatashowsthat，atO．05significanceleveユ，theonerwayeffect  

in neither direction between money andincomeis significant，but at O．1  

Significancelevelaweakcausaleffectfrommoneytoincomeisdetected 

Ourinvestigationalsoshowsthattheone－Wayeffectsfrominterestratesto  

theothervariablesarenotablystrongingeneral“Incontrast，theeffects  

inther’everSe directionar’eWeak andnotsignificantFor’certaincases，  

eventhoughasingleseriesdoesnotcausesignificantlyaspecificseries，a  

multipleseriesincludingthat seriesis obserVedto cause the other ser’ies，  

indicating that policy mix might be eff■ective in those circumstances 

Dur■ing the per’iod we analyzed，theJapanese economic gTOWth can be  

thoughtcausedbytheexpor■tSinconformitywiththecommonunder－Stand・  

ing．Theempericalresultsalsoshowthattheeconomicr’elationbetween   
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Japan and China，atleastinthe meaning ofinternationaltrade，is not  

competitional 

Thispaperisorganizedasfo1lows：Section2showsaheuristicexposi－  

tionofthe OMOandthemOforstationaryandnonstationaryprocesses 

BasedonanECM，Section3summarizesWaldteststatisticfortestingthe  

One－Wayeffectcausalmeasures，andexhibitsrelevantcomputationalpro－  

Cedures．Section4is for a preliminar’y data analysis ofJapanese and  

ChinesemacroeconomictimeMSer’iesinorder’tOidentifypertinentECM’sfor  

thecausalanalysis．Inthatsection，WeapplyJohansen’slikelihoodratio  

testforcointegrationrankidentificationandapplyextensivelytheHosking  

StatisticandtheDoornikMHansenstatistic for testingSerialuncorrelation  

and Gaussianity of the residuals．Section5dealswith empir－icalcausal  

analysis of7economic time seriesesin the recent twenty year・S．The  

estimates of the mO for bivariate and trivar・iate as wellas four－Var・iate  

models are exhibitedin the figur’eS．The estimated cointegration rank，  

estimatesofOMOandcausalteststatisticsarealsolistedinthecorrespond－  

1ngfigur－eS。Forthecaseswherecausalityisstatisticallysignificant，the  

COnfidenceinterValsofthetrue OMOarealsolistedinthecorr・eSpOnding  

figures．Section6concludesthepaper 

Throughout the paper，We uSe the following notations and symboIs 

ThesetofallintegersandthesetofpositiveintegersaredenotedbyZand  

Z＋respectivelyFor a set of random variables（Zl，i∈A）with finite  

SeCOnd moment，H（Zi，i∈A）implies the closur・ein mean squar・e Of the  

linear’hullof（Zl，i∈A）intheHilbertspaceofrandomvariableswithfinite  

SeCOnd momentFor．a p－VeCtOr．prOCeSS X（t）with finite covariance  

matrixandforSasetofintegers，H（X（t），t∈S）impliesH（＆（t），t∈S，  

i＝1，…，b）”A＊indicates the conjugate tr・anSpOSeifAis a complex  

matrix andthesimpletransposeifAisar’ealmatrix．The vec oper・atOr 

tr’anSformsa mxnmatr’ix Bintoavector．bystackingthecolumnsofthe   
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matriⅩOneunderneaththeother，i．e．vec Bisthem・nXIvector，Whereas  

v（C）denotesthen（n＋1）／2vectorthatisobtainedfromvecCbyeliminat－  

inga11supradiagnoalelementsofasquarenxnmatrixCInthisway，for  

Symmetric C，V（C）containsonlythegenerica11ydistinctelements of C  

ForarandomvectorXorforapairofrandomvectorsXand Y，Cov（X）  

andCov（X，Y）indicatethevariance－COVariancematrixofXandofvec  

（X，Y）reSpeCtivelyThetraCeOfasquarematrix CisdenotedbytrC  

andthedeterminantisdenotedbydetCTheKroneckerproductofanym  

XnmatrixAandbXqmatrixBisdenotedbythembXnqmatrixA⑳B，  

Whereasthesumoftwovectorsubspaces且andH2isdenotedby凡◎筏 
Thelag operatOr denoted by L so that Lxl＝X・t＿1and the differ・enCe  

OperatOrisdenotedby△＝1－I， 

2．TheCa11SalMeasureofOne－Way Effect  

The section shows the measures CMO and mO for nondeterIministic  

Stationary time－Series and extentions to nonstationary time－Seriesin  

COintegrated r・elations［see for details Hosoya（1991，1997），Yao and  

Hosoya（1998）］．Inthelastpartofthissection，Wediscusslong－runand  

Shorトrunrelationshipsexpr■eSSedbythoseone－Wayeffectmeasures 

Theconstructionofthecausalmeasures，inparticularthemeasuresof  

One－Way effect，is closely related to the prediction theory of stationary  

processes‖Supposethat（U（t），V（t），t∈Z）isazeromeaniointlycovarian－  

Ce Stationary pr・OCeSS Wher－e the U（t）and V（t）are plXland p2×1real  

VeCtOr・S reSpeCtively（カ＝bl＋P2）“Suppose also that the process（U（t），  

V（t））isnondeterministicandhasthepx♪SpeCtraldensitymatrix   

ノ（呵㌶詔一方＜ス≦…符，  
Where．fll（））istheblXblSpeCtraldensityof（U（t）），andthatf（））satisfies   
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／：log‘払相）戚＞－∞ 

Underthecondition（21），j（））hasafactorizationsuchthat  

相）＝去』（e一之り』（e一之り＊，   

（2い1）  

（2．2）  

Whereノ1（e．i＾）is theboundaryvaluelimp＿1－＾（iLeJi＾）ofa pxbmatr’ix－  

Valuedfunctionノ1（z）whichisanalytichasnozerosinsidetheunitdisc（z：  

1z）＜1）ofthecomplexplane．Suchafactorizationissaidtobeacanonical  

factor■izationinthesequel．Let∑bethecovarianceoftheone－StePahead  

linearpr・edictionerroroftheprocess（U（t），V（t））byitsownpast；then，  

Wehave   

滋山（0）州）＊）＝d如＝＝（2方）pexp（去／：logゐけ∽闇‡，（2・・3）  

［see Rozanov（1967）pp“71－7，forexample］。The relationship（2”2）isthe  

frequencydomainversionoftheWolddecomposition   

問＝帥∈（才一プ），  
Wher’e（∈（t））is a white－nOISe pr’OCeSS With V ar（∈（t））＝1p and the  

matr・icesノす（j）are the reaトmatrix coefficientsin the expansion of the  

analyticfunctionノ1（z）；namelyノ1（z）＝∑芸。ノ‡（j）z） 

TheoneMWayeffectcomponentof V（t）isthecomponentwhichcauses  
（U（t））one－SidedlybutsuffersnofeedbackfromitintheGrangersense 

We can extract such component from V（t）as the regression residual  

ObtainedbyregreSSing V（t）on（U（t＋1－j），V（t－j），j∈Z＋）．Formally，  

1et ti，，＿1（t）be the r・eSidualof orthogonalprojection（withrespect to the  

mean－Square）ofl′（t）ontoH（U（t＋1－j），V（t－j）‥卜〔Z＋）．ItturInSOut  

that（陥，1（t））isawhitenoiseprocesswithcovariancematrix∑22－∑21∑ill  

∑12   

In contrast to the Wold decomposition of（U（t），V（t））whichis a   
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decompositionintoanorthogonalsuminthetimedomain，（U（t），V（t））is  

knowntohavethespectralrepresentation   

抑）＝存悌（ス）and粕）＝魚価（ス）  

where O（））andウ（））are（frequency－Wiseorthogonal）randommeasures  

such that  

Co〃（d百（ス），d伊（ス））＝ノり）；  

namely，theprocesses（U（t））and（V（t））areinterpretedasweig叫edsums  

ofharmOnicoscillationswithorthogonalrandomweightfor－therespective  

frequency“HencethepredictionerT・Orformula（2l3）impliesforinstancethat  

the one－Step ahead prediction error of U（t）measuredin terms ofthe  

deter・minant of the prediction error covariance matrixis the geometric  

meanofthedbtCov（dO（）））overthefrequencydomain－7T＜）≦；7rIn  

otherwords，thevariabilityofdO（））expressesthefrequencyRwisecontriT  

butiontotheone－Stepaheadpredictionerrorof U（t）Inthecaseofthe  

jointone－Stepaheadpredictionof（U（t），V（t）），aSimilarargumentapplies  

and the variability expressed by dbt Cov（dO（）），dV（）））indicates the  

contributionofthe）－frequencyoscillationtothejointpredictionerTOrOf 

ぴ（g）andl′（g）  

TheninviewoftheGrangerconceptofcausality，thequestionstobe  
askedar・ehowmuchofthepredictionerrOrreductioninU（t）isattributed  

totheotherseries（V（s），S≦t－1）whenitisaddedforthepredictionof  

U（t）andwhichportionofthevariabilityinthepair（dO（）），iV（））），Which  

iscorTelatedingeneral，isattributabletotheseries（U（t））．Thepairing  

（U（t），陥，．1（t））insteadoftheoriginalpair（U（t），V（t））helpsustodeal  

withthesequestions．Inviewoftheconstructionoflる，Ml（t），theprojection  

residualof U（t）ontoH（陥，＿1（s）；S≦t－1）isgivenby  

抑）＝／：ez以（d百（ス）－ん（ス）・7義1（ス）拡1（ス）），  （2．4）   
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Wher’ethespectraldensitymatrixoftheprocess（U（t），％，－1（t））isdenoted  

bythebltOP2partitionedmatrix   

㌍笹怒）］  
and fll（））＝fil（）），f21（））＝（－∑21∑に1，1；2）A（0）＾（e～i＾）‾1fl（）），Where f 
1 1（））isthematrixwhichconsistsofthefir－St少1COlumnsoff（）），j22（））＝而  

（∑22－∑21∑㌫1∑12）［see Hosoya（1991），Pp．432－3，and also see Whittle  

（1963）forthespectralregr・eSSion（2A）］．Sincetheone－Step aheadpredic－  

tionerrorofU（t）onthebasisofU（s）andlち，＿l（s）（′S≦t－1）isthesameas  

thatof U（t）onthebasisofitsownpast，itfoiiowsthat   

deg＝11＝伽）β1exp［去．1：logde≠Co〃（d百（ハープ12（ルア姦1  

（励1（）｝戚］，  （25）  

Where∑ildenotesthecovanancematrixoftheone－Stepaheadprediction  
errorofU’（t）；WhereasasforthepredictionofU（t）byitsownpastvalues，  

wehavetherelation   

滋f∑1＝（2曲p［去上：log滋肋｛d打（叫  （26）  

ThecomparlSOnOf（2。5）and（2．6）impliesthatthepredictionimprovementby  

theadditionalinformationoflろ，＿1（t）isgivenby  

〟γ－ぴ＝log（（おf∑11∧お≠∑il）  （2．7）  

andthatthefrequencyrwiser・eduction ofthevariabilityfrom dO（））to  

dO′（））isgivenby  

肌→ぴ（ス）＝log［deg Co〃（d百（ス））／deオCo〃（d♂（ス）－．テ12（ルア姦1  

（ス）d疏，＿1（ス）汀  （28）  

Itturnsoutthat（V（t））doesnotcause（U（t））intheGrangersenseifand  

Onlyif Mv＿U＝0．Consequently，inconformity to Granger’s causality  

COnCePt，WemightcauMv＿Utheover’allmeasureofone－Wayeffect（OMO）   
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from vto uandMv→U（））thefr・equenCy－wisemeasureofone－Wayeffect  

（MO）．ItisobviousthatMv→。（））in（2．8）canalsobeexpressedby  

肪＿ぴ（ス）＝log［由りil（ス）／ゐ郁1（ス）－．712（人）テ義1（ス）721（ス））］  （2．9）  

Then OMOfrom Vto Ucanbeexpressedby   

肪－ぴ＝去／：肪－ぴ（ス）粛 （2い10）   

Inordertoextendthiscausalanalysis ofnondeterministicstationary  

time－Seriestononstationaryprocesses，COnSiderItheprocess（X（t），Y（t））  

Whichisgeneratedby   

A（エ標旧識（g＝1，2，…）   （2・11）  

Where（U（t），V（t），t∈Z）isthestationaryprocessdefinedasbefore，and  

thelagpolynomialmatrixA（L）isapxDmatrixsuchthat  

［∑溢0霊 ∑溢0ノ4 

11，メェメ  
A（エ）＝  

forsomepositivelwhereA‖、0＝1；1andA22，0＝ム2．Supposeinthesequel  

thatX（t）and Y（t）fort≦Oarer－andomvectorswhichbelongtoH（U（t），  

t≦0）andH（V（t），t≦0）respectively．Theprocessgivenby（2．11）hasthe  

Character・isticthattheone－Stepaheadpredictionandtheresidualofx（t）  

based on H（X（t－i），j≧1）◎H（U（t），t≦0）and Y（t），t≧1，based on  

H（Y（t－j），j≧1）㊤H（V（t），t≦0）are the same as those of U（t）and  

V（t）based on H（U（t－j），j≧1）and H（V（t－i），i≧1）r・eSpeCtively  

Where◎denotesthesumofvectorsubspacesSimi1ar工y，thejointpredic・  

tionof（X（t），Y（t））basedonH（X（卜）），Y（t－j），j≧1）◎H（U（t），V（t），  

t≦0）isthesameasthepredictionof（U（t），V（t））basedonH（U（t－j），  

V（t－j），j≧1）Ther・efore the predictionalproperties of the process  

（X（t），Y（l））fort≧1areentirelydeterminedbythoseofthegenerIating  

Stationar・ypr．OCeSS（U（t），V（t））．Since the one－Way effect struCture Of   
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（X（t），Y（t））isdetermined onlybyitspredictionalproperties，it follows  

thatitisgivenbythecorTeSpOndingstructureof（U（t），V（t））．Namely，  

theOMOandthePMObetween（X（t））and（Y（t））canbeequatedwiththe  

COrreSpOnding measures between the generating processes（U（t））and  

（V（t））‖ ThisisthebasicideafortheextensionofthedefinitionsofOMO  

andfMO tononstationaryprocesses 

Itshouldbenoted，however，thattherelationship（2”11）isnotverywell  

defined．SupposethatB（L）isanotherblockdiagonalmatrixgivenby   

配）＝ ［β1まエ）β2芸エ）］，  
Wher・eBll（L）andB22（L）arelagpolynomialssuchthatBll，0＝1blandB22，0  

＝1p2TheleftmultiplicationofB（L）toeachmemberoftheequation（2  

11）producesadifferentrepresentationoftheprocess（X（t），Y（t））．Unless  

B（L）＝1p，the resulting generating process（Bll（L，）U（t），B22（L）V（t））  

might possibly possess a spectralstructure differ・ent from that of（U（t），  

V（t））．Inordertoretaininvarianceoftheone－Wayeffectstructureunder  

SuChamultiplication，aCertainrestrictiononthegeneratingmeChamism（2 

11）isrequiredLetjll（＾）＝去A（l）（e－1＾）＾（1）（e－1＾）＊and長2（＾）＝去（U（t），  

伍，－1（t））A（2）（e‾i＾）A（2）（e‾i＾）＊becanonicalfactorizationsrespectively 

Assumption2．1．Theprocess（2．11）satisfieseither  

（i）thezeroesofdetAll（z）anddetA22（z）areallonor outsideoftheunit   

disc；Or  

（ii）There ar・e nO COmmOn Zer・OeS between（おム411（z）and（おtA（l）（z）and   

betweendbた422（z）anddbtA（2）（z） 

Thepr’eCedingconsider’ationleadsustothefollowingextendeddefini－  

tions oftheGrIang・ernOn－CauSality and of the measures OMO and mO 

SupposetheprIOCeSS（X（t），Y（t），t＝1，2，”…）generatedby（211）satisfies  

Assumption2‖1   
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Definition2．1（Y（t））issaidnottocause（X（t））ifandonlyifthepredic－  

tionerror・COVariancematricesofX（t）basedonH（U（s），V（s），S≦t－1）  

andbasedonH（U（s），5≦t－1）areidentical 

Definition2．2 The OMOMY＿X andthemO MY＿X（））aredeiinedby  

〟γ・→ス・…〟y＿ひand〟y＿．X（ス）…〟y＿ぴ（ス）   

respectively 

Remark2．1．NotethatwehaveH（U（s），V（s），S≦t）＝H（X（s），Y（s），  

s≦仁一1；U（5），Ⅴ（sう，S≦0）and 〟（U（s），S≦巨1）＝打（ズ（5），S≦才  

一1；U（s），S≦0），andalsothat（Y（t））doesnotcause（X（t））ifandonly  

if（V（t））doesnotcause（U（t）） 

Now consider theカLdimensionalprocess Z（t）＝（X（t）＊，Y（t）＊）＊re－  

presentedbyafinite aLthorderVARmodel  

α  

Z（f）＝∑Ⅲ（メ）Z（仁カ＋e（g）（才＝0，1，…う，        ブ＝1  （2．12）  

wheretherI（j）’sar・ePX少matrices，（e（t））isaβ－dimensionalwhitenoise  

pr・OCeSSSuChthatE（e（t））＝0，Cou（e（t））＝∑，andrank∑＝P．．SetA（L）  

＝1p－∑濃1Il（j）L），WherethezerosofdbtA（z）areassumedtobeeither’On  

oroutsideoftheunitdiscDenoteby C（L，）theadjointmatrIixofA（L）so  

that  

C（エ）A（エ）…β（エ），   

whereD（L）isthediagonalmatr・ixhavingd（L）…dbt4（L）asthecommon  

diagonalelement，d（L）＝∑濃od，Lメbealagpolynomialwithscalarcoeffi－  

cientssuchthatd，＝1andthezer・OSOf∑鳥。めz7areeitheronoroutsidethe  

unitcircle．Lefトmultiplying C（L）tothemembersoftheequation（2h12），  

we have   
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［湾粉］＝C（エ）∈（オ）≡［j粉］，  

（2．．13）  

wherIeWeSet W（t）…［u（t）＊，V（t）＊］＊for少1andb2VeCtOrSU（t）and V（t） 

Itfollowsfromtheaboveconstructionthat（U（t），V（t））isastationary  

MAprocessandthatthepr・OCeSS（X（t），Y（t））satisfiesthecondition（2”8）  

andAssumption2。1（i）．．Therefore，inviewofDefinition2．2above，allthe  

measur・eSOfone－Wayeffectforthepossiblynonstationarypr・OCeSSeS（X（t），  

Y（t））ar・e determined by the corTeSpOndingmeaSur’eS Of the stationary  

processes（U（t），V（t）） 

Moreover，Sincethezer・OSOfdbtC（z）areeither・OnOrOutSidetheunit  

cir・Cle，the covariance matrix of the one－Step ahead prediction error of  

W（t）isequalto∑andifthespectraldensitymatrixof（W（t））isdenoted  

byf（）），ithasacanonicalfactorization  

／（ス）＝吉山（e一之りA（e－り＊，  （214）  

where＾（e一之＾）＝C（e‾ll）∑1／2fortheCholeskyfactor’∑1／20f∑suchthat∑  

＝∑1／2∑1／2‖ Thenthecausalmeasur・eSCanbe calculatedinviewof（2‖9）  

and（2．10）bymeansofthespectraldensityf（t）andafeasibleノ1（e‾i｝） 

Avarietyofcausalmeasurescanbederivedonthebasisofthe OMO  

andtheEMObetween（X（t））and（Y（t））forthepurposesofthelong－run  

OrShort－runCharacterizationoftheircausalr・elationshipsIncaseMY＿X≠  

0，forexample，thecontr・ibutionofalong－runeffectintheoverallone－Way  

effectisgivenby   

βγ・一■X・（ど）＝去／；〟y－・・Y（ス）戚伊y－・ズ，  

foracertainlowfrequencyband［，E，E］．Insomecases，Onemightbemore   
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interestedinthecontributionoftherelativeeffectforagivenperiodband  

［tl，t2］（2≦tl＜t2），Whichisdefinedby   

βy－→■X（才1，あ）＝与£ニfl〟y一・■Y（ス）戚〃y→又・，  
Whereweusedtherelationt＝2プ班betweenper－iodtandfrequency）（）＞  

0）．Since the measure of one－Way effectis nonnegative，those causal  

measuresDY→R（E）andDY＿X（tl，h）（2≦tlくi2）takevaluesintheinterVal  

［0，1］，if〟y－．X＜∞ 

Thelong－runeffectmaybemeasuredinanotherway，forexample，by  

themean」n材Owhichisgivenby   

∂y→∬（ど）＝去／；〟y→ズ（ス）動  

Where eisacertainsmallpositivenumber＼Inordertosummar・izetheone  

－Wayeffectinaper’iodband［tl，あ】，   

∂r→ズ（ゎぁ）＝逼缶£1〟y→ズ（」）胡  

maybemoreuseful。Asmallvalue ofBY＿X（6）indicatesnosubstantia1long  

－rune董■fectfrom Yto X，andsmallBY＿X（tl，t2）impliesthatthereisno  

notableone－Wayeffectfr’Om YtoXfor’theperiodband（tl，t2）Inany  

CaSe，in order tointerpret those quantities based on empiricaldata，We  

needastatisticaltestingtheory 

Remark2．2．TheexistenceoftheNyquistfrequencyseemsoftenignored  

in exclusively time－domain oriented causalanalyses．The discernible  

highestfrequencyis）＝7r，WhichcorIreSpOndswithtwoperiods（t＝2班  

＝2）；namely，halfayear・forquarterlydata．Theeconomicimplicationis  

that we cannot discer・n the one－Way effect shorter・than half a year・for  

quarterlydata   
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3．TestingCausalityinCointegratedVARProcesses  

This section considers the Wald tests for testing hypotheses on the 

measuresofone－WayeffectbasedontheECMgivenby（3．1）below，prOVid－  

ing the computational procedure and also applying the test statistics to 

construction ofconfidence－SetS Ofthose measur・eS   

Let（Z（t））＝（X（t）＊，Y（t）＊）＊begeneratedbyacointegTatedbL－VeCtOr  

ARmodelwhichisrepresentedintheerror－COrreCtionform  

α－1   △Z（f）＝αβ＊Z（巨1）＋∑r（カ△Z（才一ノー）＋〃＋◎P（′）＋ど（f），  
J：一1  

（31）   

whereαandβarePXrmatrices（r・≦P），andpisaconstantb－VeCtOr  

AIsoin（31），P（t）isacolumn（sd－1）－VeCtOrOfcenteredseasonaldummy  

variables，Wheresdistheseasonalperiodsothatfor’quarterlydata，Sd＝  

4；SuppOSealsothat（E（t））isaGaussianwhitenoiseprocesswithmeanO  

andwithpositivedefinitenon－degeneratevariance山COVariancematrix∑ 

LetObea（r・・P）×1vectorconsistingoftheelementsofβsuchO＝VeCβ＊ 

Denoting n少＝P・（r＋P・（a－1））＋P・（b＋1）／2，1et ¢be the n¢×1vector 

which consists of the elements ofαand r（））（j’＝1，・川，a－1）and the  

elementsinthelowertriangular partof∑；namely¢＝ueC（vec（α，Il）＊，  

v（∑）），Wherer＝（Il（1），川，Il（a－1））andv（∑）denotesthe（P・（カ＋1）／2）×  

1vector 

Thespectraldensitymatrixfanditscanonicalfactor’＾der－ivedforthe  

iointprocess（Z（t））bytherelation（2l15）aregivenr’eSpeCtivelyby  

榊β，¢）＝吉山（e－iA】β，錮（elβ，拙  （3．2）  

and  

A（e‾l人Iβ，¢）＝C（e‾緑lβ，¢）∑1／2，  

WhereC（e－1A10，¢）istheadjointmatr－ixofthecomplexLValuedpolynomial  

matr・ix   
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α－1    ムーe‾以（ん＋αβ＊）－∑r（ノ）（〆朝一e‾≠（州）り 

タ＝1  

Itisimportant to note here that the Granger causalityis defined only  

between non－deterTninistic time－Series and ther・eis no one－Way effect  

between such deterministic components as the dummy variables and the  

intercept which appearinmodel（3．1）；a deterministic component canbe  

predictedexactlybyitspastvaluesandthereisnoimprovementinpr’edic－  

tionifinformation of another ser■iesis added［see Hosoya（1977）for a  

formalprooffornon－CauSalitybetweendeterministicprocesses］   

Bymeansofthosefand＾，WedefineMYr＿X（）lO，¢）the mOfrom  

（Y（t））to（X（t）），by（2hll）andthe OMOby   

G（β，¢）＝去上：〟y→ス（棉¢）胡 （33）  

Note thatintheseinstances，G（0，¢）is differentiable functionswith  

respectto（8，¢）   

Johansen（1988，1991）showedthat，if（0，¢）isthetruevalueand（5，  

6）is the ML estimate，T（5－8）tends to have a mixed multivariate  

normaldistributionand√ヂ（♂一¢）tendstohaveamultivariatenormal  

distributionasT→∞，WhenceG（5，6）isa、／アconsistentestimateofG（8，  

¢）‖ Bythestochasticexpansion，Wehave  

√戸（G（♂，♂トG（β，の）＝（β¢G）＊√ヂ（∂－¢）＋0♪（1），  

Where D¢Gis a n¢－dimensionalvectorOf the gradient of G（e，¢）”It  

fo1lowsthat、庁（G（5，6）－G（0，¢））isasymptoticallynormallydistributed  

with mean O and variance  

〃（β，¢）＝β¢G（β，¢）＊甘（β，¢）β¢G（β，¢），  （3．4）  

where甘（8，¢）istheasymptoticvarianceMCOVar・iancematrixof√宇（6－¢） 

Notethatthefir・St－Order・aSymptOticdistributionofG（5，∂）iscompletely  

determinedby¢andthe nonstandar・dlimiting distribution of5isnot  

invoIved，thesamplinger’rOrOf O beingnegligibleincomparisonwiththat   
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of∂■”Consequently，thetestforG（0，¢）andtheconfidence－SetCOnStruC－  

tioncanbe conductedbased ontheWaldstatistic  

肝≡r（G（∂，∂卜G（β，¢”2脾（∂，♂），  （3．5）  

whichis asymptoticallydistributed as x2distribution with one degree of  

freedomif（0，¢）isthetrueValue   

AsregardsevaluationofD¢Gat O，¢，thenumericaldifferentiationis  

practicalinview of the complexity of the exact analytic expression 

Specifically，thegradientof G（0，¢）   

β¢G＝（告…，濃・）＊  

isevaluatedby  

豊箋卜G（∂，∂十尻トG（♂，♂一あ））／（2ゐ），  （3．6）  

forsufficientlysmallpositivehwherehiisthen¢×1vectorwiththei－th  

element handallthe otherelementszero；namely，hi＝（0，…，h，0，‖l，  

0）＊，哀＝1，2，い…，ク釣   

Thenumer、icalcomputation of督（0，Q）in（3l4）canbe conducted as  

follows．We set¢（1）＝ueC（α，r），¢（2）＝VeC（FL，◎）and¢（3）＝L／（∑），and  

alsoweset9ウ（12）＝VeC（¢（1），¢（2））．ThenthelogLlikelihoodfunctionofthe  

parameter¢（12）and¢（3）basedonobservationZ（1），川，Z（T）canbegiven  

aS   

′〟12），¢（3）lZ）＝一子（抽g2れlogゐf＝ト‡′γ＝－1佑，  
where   

r    佑＝∑Ⅴ（′）Ⅴ（f）＊，  
f＝1  

and  

α－1    V（g）＝△Z（≠トαβ＊Z（巨1）－∑r（．カ△Z（才一一刀ー〟－◎P（f） 
ブ芦1  

LetDbethep2byD（P＋1）／2duplicationmatr、ixandletD＋betheMoore－   
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Penroseinverse of matrix D［see Magnus and NeudeckerI（1988），p49L  

Denoteby6（12）and¢（3）theMLestimatorsof¢（12）and¢（3）respectively，  

thentheasymptoticvariance－COVariancematrixofJ7（6（12）－¢（12））andJア  

（∂（3）－¢（3））isequalto  

（∑篭Q‾ユ2β＋（∑芸∑，β十＊），  （37）  

wher・e¢＝】imr＿00（1／r）∑ぎご15－（g）5（∠）＊，  

5（≠）＝〃eC（β＊Z（仁一1），△Z（才一1），…，△Z（卜α－1），1♪，P（才））  

［seeMagnusandNeudecker（1988），p321］‖ Theasymptoticcovarianceof  

√戸（∂（1L¢（1）），Whichis denoted by V仰）柑）is then constructed from  

∑⑳Q－1byeliminatingtherows andcolumnscorr・eSpOndingtoJ，T（6（2）  

－¢（2））．Infactwecanwritethesymmetric（P・（r十P・（a－1））＋P・Sd）dimen・  

Sionalmatrix∑⑳Q－1intoβ×bpartitionedmatr’ixintheformof  

∂11（∋■1仇2Q‾1伽Q‾1  

戟1（∂‾1偽2¢‾1・物Q‾1  

軸1Q‾1侮2¢‾I…小（兢々‾1  

whereallofthesubmatrices oIi｝Q‾1（i，i＝1，…，b）are（r十b・（a－1）＋，Sd）  

dimensionalsquaredmatrixThecovar－iancematrixVQ（1）Q（．）isconstruct－  

ed by eliminating allthelast sd COlumnsand thelastsd rOWS Of the  

SubmatricesoiiQ‾1，i，j＝1，l・”，b 

Asfor・theestimationof∑and Qin（3．7），WeSet  

宜＝（1／r）去（¢（g）ウ（が），  
ビ＝1  

∂＝（1げ）立言（f）∫（g）＊，  
ど＝1  

Wher・e   

J㌧－1一、 ウ（f）＝△Z（才ト∂β＊Z（巨1）－∑r（ノ）△Z（仁ブトβ→金p（≠），                              7＝1  
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and  

g（g）＝〃eC（β＊z（トー1），△Z（巨1），…，△Z（才一α－1），1タ，P（g））  

Inviewoftheconsistencyof¢and O，if甘Q（l）Q（1）denotesthevariance－  

covariancematrixof√戸（i（1）－¢（1））evaluatedat（∂，6），then   

㌫，β・＊ト1） 
甘（…）＝（命¢芸）れ）2β十（ 

（310）  

Therefore we can use the first right－hand side member of（3．．10）as a  

COnSistentestimateof甘（0，¢）   

By（3A）and（31・10），Wethenget aVariance estimate斤＝H（∂，6）  

Denote Golthegivenscalar，for thepurposeoftestingthenullhypothesis  

G（0，¢）＝G。1，WeeValuatetheteststatisticWdefinedby（35）。Inorder  

totestnoNCauSalityinGranger’ssense，WeSetthenullhypothesisasGol＝  

Oandtheteststatisticisgivenby  

Ⅳ＝r（C（♂，の）2／打（∂，み  （3“11）  

If W≧x孟（1），forx孟（1）theupperαquantileofthex2distributionwithone  

degTeeOffreedom，Wemayrejectthenullhypothesisofnon－CanSalityfr・Om  

YtoX Ontheotherhand，inviewof（3．5），the（1－α）confidenceinterVal  

OfthcausalmeasureG（8，¢）isprovidedby   

（G（∂，♂ト月忘，G（∂，♂）十月ふ），  

Where島＝（1／T）H（5，6）x孟（1）  

（3“12）  

Remark3．1．NotethatouralgorithmforevaluatingtheWaldstatisticand  

theconfidencesetdoesnotdependuponthekindofmeasuresofone－Way  

effectsothatitappliesalsotoDY＿X（E）orDY＿X（tl，h），giveninSection2．   

4．PreliminaryAnalysis  

The test theory of the causalmeasures developedin the for・egOing  

SeCtionsisappliedinthissectiontomacroeconomicdataofJapan，inorder  

toexaminetheper’formanCeOfourWaldtestinprIaCtice”Thedataused   
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are the quarterly observations of  

GDP（Y），M2＋CD（M），CallRates  

（R），Exports（Ex），Imports（Im）in  

Japanduringtheper－iodofthefirst  

quarterof1975throughthefourth  

quarter・Of1994“For the same  

period，theexports to China（Ex－  

JCorExports－JC）andtheimports ぎ1110  

fromChina（Im－JCorImportsJC）  

are alsoinvestigated．The data  

of GDP，M2＋CD as wellas Call  

Rates are based on‘Economic  

Statistics Monthly’，by Research  

and Statistics Department，Bank  

of Japan The Exports and 

Imports data areinU．S”Dollar  

andarebasedon‘BalanceofPay－  

ments Monthly’，byInternational  

Department，Bank of Japan 

TheExJCandIm－JCarethesum  

of monthly data（whichis origi－  

nally based on The Summary  

Repor・t On Trade ofJapan MOF）  

from Nikkei NEEDS Macro  

DatabaseBothoftheEx－JCand  

theImJCareinuS．Dollar－．All  

the variables are nominaland，  

except for the Ca11Rates，are  

given in logarithmic scale Figure 

1975  1980  1985  1990  1995  

桝ね即助叫   

03   

8 ⊂  

q〉 0  

－0．3   

1975  1980  1985  1990  1995  

Fig・ure 4．1Japanese Macro Eco－  

nomic Datain Levels  

and DiffeT′eneeS   
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Export   Imports   

120  

11‥5  

11．O  

q） 310・5   

100  

95  

9“0  

1975 19＆0 1985 1990 1995   1975 1980 1985 1990 1995  

¢〝わgr肋叫  作〃わg′肋叫  

1975 1980 1985 1990 1995  1975 1980 1985 1990 1995  

Figure4．1Continued   
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41depictstheoriginaldatainlevelsandindifferences－√ Alltheseventime  

Seriesappear，tOareaSOnableextent，nOn－Stationar－yWithstationarydifferI－  

enceS 

Inthefollowing study，Weapplythecommonlag－length a＝5．，The  

lag－1engthofautoregT’eSSiveprocessdelimitsther－angeOfpossibleconfigu－  

ration of the mO“In order to avoid thelag－1ength playing a partin  

differentiation of the configuration，We do not useinformation criteria  

which are rather suited foridentification ofindividualmodels．，Asis seen  

below，the uncorTelation and the Gaussianity hypotheses seem mostly  

SuppOrted for－the residuals derived by fittingthelag－1ength a＝5。The  

董ittedmodelweusedisthecointegT．ated♪－dimensionalAR（5）inECMform  

represented by 

4 △Z（f）＝汀Z（≠－1）十∑r（々）△Z（才一々）＋〃十◎P（g）＋e（ヂ），  
々＝1  

（4“1）  

Where E（t）’s（t＝1，…，T）ar・e Gaussian white noise with mean O and  

Variance－COVariance matrix∑，and we choose P（t）the3×1vector of  

CenteredseasonaldummiessoasnottoproduceseasonaltrIendeffectsinthe  

levelofZ（t）．Thefirst50bservationsofZ（t）ar・ekeptforinitialvalues  

We summar・izeJohansen’s ML test for cointegr・ation rank［for the  

detailsseeJohansen（1988，1991，1995）］．ThehypothesisofindependentY 

COintegT’ationvectorsis  

〟（γ）：Ⅲ＝αβ＊，  （4“2）  

Whereα，βarebXr・matrices（r≦♪）suchthatr・ank（IT）＝＝r・If r・＝0，  

（41）r・educestoafull－rankunitrIOOtpr・OCeSS．Ifr＝P，thenIlisfullrank  

andtheprocessZ（t）isstationaryDenotebyR。（t）andRl（t）theresiduals  

Obtainedbyr－egreSSing△Z（t）andZ（t－1）on△Z（t－1），川，△Z（t－k＋1），  

1p，P（t）respectively。DefineabXカmatrIix Siiby  

7  

5ゎレ＝r‾1∑＆（J）旦・（J）＊，（∠，ノ＝0，1） 
f＝1  

（4．3）   
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Underthehypothesis（4．2），theMLestimatorofIlisfoundbythefollowing  

procedure［seeJohansen（1995），Theor’em6」1］：  

（1）Firstsolvetheequation  

い511－51。5一品15■。1l＝0，  （4・4）  

whichproducesthedecreasingSequenCeOfeigenValuesl＞）1．＞…＞）p＞  

oandthematrixconstitutedbythecorTeSpOndingeigenvector・Sウ＝（萌，  

・・，島），Whichisnormalizedsothe¢＊SllV＝T 

（2）Givenr，theMLestimatorofβisβ＝（疏，…，抗），forwhich  

γ エ品慧才（ガ（γ））＝15。。lⅢ（1一元） （4“5）  

ThelikelihoodratioteststatisticforthehypothesisH（r）againstH（P）is  

givenbythe‘trace’statistic Tt，。C。（r）（abbreviatedasT（r・））‥  

r（γ）＝－r孟1の（ト心  
i＝γ十1  

（46）   

TheasymptoticdistributionofT（t）isnonstandardandquantiletablesare  

givenbyOsterIWald－Lenum（1992）baseduponMonteCarlosimulationslIn  

thecaseofthereisnoorlittiepriorinformationaboutr，Wemightestimate  

rasfo1lows：DenotebyT（ill－α）the（1－α）quantileofT（i－）andbyデ（i）  

betheobserVationof r（i）．If f（0）＜T（oll－α），WeChose f＝0For r  

＝1，…，カー1，letタbethefirstrsuchthat  

デ（γ・－1）＞㌻（γ－1ll－α），andテ（γ・）＜丁（パ1－α），  

andifthereisnosuch r，thensetタ＝P 

TheestimatesoftheotherparametersarIeObtainedbyOLSbysetting  

Ⅲ＝αβ＊inthe equation（41）．Avar・ietyofaspectsoftheidentification  

problemarediscussedbyJohansen（1995），butwechooseinouranalysisthe  

leastr・eStrictivemodelspecification 

Remark4．1．Thenumericalcomputationsofthepaperwereconductedby  

FORTRANprogr・amS［seeYao（1996a）］”Byapplyingthoseprogr’amStO  

the seven macroeconomic series，Weinvestigated bivariate，tr’ivariate as   
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wellasfour－Variatemodels．SincethesizeoftwentyNyearquarterlydata  

cannotberegardedaslarge，tObeconservative，WeuSe T－n¢insteadof  

thesamplesize Tin（38），（3．9）and（3”11） 

TheestimatedeigenvaluesandthecorTeSpOndingeigenvectorsofthe  
bivariateandtrivariateaswellasfour－VariateinECMaregivenintables  

4，1．1，4．1‖2，4．2，4”3，r・eSpeCtivelyThevariablesofthemOdelsareindicatd  

edinthetablesTheobservedtracestatisticsarealsolistedinthetables  

The90and95percentquantilesinTable4．3forcointegr’atingrankr＝1，  

2，3，4arefromTablelinOsterWald－Lenum（1992）．Weestimaterinthis  

paperbasednotonlyonthe T（r）statisticbutalsoontheconsiderationof  

other・aSpeCtSOfdataandthecorreSpOndingmodel・Considerforexample  

theprocessofdeterminingthecointegT・ationrank r・for・thecaseoffour，  

variatemodelwherethenecessaryquantilesarelistedinTable4・3Itshows  

that デ（0）＝48。73＞43”95＝T（OEO。9）and テ（1）＝25，38＜26．79＝T（1LO．．9） 

Accor・dingtOtheaboveprocedureweselectダ＝1，WhichislistedinfigurIeS  

5。1（cl）and（c2）．Considerforanotherexamplethe determinationofthe  

cointegrationrankr・forbivariatemodelZ＝（Y，R）＊wherethenecessary  

quantilesarelistedinTable4．．1．2．Eventhoughtheobservedteststatistics  

indicatetwocointegT・atedr・elations，COnSideringtheobviousnonstationary  

natureofthenominalGDP，WeChoseタ＝1“Theparametersαandr（k），  

whichwillbeusedinthefollowingcausalityanalysis，arethenestimatedby  

theOLSmethodanddenotedby8，fl（k），（k＝1，2，3，4），reSpeCtively 

Acriter・ionfor・thelaglengthselectionisthatther’eSultingr．esidualsare  

uncorrelated to a reasonable degr・eeThisis checked by Portmanteau  

testsInthispaper・，insteadofusingtheLラung－Boxteststatistic［L拍ng  

andBox（1978）］whichisgivenby   

エβ（1S）＝r（r＋2）真去7わ′・（aメe品1eoメ＊舘），  

we usethefollowingmodifiedformgivenby Hosking（1980），Which has   
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Table4．1．1TheEigenvaluesandtheEigenVeCtOrSandtheTraceStatis・  

tics foll・Bivariate Models  

Eigenvalues  Eigenvalues   
（0．077 0．028）  （0．．113 0．．000）   

Eigenvectors  ♪－γ  ヂ   Eigenvectors  β－γ  デ   

M  o．583－0．319  1 213  R  O…601－0．．105  1 0小01   
Ic －0．．812 0．948  2  8．14  Ic  O．799 0．994  2  8．97   

EdgenVAlues  Eigenvalues   
（0．㈹4 0004）  （0．145 0．013）   

EigenVeCtOrS  カーγ  デ   Eigenvectors  か－γ  デ   

Ec  7“405 7691  1 0。29  R  O．902 0．．991  1 1．01   
Ic  O．286 0．286  2  7．69  Ec  o．432－0．137  2 12．78   

EigenValues  EigenValues   
（0183 0。047）  （0152 0‖049）   

Eigenvectors  カーγ  デ   EigenVeCtOr’S  カーγ  F   

Y －0766 0．993  1 3小64  M  O840 0．968  1 380   
Ec  o．643－0．115  2 18．78  Ec －0．543－0．251  2 16．12   

ヱyJ G間 〝J〟2＋現尺JGzJJ点αおち励J且ゆ0γよS，血J擁0γ玖  
且cJ′ゐ♂麒ゆ0γまSわCゐ去乃α，九JJゐ♂物0γよS，直弼C彪’弗α 

2γ左s班ゼC扇扉好矧ぬ相和戒  
37協β乃0勉∠わ乃．S（Z柁αJso㍑Sed舟γ■娩¢．舟Jわ紺査ク曙お∂ゐs  

better performancefor・Smallsamplesize：   

鞄（5）＝増琳縞1a油），  

When  

（4．7）  

7    Gメ＝r▲1∑ ざ正村＊ 
亡＝ブ＋1  

Under the nullhypothesis of uncorr－elation，the distribution of this test  

Statisticisappr・0Ⅹimatedforlarge Tandfors＞abyx2distributionwith  

degreesoffreedomf＝P2（s－a）whereaisthelag1engthofthemodel“For 

OurCaSeSOfbivar・iate，trivariateandfour－Var・iatemodels，WeChooses＝  

18and the observedstatistics arelistedin Table4”4．TheresultsinTable  

45supportthatalltheresidualsinthemodelsar・er・eaSOnablyuncorT・elated 
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Table4．1．2 TheEigenValuesandtheEigenVeCtOrSandtheTraceStatis－  

ticsfoll・Bivariate Models  

Eigenvalues  Eigenvalues   
（0146 0．035）  （0…112 0小055）   

Eigenvectors  カーγ  デ   Eigenvectors  カーγ  デ   

Y  O．834－0713  1 266  Y  O小986 0．997  1 4小28   
M －0．5510．702  2 14．46  R  O．166－0．075  2 13．16   

Eigenvalues  Eigenvalues   
（0．152 0．049）  （0。119 0．034）   

Eigenvectors  ♪－γ  テ   EigenVeCtOrS  か－γ  ヂ   

Y  O．．840 0．968  1 3．．80  Y －0620 0902  1 2．60   
Ex －0．543－0．251  2 16．12  Im  O．784－0．432  2 12．12   

Eigenvalues  Eigenvalues   
（0。152 0．051）  （0．204 0036）   

EigenVeCtOrS  か－γ－  ヂ   Eigenvectors  ♪－γ’ F   

M  O9110．．999  1 3，95  M －0．．735 0．909  1 277   
R  O．413 0．018  2 16．33  Ex  O．678－0．417  2 19．．90   

Eigenvalues  Eigenvalues   
（0．145 0．032）  （0小126 0．015）   

Eigenvector－S  ♪－γ■  ヂ   Eigenvectors  か－γ  デ   

R  O，262 0‖259  1 2．45  R  O。316－0．077  1 1．13   
Ex  o．965－0．966  2 14．19  Im  O．949 0．997  2 11．27   

Eigenvalues  
（01460．036）  

Eigenvectorsb－rデ  
Ex －0．574 0小866  1 2。71   
Im  O．819－0．499  2 14．53  

TheGaussianassumptionofthedistur・bancetermischeckedbyapply・  

ing the omnibus test for multivariate normalitygiven by Doomik and  
Hansen（1994）totheresidualsoftheestimatedmodels［see，fortechnical  

details，ShentonandBowman（1977）andDoornikandHansen（1994）］・Let  

R苧bethebXTmatrixoftheresidualswithsamplecovariancematrixF  

＝（ん）‖ CreateamatrixDwithther・eCiprocalsofthestandar■ddeviations  

Onthediagonal，   
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Table4．2 TheEigenvallleSandtlleEig・enVeCtOrSandtIleTraceStatisticsfor  

Trivariate Models  

TheEigenvalues  TheEigenvalues   
（0。303 0128 0．020）  （0け242 0．141 0．033）   

TheEigenvectors  ♪－γ－  デ   TheEigenvectors  少－γ  F   
Y O．829 0．886 0．788  1 1．51  M －0て46－0．．591 0。845  1 2．．52   
M －0“560－0．．462－0．．615  2 11．75  R －0012 0日069－0．017  2 13日93   
R －0．007 0．021 0．010  3 38．83  Ex o．665 0．804－0．535  3 34．70   

TheEigenvalues  TheEigenvalues   
（0．．2010．1310．031）  （0．．258 0．134 0．031）   

TheEigenvectors  か一γ  デ   TheEigenVeCtOrS  カーγ  ヂ   
M O．．749－0小508 0．．820  1  2‖37  Y －0．．794－0．．844 0“932  1  2小39   
R  O．111 0．004 0日016  2 12．93  Ex O．596 0．346－0．147  2 13．15   
Im －0．653 0．861－0．572  3  29．77  Im －0．120 0．409－0．331  3  35．53   

TheEigenvalues  TheEigenvalues   
（0“164 0106 0．．034）  （0．．169 0．115 0．032）   

TheEigenvectors  か－γ  ヂ   TheEigenvectors  か一γ  ヂ   
M O．934－0け797 0．919  1  2，59  M O．．749－0．508 0‖820  1  2．44   
R  O．358－0い018 0。012  2 10“99  Ec －0．388－0．．365 0．069  2 11．58   
Ic o．0210．603－0．394  3  24．42  Ic O．3310．773－0．443  3  25．48   

（4．8）  β＝成αg（ぷ1／2，…，．ぷ／2），   

and form the correlation matrix C＝DFDDefine the transformed  

matrix ofR，by  

尺。＝ム任．‾1′2〃＊β斤苧，  （4・9）  

whereL，isthediagonalmatrixwiththeeigenValuesofConthediagonal 

ThecolumnsofHarethecor・reSpOndingeigenvectors，SuChthatH＊H＝1L，  

andL＝H＊CH”Thenwecomputeunivariateskewnessノちこandkurtosis  

b2iOfeachvectorofthetransformedR2＝，i＝1，…l，b，Wherewefollowthe  

notations by Doornik and Hansen（1994）。Under’the nullhypothesis of  

multivariate nor・maldistrIibution of the residuals，the test statisticis  

asymptoticallydistributedas：  

且♪＝Z戸Zl＋冴品～ズ2（2♪），  （4．10）   
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Table4．3 TheEig・enValuesandtheEigenVeCtOrSandtheTraceStatistics  

for Four－Variate Models  

The Eigenvalues 

（0．．268  0163  0．124  0．028）  

The Eigenvectors カ‾γ  r  

1  2．．13  

2   12．．07  

3   25小38  

4   48．73  

M  O．735  0083  －0．382  0．864  

R  O“015  －0．021   0“047  0“006  

Ex  －0“677  －0．．584  0．781 －0‖096  

Im  O．041  0．808  －0．492  －0．495  

The Eigenvalues 

（0…241   0162  0．．093  0．．032）  

The Eigenvectors か－γ■  

1  2．42  

2  9．73  

3   22。97  

4   43．65  

M  O369  －0477  －0518  
R  O．566  －0．069  O 781 

Ec   －0．731  0…871 －0．．342  

Ic  O．097  0．097  －0．074  

Trace Statistics：T－Statistic  

80％  90％  95％  

166  2．69  3．．76  

11。07  13。33  15．41  

2364  26．79  29．．68  

40．15  43．95  47．21   

γ
．
 
 

一
1
2
3
4
 
 

β
 
 

J 7ブ／t－ nlJ＝・ゝ／（J／再／（小〃〃直／バ肌－r）り〃＝‘7柚ノ／′？（二）ゞいてハ丁／（／－ム1′′′′川  

〃．992ノ   

2乃esβす〟α邦f2■′査■βSα柁αJs0〟Sβ♂舟γ■7妻∂ねS4．J．J，4・J・之42   

whereZf＝（zll，…，ZIP）andZ2＝＝（為1，川，Z2P）aredeterminedby（4」11）  

and（4．．12）givenbelowinRemark42．TheobservedteststatisticsEpfor  

allthe models usedin this paper arelistedin Table4．5Those test  

statistics seem toindicate that therIeis no significant departur’e from  

Gaussianity”The resultsin tables4A and4l5ensure us that we may  

proceedtothediscussionsontheone－Wayeffectmeasurementonthebasis  

oftheproposedECM’s 

Remark4．2．（i）For・i＝1，…，P，thetransformationfor’theskewness、／ち言  

intozIzisduetoD’Agostino（1970）：   

OLIVE 香川大学学術情報リポジトリ



J999  香川大学経済学部 研究年季艮 39  

Table4．4 TheHg一StatisticsandtIlePLValues   

－プア多－－－  

Hg－Statb－Value   HgNStatb－Value   

Y＆M  55…8605  0“3319  R＆Im  51．3962  04976   

Y＆R  56．．9648  0。2956  Ex＆Im  68．．1974  0‖0653   

Y＆Ex  62．．9925  0‖1413  Y＆Ex＆Im  1417412  0”0596   

Y＆Im  58．3853  02524  Y＆M＆R  1294265  0．2037   

M＆R  42小1847  08325  M＆R＆Im  l160028  0小5087   

M＆Ex 61．．1332  01808  M＆R＆Ex  1333932  0．1427   

R＆Ex  59．6746  0．2168  M＆R＆Ex＆Im  229．2855  0．1492   

Y＆Ec  60．6232  0．1928  Ec＆Ic  624273  0．．1525   

M＆Ec  50“4564  05348  M＆Ec＆Ic  1252771 0．．2836   

M＆Ic  581883  0．．2581  M＆R＆Ic  1227860  0．3388   

R＆Ec 633306 0り1349  
R＆Ic 58．1436 0．2595   

1Hg－Statisticisdefinedby（47） 
2Thedegree offreedom ofthe HgTStatisticis4，60r8for bivariate  
model，tr・ivariatemodelandfourLVariatesmodelsr－eSpeCtively．This   
is also trueforthe nextTable45 

Table4．5 Testing・Nor・malityofResiduals  

Ep－Stat，D－Value   Ep－Statb－Value   

Y＆M  o．0940  0．9989  R＆Im  O．1067  0．9986   

Y＆R  l．1102  08927  Ex＆Im  O．．8692  0．．9289   

Y＆Ex  2．2849  0‖6835  Y＆Ex＆Im  O．5600  0小9970   

Y＆Im  O．6071  0“9623  Y＆M＆R  5．0317  0．5398   

M＆R  5“6457  02272  M＆R＆Im  lO小3059  0．1123   

M＆Ex  2“7026  06088  M＆R＆Ex  8．9454  0．．1767   

R＆Ex  7．6296  0．1061  M＆R＆Ex＆Im  12．5157  0．1296   

Y＆Ec  26474  06184  Ec＆Ic  O小5454  0小9689   

M＆Ec  2。5871  06291  M＆Ec＆Ic  3．．5588  07361   

M＆Ic  l1489  08864  M＆R＆Ic  l．4793  0．9609   

R＆Ec 75628 01090  O．5714  0”9998   

R＆Ic O．1205 0．9983   

1Ep－Statisticisdefinedby（4．10）   
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β＝3（r2＋27r－70）（r＋1）（r＋3）／（r－2）（r＋5）（r十7）（r＋9），  

甜2＝－1＋（2（β－1））1／2，  

∂＝1／（log、／訪）1′2，  

y＝、／ち言［（以2－1）（r十1）（r＋3）／（12（r－2））］1／2，  

（4．11）  

zl慶＝∂log（y＋（y2＋1）1／2） 

（ii）Fori＝1，…，A thekurtosisb2iistransformedfromagammadistribu－  

tiontox2，andthentransformedintostandardnormalz2iuSingtheWilson  

－Hilfertycubedroottr’anSformation：  

∂＝（r－3）（r＋1）（r2＋157、－4），  

α＝（T－2）（r＋5）（T＋7）（T2＋277「－70）／6∂，  

c＝（r－7）（r＋5）（r＋7）（T2＋2了、－5）／6∂，  

ゑ＝（r＋5）（r＋7）（r3＋377「2＋11了「－313）／12∂，  

α＝α＋∂1iC，  

ズ＝（∂2ゴー1－∂1£）2点，  

為童＝（（ズ／2α）1／3－1＋（1／9α））（9α）1／2  

（4，12）  

5．EmpiricalM：easurementofOne－WayEffect  

Inor・dertoillustrIatetheperformanceoftheWaldtest，WeaPplythe  

WaldtestinthissectiontothestudyofthecausalrelationshipsofJapanese  

macroeconomictimeseries．Thefollowinganalysesareconductedonthe  

model（4．1）．The empir・icalexamples would char’aCter’ize the recent  

Japanesemacroeconomyinviewoftheone－WayCauSality 

Forthemodel（4。1），lete（e‾l＾）betheadjointofthematrix  

ムー仏＋爾＊）e－まスー如（カレーまメスーe－i（汁1）り ブ 

＝1  

asgiveninSection3‖ Thenthemeasur’eSOfone－Wayeffectfrom YtoX  

arIeeStimatedonthebasisofthefrequencyr・eSpOnSeeStimateノ‡（e‾i＾）＝  

e（e－i＾）宜1′2andthespectrIaldensityestimatej（＾）＝左Jf（e－i＾）jf（e－i｝）＊ 

As for the numericalevaluation of D¢Gin（3．6），We Choose h＝0‥0001；   
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（al）M2＋CDtoGDP  

－了称－  

（a2）GDptoM2＋CD   

0  02爪 0り4J【0小知 0．8爪 爪  0 0‥加 014J【0血 0・伽 几  

J／ 〟潮廟〟＝減車抑止刷ハ7JJ万、  

2．ⅣJl侮〟sおわ5滋cgま〃β乃如βヱヱノ  

3CJJ7Ⅵg－95％coプポ血刀Ce窟乃ね柁αJ〆0〟0作乃Cα5β娩β弗0乃－Cα〝SαJ砂乃〟JJ  

々炒0≠ゐβS宣s左sγぢメ占cねの 

4且ゆ∂γ・よs－ノCプ邦βα搾5娩geゆ0γねわCゐ哀乃α，擁0γ由「〝∽gα乃S肋β左クワ砂0γよS．タロ∽  

C戯乃α 

Figure5．1Estimatedmeasuresofone－Wayeffect，identifiedcointegTation  

ranks，Waldstatisticsandconfidenceintervals  

after having conducted evaluation of theJacobian matr’ix for numer’OuS  

choiceincludingSmaller h，We found that the r’eSults were sufficiently  

Stable for h＝0．0001 

Figur・e5．11ists26plots of the estimated mO．There，plots（al）  

through（a15）showbivariatecases，andplots（bl）thrIOugh（b7）showtr’ivar－  

iate cases，While plots（cl）to（c4）are for four・－Var・iate．The estimates of  

cointegratingrank（r）andthe OMO（M）aswellastheWaldteststatistic   
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¢3）CaⅡRatestoGDp  （aりCa追Rate5tOM旺＋CD  

0  0．加 04花 0ノ′6几 0．き几 爪  

入  

（a6）CaMRatestoImpor也  

0  0，2爪 04几 0・（加 0g几 爪  

入  

（a5）Ca皿RatestoE坤Orb  

0  0．加 0．4JC O6J【08几 几  

入  

0  02爪 04爪 0」6詑 08几 几  

入  

Figure5．1Continued   
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（a7）CanRatestoExpo一也・JC   （a8）Ca址RatestoImporb・JC  

12  

10  

8  

6  

4  

2  

0   

0  02爪 0．4J【 0（～爪 08几 邦  

人  

（a9）E坤OrbtoGDp  

0  0．2几 0．4冗 06冗 0．8J【爪  

入  

（alO）ImporbtoGDP  
12  

10  

8  

6  

4  

2  

0  

12  

10  

8  

．く  

富6  

4  

2  

0  

0  0．2爪 04J【0（i几 0．8J【 几  

入  

0  0．2爪 0．4J【0。6几 08J【 九  

九  

Figure5．1Continued   
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W defined by（3．11）are also presentedin the figureSThe95per cent  

COnfidenceintervalsoftheOMO，incasethenu11hypothesisofnon－CauSal－  

ityis rejected，are alsolistedin the correspondingfigureSThe OMO  

estimatesareobtainedbynumericalintegrationoftheestimatedFMO’sby  

dividing［0，方］into200equalintervalsl・Foreachofthemodelswecalculate  

mOforfr・equenCypOints）i＝id200，i＝1，2，nr”，200．Asforthenum－  

berofdivisionof［0，7T］，WeCheckedmanycasesofinterValdivisionupto  

1200，andwef■oundthatthe200equaトdivisionoftheinterval［0，7r］isfine  

enough 

Although simi1ar computations were conducted on possible combina－  

tions and pairing ofthe sevenvariables，Only a few are eXhibitedinthe  

paper to save the spaceInview of Figure5”1，nOtable findingS are aS  

follows：  

・Theestimated OMOfr・OmM2＋CDtonominalGDPisaboutthreetimes   
Ofthatin the reverse direction，butboth of the two measures are not   

SignificantatO．05criticallevel［seeplot（al）］。SincetheカーⅤalueofthe   

Waldtestfortestingtheone－Wayeffectfrommoneysupplyto GDPis   

O，．08，eVenthoughtheeffectissmall，butsignificantatlOpercentsignifi－   

cancelevel”Plot（al）also showsthatthereisno one－Wayeffectinthe   

fr・equenCyband［0．42T，2T］，Or・inaperiodbandshorterthanoneyearand   

aquar・ter”TheestimateofthemOfr・OmmOneytOGDPhasapeakin   

theintervalof［0．，25方，OA7T］，SuggeStingthatitpossiblytakesaboutone   

year andaquarterfortheeffecttoappear．Thesecondpeak nearthe   

Originindicatestheexistenceoflong－runeffect 

・In general，CallRate has conspicuous one－Way effects to the other   

VariablesIncontrast，theeffectsinthereversedirectionaresma11and   

not significant［see plots（a3）to（a8）in Figure 5‖1］．The one－Way   

effectsofCallRatestoGDP，tOM2＋CDandtoImportsarever・ySteady  

inallthefr．equencyregion‖ Theplots（a5）and（a8）showthattheeffects   
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OfCallRatestoExportsandtoImports－JCarenotlong－run。Theone   

－Wayeffectinfr・equenCydomainofCallRatestoExportshasapeakat  

frequencyo．557r［seeplot（a5）］，implyingthatthehighesteffectcomesat  

the3rd quarter period．The presence of one－Way effect frominterest  

rateswouldseemr’atherconformabletotheconventionalunderIStanding   

of macroeconomic activities．．AIso this role ofinterest rates seems tobe  

COnSistentwithwhatSims（1980）foundinthemacroeconomicdataofU 

S 

・The plot（a9）shows that the one－Way effect from Exports to GDPis  

Significant．．The exports to China has one－Way effect to GDP and the  

CauSalmeasureiscomparativelylarge［OMO＝7”09，Seeplot（a15）］．The  

COTTeSpOndingone－Wayeffectinthefrequencydomainshowsthatbothof  

the two effects are notlong－run“The estimate of the OMO from  

ImportstoGDPis2。61andW＝2．．79withab－ValueO‖095［seeplot（alO）］ 

Itis only significant at O．1criticallevel．The oneMWay effect fr’Om  

ExportsandImportstoGDPis3。82andW＝327withaかValueO”07。The  

effects from GDP to Exports and toImports are not significant．The  

SignificantOne－WayeffectsfromGDPtotheexportstoChinaandtothe  

importSfromChinaar・enOtObsevedOnthewhole，itshowsthatduring  

the period we analyzed，theJapanese economic gr’OWthcan be thought  

derivedbytheexternaltrades  

・Theestimatedone－WayeffectfromExportsJCtoM2＋CDissignificant  

［see plot（all），OMO＝685，with a95percent confidence r・egion（5．73，  

7．96）］．ThemOisverylowaroundthefrequencyO32方．The OMOof  

Imports－JC to M2＋CDis 406［Wald－Statistic W＝105．04，See plot  

（a12）］．Theeffectiscomparativellystedyinthelower・frequencyband  

andisnotlong－r・unPlot（bl）showsthattheone－WayeffectofExports  

LJC andImpor－tS－JC to M2＋CDis significant（OMO＝641，W＝16．98）  

Thethr・eePlots（all），（a12）and（bl）showthatJapanesemoneysupplyis   
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partiallyeffectedbythetradebetweenJapanandChina 
・TheOMOfromImports－JCtoExports－JCissignificantbutverysma11  

［OMO＝005，W＝1717，Seeplot（a14）］Theone－Wayeffectisonlylong  

－runThereverseoftheOMO，theoneMWayeffectfromImports－JCto  

Exports－JC，iscomparativellylargebutnotsignificanthPlot（a13）implies  

that，inashortfrequencybandincludingthefrequencyO‖57T，the OMO  

maybesignlficant（theworkofstatisticaltestwillbeleftforthenext  
paper）Theempericalr・eSultsshowthatat95confidencelevelthereis  

nosignificantonepwayeffectsbetweenExportsandImports”Afurther  

investigation can tellus that at a compar・ar・ivelylarge Cr・iticalvalue，  

there exists a comparatively weak one－Way effect from Exports to  
Imports，andtheone－Wayef－fectmaybeonlylong－run 

・Theone－Wayef■fectofM2＋CDandCallRatestoImports－JCissignifi－  

cantandcomparativelyshort－runt［seeplot（b2）］小 TheOMOof M2＋  

CDandImports－JCtoExports－JCisO．3witha95confidenceregion（0”04，  

055）．Plot（b3）showsthattheone－Wayeffectareonlyconcentratedtotwo  

shortfrequencybandsincluding O．25刀・and Ol657T・The one－Way effect  

fr・OmM2＋CDandCallRatestoGDPissignificantandthecorr・eSPOnding  

one－Wayeffectinthefrequencydomainhas a peak at frequency OI47r  
［seeplot（b4）］，implyingthatthehighesteff■ectcomesfromaboutone  

year・andaquarterper・iod。Bothoftheone－WayeffectsfromM2＋CDand  

CallRatestoExportsandtoImportsarenotsignificantatO‖05signifi－  

cancelevel．Thesefindingsseemtoindicatethatmoneysupplyisineffec－  

tivetotheJapaneseexternaltradesinthisperiodofthefloatingexchange   

－rateOfJapaneseYen 

．our wald test shows that both of the effect frominterest rates and  
exports，andthatfrominterestratesandimportstomoneysupplyare  
significantatO05criticalvaluelTheformereffectisgreater・thanthat   

ofthelatter［seeplots（b6），（b7）］．Theone－Wayeffectofinterestrates   
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andimportstomoneysupplyisverIyStableinallthefrequencyregion［0，   

7T］．．The evidence alsoindicates that the one－Way effect ofexportsto   

moneyisnotsignificantandwehave  

〟y＿〟＝0．03，脇＿〟＝4．53，脆x＿〝＝189   

whereas  

〟y＋斤＿〟＝7．77，脇十且γ＿〟＝5．．86   

These resultsimply that for’SOme CaSeS a pOlicymixis needed andis   

perhapsmoreeffectivethanpursuing asinglepolicyobiective  

・TheeffectfromExportsandImportstoM2＋CDandCallRatesisstr’Ong   

and significant［see plot（cl）］．The effectin the reverse direction，the   

effectofM2＋CDandCa11RatestoExportsandImports［seeplot（c2）］，  

iscomparativelylargeinvalue（OMO＝4h82）butnotsignificant（W＝1”15   

with aかValue＝0．23）。The effect from Exports－JC andImports－JC to   

M2＋CDandCallRatesisstrongandsignificant［seeplot（c3），OMO＝   

5．60，W＝25”26］“TheeffectofM2＋CDandCallRatesto Exports－JC   

andImports－JC［seeplot（c4）］，iscomparativelylar・geinvalue（OMO＝   

5．77）butnotsignificant（W＝1．26withap－Value＝0。26）．Themagnitude   

Oftheestimated OMOitselfdoesnottelluswhetheraone－Wayeffectis   

Statistica11ysignificantornot，andatestisneededinjudgingthesignifi－   

CanCe．Asawhole，thefindingsimplythatintherecentJapaneseecon－   

Omy，the externaltrades have a significant one－Way effect on the   

monetarIySideoftheJapaneseeconomy 

To summarIize，the above empiricalanalyses show that ther・eis no  

Significantone－Wayeffectfromincometomoney，buttherever・Seeffectis  

SignificantatsizeO。1butnotsignificantatsizeO‖05‖Theinter・eStrateSin  

g－eneralcausetheothervariablesbutnottheother・WayarOund．Ingeneral，  

theextemaltradecausesmonetaryeconomybutnotintheotherdirection 

Evenso，themonetar－yeCOnOmyCauSeStheimportSfromChina．Asforthe  

effects ofexternaltradestoJapaneseeconomic growthinthe periodwe   
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dealtwith，thecauseismainlyfrom exportsbutitisnotlong－run，The  

empericalresult oftheimports from China doesnot affectJapanese eco－  

nomic gT・OWthThis may support the comman understanding that the  

economyofJapanandthatofChinaar’eCOOPerative，eSpeCiallyinthefield  

Ofexternaltrade．Theempiricalresultsalsoindicatethecasesforwhich  

policymiⅩmightbemoreeffective 

6．ConcludirLg・Remarks  

Inthispaperweshowthe one－Wayeffectcausalmeasure for cointe－  

gT’ated relations and show that causality hypotheses can be tested by  

Standard asymptotically x2distribut．ed Wald statistics．Not onlytesting  

CauSalityincointegratedrelationshipsbyoverallone－Wayeffectmeasure，  

Wealsodiscussedinferenceonthelong－runandshorトruneffectsbetween  

pairsofvector－ValuedtimeseriesinthefrequencydomainTheproposed  

methodincludes testing Granger’s non－CauSality as aninstance ofits  

multipleapplications 

Wepresentedhowthetheoryoftheone－Wayeffectisputintopractice  

andhowtointerpretempiricalevidenceinviewofthetheor’y．Theempiri”  

Calanalyses were conductedindetailfor seven quarterly macroeconomic  

Ser・iesfortheperiodofthefir－Stquarter’Of1975thr・Oughthefourthquarter  

Of1994inJapan．Our Waldtestshowsthatmoneycausesincomemi1dly  

butnotvicever－Sa［seealsoMorimuneandZhao（1997），Wheremainlythe  

StandardFtestandtheWaldtestpresentedbyTodaandPhillips（1993）are  

used］”Theone－Wayeffectsfr．ominterestr’ateStOtheothervariablesare  

COmparatively strong and significantin gener’albut notinthe r’eVerSe  

directions．．Ourfindingsseemtoindicatethatmonetarypoliciesisineffec－  

tive to the exterTlaltrades ofJapan and that the grIOWth ofJapanese  

economyis driven by exports‖The empericalr・eSults also support the  

COmmanunderstandingthat，intheperiodwediscussed，therelationshipof   
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internationaltradebetweenJapanandChinaiscooperIative 

Inthispaper，Wedidnot pur’SueSOphisticationwith respect to model  

SpeCificationandinferenceprocedures．Althoughthecointegrationmodel  

and the accompanyinginference method ofthe paperis mainlybased on  

Johansen’s，theyarenotessentialtoourcausalanalysisatallandcouldbe  

relaxedinmanydirectionsAsfor’Otherextensionsofthepaper，amOdel  

Whichallowsbreaksinthedeterministictrendmightbemorerealistic‖ By  

meansoftlleintegralofthemOonspecificfrequencybands，thelong－run  

and short－run CauSalrelationships should also be testedMoreover，  

althoughthe analysIS Of this paper relies entir’ely upon“simple”causal  

relations，ignOringinteraction with a third series，“partial”causalmea－  

SureS，Which explicitly takeinto account the presence of a third series  

effectanditselimination，mightbemor・edesirableifwestartfromawell  

pdefinedfullmodelofamacroeconomyTheproblemofeliminatingathir・d  

－SerieseffecthasbeendiscussedinGranger（1969），Geweke（1984），Hosoya  

（1998），and recentlyinHosoya and Yao（1999）．Statisticalinference and  

empiricalstudiesbased onthese approachwillbedealtwithinthe forth－  

coming papers 
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