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Abstract

Is themoney demandin Taiwanstable?Is money a luxury goodsin Taiwansuchthatincomeelas-

ticity is greaterthanone? A causalapplicationof Goldfeldtypeof money demandto Taiwanese

economygivesno to thefirst questionandyesto thesecondone. This paperrigorouslyanalyzes

themoney demandin Taiwanandattemptsto provide moreaccurateanswersto thesequestions.

We employ both theARMAX andcointegration modelsto studythemoney demandandusethe

rolling estimateto examinethestability of parameterestimatesovertime. Further, wetake into ac-

counttheimpactof stockmarketonmoney demand.Ourempiricalanalysisconcludesthatmoney

demandin Taiwan is stableand incomeelasticity is lessthanone. Wrongly including constant

termwithin a dynamicmodelwith laggeddependentregressorresultsin unstableestimatesover

time. Also, stockmarket is confirmedto haveasignificantimpactonmoney demand.



1 Introduction

Stability of money demandfunction haslong beenthe centralproposition of monetarymodels.

This function playsa key role in the New Classicalview of monetaryeffects, New Keynesian

analysisandsomereal businesscycle models.SeeSargentandWallace(1975),Mankiw (1991),

King, Plosser, StockandWatson(1991).Empiricalliteraturein thisareahavebeenabundant.For

a few examples,seeGoldfeld(1973),JuddandScadding(1982),Laidler (1985),HendryandEric-

sson(1991),Hoffman,RascheandTieslau(1995),andNell (1999).Somedid find astablemoney

demandfunction,suchasHoffman,RascheandTieslan(1995)andHendryandEricsson(1991).

Someothers,likeGoldfeld(1976)andNell (1999),claimedthattheremightexist aninstability in

money demandfunction. In thecaseof Taiwan,therehave beena number of financialliberaliza-

tion policy changessince1980,e.g. interestratederegulation,openingof a largenumberof new

privatebanks,insurancecompaniesandstockexchangecompanies,andgradualopeningof money

andforeignexchangemarket to outside investors,and,hence,it is reasonableto suspectthat the

money demandfunctionmight becomeunstable.Applying Goldfeld typemoney demandto Tai-

wan’s datawould typically leadto theresultof declininglong-runincomeelasticity. In response,

many local researchersrecognizedthis possiblechangeand incorporatedfinancial deregulation

or innovation to improve the specificationof the money demandfunction. For example, seeWu

(1987),Lin (1997),ChenandHu (1997),Wu(1998),Ou andLee(1999). However, it appearsto

usthattheinstability problemhasnotyetbeenrigorouslystudied.In thispaperweadopta rolling

estimation approachto threemodels:Goldfeldmodel,ARMAX model,andcointegrationmodel

to shedlight on thestability question.We alsoinvestigatetheimpactof stockmarket transactions

onmoney demand.

The remainderof the paperis organizedas follows. Section2 discussesGoldfeld type of

money demandanddescribesthedata.Section3 presentseconometricmethodology andanalyze

theempiricalresultsandSection4 concludes.

2 Goldfeld Type of Money Demand

Accordingto Baumol’s (1952)transactionmotivationof money demand,thedesiredreal money

demand,���������
	 , where � is the nominal money supply, and 	 denotesthe generalprice

index, canbeexpressedasa functionof realtransaction� , andopportunity costof holdingmoney,

theinterestrate� , thatis

� � ��
�� ��������� (1)
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Sincethereexist adjustmentcosts,actualmoney holdingsareassumedto adjustlinearly to thegap

betweendesiredholdingsandlastperiod’sactualholdings.Thus,

����������� �"!$#��%� ��'& ����� � � (2)

where# is thecoefficientof adjustment.

Substituting equation(1) into (2), we canderive the well known Goldfeld (1973)short-run

money demandfunction

���(�*),+-!.)/�0����� �"!.)21 � �3!.),4 � �3!�56� (3)

where 57� is theerrorterm.

In what follows, all the variablesconsideredin modelequationswill be expressedin loga-

rithmic metric. It thenfollows from equation(3) that the long-runincome(real transaction)and

interestrateelasticitiesof money demandare )812� ��9 & )/� � and ),42� ��9 & ):� � , respectively. To evaluate

if theGoldfeldtypeof money demandfits theTaiwaneseeconomy, weestimatetherolling money

demandusingdatafrom thefirst quarterof 1978to thefourthquarterof 1999.Therolling estima-

tion beginsat thefirst quarterof 1987andendsat thelastquarterof 1999.WeuseM1B asnominal

money demandandreal grossdomesticproduct(GDP) as real transactionandone-monthtime

depositrateasopportunity costof holding money. Threeseasonaldummies areincludedin the

regressionmodelsto controlfor seasonalityeffects. As is oftenobservedin otherempiricalanal-

yses,regressionresidualsof Taiwandataaredetectedto have strongserialcorrelation.We follow

theconventionalpracticeby fitting anAR(1) modelto residualsandthusthemodelbecomes,

���;� ),+-!.)/�0����� �"!.)21 � �3!.),4 � �3!�<:�>=��?�3!.<,1,=@1A�3!.<24B=C4D�3! 57�
9 &FE�G (4)

where��� H log of realM1B

� � H log of realGDP
=��I� � =@1D� � =@4D� H seasonaldummies

G H backshift(lag)operator

2.1 Data

All seriesconsideredin this paperareseasonallyunadjustedquarterlydatataken from theARE-

MOS databank.RealGDPis measuredby GDPat 1996constantprice,interestrateis one-month
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time depositrate of the First Bank. Money is the averageof threeend-of-the-monthmonthly

money supplydeflatedby CPI.Figures1 reportsthefiguresof all threeseriesin theiroriginalmet-

ric. During earlierpartof thesample,interestratewasundergovernmentcontrolandmaintained

stablyat ahigh level. In theearly1980s,interestratestarteddeclining,andbouncedbackin 1988

whenderegulationandopeningof a numberof new banksoccurred. GDP andM1B maintains

a growing trendwhile the former displaysa strongerpatternof seasonalpattern. As mentioned

earlier, all seriesaretakenlogarithm transformation in modelfitting.

2.2 Estimation results

We fit equation(4) usingtheMaximumLikelihoodEstimation procedureof RATS.Theresulting

estimatesof long-runincomeandinterestrateelasticitiesareplottedin Figure2.

It canbenotedfrom thefigurethatboththelong-runincomeandinterestrateelasticitieshave

adecreasingtrend.Theincomeelasticitydeclinesfrom 1.5to around0.6,whereastheinterestrate

elasticitydecreasesfrom -0.4 to -1.7. The empirical resultsthat incomeelasticityis larger than

unity is commonlyfound in Taiwan money demandliterature,e.g. Liu(1970), Liang, Chenand

Lin (1982)andLin (1997). Furthermore,from Figure3, it canbenotedthat thevelocity of M1B

keptdecliningsince1970s.Thisphenomenonhasledresearchersto firmly believethattheincome

elasticityin Taiwan is greaterthanunity. However, it is hardto interpretwhy Taiwanesepeople

regardrealmoney balanceasa luxury goods.

Financialtransactions,especiallythoseat thestockmarket,play animportantrole but only a

smallpartof thesetransactionsis countedin realgrossdomesticproducts.SeeFriedman(1988),

Palley (1995),andChoudhry(1996). It is naturalto incorporatestockmarket transactionsin the

money demandfunction to improve thespecification.SeeWu andShea(1993),andWu (1995).

Thereexists otherfinancialtransactionsin Taiwanfinancialsectorsuchasbond,derivatives,and

futuresmarket. Limited by the dataavailability, we take into accountthe major andthe largest

financial transactionswhich arethe stockmarket transactions.Realstocktransactionvolumeis

volume of TAIEX deflatedby consumerprice index (CPI). The times seriesplot of real stock

transactionvolumein Figure1 shows that the stocktransactionvolumemaintains an increasing

trendwith largefluctuation.

To verify if theinstability of money demandandtheincomeelasticitybeinggreaterthanone

arecausedby themissing financialvariable,we addstocktransactionvolume into themodeland

re-performrolling estimation, thatis

���J� )2+K!.)/�0����� �"!�),1 � � !.)24 � �L!.),M2NO� !.</��=P�I�L!�<,1,=@1D�3!�<,4,=@4A�3! 56�
9 &FE�G (5)
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whereNQ� H log of stocktransactionvolume.

The estimationresultsare reportedin Figure 4. Adding stock transactionvolume slightly

reducedthe incomeelasticityat early sampleperiodbut doesnot curethe two problemsabove.

Incomeelasticitystill consistently declinesfromabout1.3to0.7andinterestrateelasticitydeclines

from -0.4to -1.0.As expected,stocktransactionvolumehasapositiveeffect onmoney demand.

From the empirical resultsit canbe notedthat althoughlong-run incomeelasticitiesshow

reasonablemagnitudesaftertakinginto accountthestocktransactions,therestill existsadeclining

trend. Moreover, interestrateelasticitiesalsohave similar results. This implies that the money

demand(M1B) functionof Taiwanmaybeunstable,andtheinstability wouldnotchangeevenby

controlling for importantfinancialtransactions.

3 Econometric Methodology

Nonstationarity is oneof thekey questionin estimatingthemoney demandequation.Economist’s

typical approachis to assumeautoregressive modelsfor the time seriesunderinvestigation,test

for existenceof unit rootsand,if confirmative, thenproceedtheanalysiswith cointegrationanal-

ysis, particularlythe Johansenmaximumlikelihoodestimatemethodwhich is built uponvector

autoregressionrepresentation.On the otherhand,statistics-orientedapproachsuchasARMAX

stressestheimportanceof white noiseresidualandaremorewilling to adoptthemoving average

error termwhenever themodelidentificationpointsto this way. Cointegrationis lessemphasized

asit is believed to besensitive to randomlevel shifts.SeeChenandTiao (1990).In thispaper, we

performbothapproachesandcompareempiricalresults.

3.1 ARMAX model

TheARMAX modelfor anoutput variableR � onk inputsS �I� �B�T�U�T��SLV � are:

W � G �>R �(�
V
X?Y � E X � G �0S X �3!$Z[� G � 57� (6)

whereB is thebackshift,or lag,operator,
W � G ��� E X � G � andZ\� G � arerationalpolynomialsin B, and56� is thewhite noiseterm. For easeof comparingwith Goldfeldtypeof money demanddescribed

aboveandthecointegration modelin thenext section,wespecificallylimit thecandidatemodelsto

thosewhich includelaggedmoney demandin
W � G � . As is pointedoutby StevenHall thatregular

andseasonaldifferencingarelikely to washoff structuralchangesof money demand,we do not

takedifferenceunlesstheresidualdiagnostic checkingsuggestssodoing.
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A model is specifiedfollowing the stepsbelow. First, in econometricapplication,choice

of
W � G � and E X � G � areoftenguidedby subjectmatterconsiderationssuchasthemoney demand

equationasin (3). Next, useACF, PACFandESACF(ExtendedSampleAutocorrelationFunction)

to checkif theresidualsbehave like thewhitenoise.SeeTsayandTiao(1984).If not,appropriate

modelstructuresfor theresidualsareidentified.Next, all parametersareestimatedsimultaneously

andoutlier effectsarediagnostically checked. If outliersaredetected,thenre-estimateto adjust

for outlier effect. Finally, diagnosticallycheckthe whitenessof the new residuals. Repeatthe

modelingprocessuntil all diagnostic checksarepassed.SeeChang,Tiao, andChen(1988)for

details.

3.2 Cointegration Model

Let ] � bea4x1vectorgeneratedby avectorautoregressiveprocessof order ^ ,

_ ] �;� `a!.bQcd!�e\=C�3!�f ] ��� �"!�gh� _ ] �i� ��! �B�B�B�j� !Cg V � � _ ] ��� V,k �"!$l8� (7)

where ]\m� � ��� � �on2�JNQ�
=C� H vectorof dummy variables

Assumethatthecharacteristicrootfor ] � areeitheronor outsideunit circle. As is indicatedby

GrangerRepresentation,the rankof matrix f � denotedas n , determinesthe long-runpropertyof

] � . If prq n q.s thenthereexist two s xn matricest(��u , suchthat fv� t m u . Undertheassumption

that all seriesin ] � areat most w �>9 � , thenthereexist n cointegrationvectors,u suchthat u m ] � is

w � px� . Johansen(1995)hasderivedthemaximumlikelihoodestimatesof u-�Bt andotherparameters

underthenull hypothesisthat thereis n cointegration vectorsandthe limit ing distribution of the

likelihood ratio teststatistics of having n cointegrationvector.

The appearanceof error correctionterm makescointegration modeldifferent from conven-

tionalvectorARIMA models.Difficulty of interpretingcointegrationvectorariseswhenthereare

morethanonecointegrationvector. In suchcase,furtherrestrictionsneedto beimposedto make

thestructuralcointegration vectoridentifiable.SeeHall andZonzilos(1999)for details.Also, due

to large amountof parameters,applyingJohansenprocedureto shortseriesof small samplesize

usuallyleadsto unstableestimation results.Smallchangeof modelspecificationmightsometimes

resultin verydifferentestimationresults.
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3.3 Empirical results

We now turn to the estimation resultsfor the ARMAX modelingapproach.We specificallyre-

tain laggedmoney demandasa regressorto comparewith Goldfeldmoney demand.Themodel

specificationprocedureresultin thefollowingmodel:

������):�0���i� �"!.),1 � � !�),4 � �3!.)2M,y �3!.</�>=��I�3!�<,1,=@1D��!.<,4,=@4A�3!.z2��56�i� �"!.56� (8)

where NQ� is the stock transactionvolume and ={�?� � =@1A� � =@4A� are threeseasonaldummies which

appearin all modelsconsideredin this paper. Estimation resultsfor thewholesampleareput in

Table1.

It is worth noting that the incomeelasticity is around0.79[=.1466/(1-.8151)] while interest

rateelasticityis significantlynegative, -0.8480[=-.1568/(1-.8151)].As expected,thestockmar-

ket transactionposesa significantlypositive effect on money demandwith elasticitybeing0.09

[=.0171/(1-.8151)].The MA termsis significant,which justifiesits appearance.Mostly impor-

tantly, theconstantterm is insignificantandis, hence,droppedfrom themodel. The ESACF for

theresidualsis summarizedin Table(2), which is consistentwith whitenoise.

Rollingestimatesfor ARMAX modelwith sampleendpointsstartingfrom1987Q1to1999Q4

aresummarizedin Figure5. From this figure, we find a surprisingresult–the long-runincome

elasticityvariesstablywithin therangefrom 0.86and0.80throughoutthewholerolling estimation

period. The variationof long-runincomeelasticitybefore1991is relatively large but stabilizes

considerablysincethen.Similarphenomenonholdsfor long-runinterestrateandstocktransaction

volumeelasticitiesin thattherolling estimatesvaryagreatdealbefore1991butbecomeverystable

after1991.Therelativelargevariationof money demandelasticitybefore1991canbeexplainedby

thechangeof financialsystemandregulationthen.Fromtheseestimates, wecandraw aconclusion

that money demandin Taiwan is stable,at leastafter 1991. An importantquestionthenarises.

WhatcausesthemarkeddifferencebetweenGoldfeldtypeof money demanddiscussedearlierand

ARMAX modelof money demandspecifiedin (8)? A simplecomparisonrevealsthedifferences

in modelspecifications.First,ARMAX modelcontainsanextravariable,stocktransactionvolume

andconventionalGoldfeldmodeldoesnot. Second,ARMAX usesMA(1) modelfor theresiduals

while Goldfeld adoptsAR(1) modelfor the residuals.Third, ARMAX hasno constantterm but

Goldfeldmodeldoes.

To determinetherealcause,we have estimatedtwo additional models:Goldfeldmodelwith

stocktransactionvolumeincludedbut without constant,andARMAX modelwith constant.The

resultsof rolling estimatesare reportedin Figures6 and 7. A quick examinationwould lead

to the discovery that it is omission of the insignificant constantthat stabilize the parameteresti-

mates.Adding stockvariableandreplacingAR modelfor residualswith MA modelfor residuals
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doeshave someeffect but not in a fundamentalway. This seemsa surprising answer, asit is the

economist’s traditionto includeconstantevenwhenit is insignificant.Furthermore,constantterm

hasbeenusedasa safeguardagainstneglectingimportantvariables.Therole of constantwithin

a dynamicmodelis an important issueanddeservesfurther research.To briefly summarize,the

ARMAX empiricalresultssupporttheexistenceof stablemoney demandin Taiwan.

Next, let us turn to the empiricalresultsof cointegrationanalysis.The unit root testresults

areput in Table3, which clearlysupporttheexistenceof unit root. It is well known thattheform

of deterministic termsof VAR will affect the limit ing distribution of the cointegrationrank test

statistics.Morespecifically, therearefivemodelsdependingupondeterministic terms,

| 1: `}� p~� b�� p ,
| 2: `}� tLu m+ � b�� p ,
| 3: `"+��� p~� b�� p ,
| 4: `"+��� p~� b�� tLu m� ,
| 5: `"+��� p~� b��� p~�
Let � X?� � ��� � p~� 9 �B�B�B�j�As3��� ��9 ���
���~���
��� denotemodel � with � cointegrationvectors.Then

to obtainpropersize,we shouldstarttestingthemostrestrictive ��+ � � usingeitherTraceor ���(���
statistics. If � + is rejected,thenweshouldproceedwith theorder, ��+ � � � ��+ � 1 � ��+ � 4 � ��+ � M � ��+ � � ���� � � �B�B�B�j� ��� � � until when � + is not rejected.Table(4) summarizestheranktestresults.

Thetestresultsleadto ��� p
���
� thatis, unrestrictedconstanttermwith nocointegration vector.

However, �o� p~���x� is barely unrejectedat 90% and ���(��� statistics suggestone unit root. The

univariatestatisticsfor all four seriesundertheassumptionof oneunit rootareput in Table5. The

diagnostic checkingstatisticsindicatestheresidualsbehave likewhite noise.While thenormality

test is badly rejected,it is the typical casefor the datain Taiwan. It is worth mentioning that

removing stocktransactionsvariablefrom themodelwouldleadto clearlynocointegrationresults.

Theestimatesof cointegration vectorandloadingmatrixareput in Table6. Notethatall four

parametershavethecorrectsignsastheorypredicts.Long-runincomeelasticityof money demand

is positive but is as low as0.295. Interestratehasnegative effect andstockmarket transaction

positive.

To furtherexaminethestability of cointegration estimate,we performthe rolling estimation

andreporttheresultsin Figures8 to 10. Fromthefigures,we find theestimatedisplayinstability

at early 1993but remainstablesincethen. This resultseemsto be consistentwith theARMAX

modelingresults.
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4 Conclusion

We useARMAX modelingandcointegration modelingto analyzethestability of money demand

in Taiwan.Bothmodelsconfirmstheimportanceof stockmarket transactionin specifyingmoney

demand.Whenmoney demandfunction is properlyspecified,incomeelasticityis lessthanone.

Also, thestability analysisfor bothmodelssupporttheexistenceof stablemoney demandfunction.

Wrongly includingconstanttermwithin adynamicmodelwith laggeddependentregressorresults

in unstableelasticityestimatesover time.
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Table1: Estimationresultsof ARMAX model

Variable Parameter Coeff. Std. t-ratio����� � ):� .8151 .0289 28.17

y ),1 .1466 .0189 7.39

i )24 -.1568 .0199 -7.87

S ),M .0171 .0054 3.16

MA(1) z2� -.3365 .1011 -3.33=�� <:� .0235 .0064 3.64=@1 <,1 -.0494 .0076 -6.49=@4 <,4 -.0327 .0063 -5.16

Table2: ESACF for ARMAX residuals

Q

0 1 2 3 4 5 6 7 8 9 10 11 12

0 .06 .18 .02 .04 .16 -.07 .08 -.08 .07 -.12 -.06 -.06 -.10

1 -.30 .18 -.08 -.00 .15 .04 .01 -.01 -.02 -.13 .03 .00 -.01

2 .00 -.03 -.04 -.01 .15 .03 .01 -.01 -.01 -.12 .06 -.00 -.01

P 3 .02 .01 -.41 -.01 .15 -.05 -.01 -.02 -.01 -.11 .05 -.00 .01

4 -.03 .01 -.42 -.05 .16 -.03 -.01 -.01 -.00 -.10 .00 -.04 -.04

5 .42 .12 .17 .07 .29 -.06 .02 -.05 .05 -.00 .00 -.02 -.01

6 .28 -.29 .17 -.04 .06 .23 .03 -.05 .07 -.02 -.01 -.02 -.01

SimplifiedextendedACF (5%Level)

Q

0 1 2 3 4 5 6 7 8 9 10 11 12

0 O O O O O O O O O O O O O

1 X O O O O O O O O O O O O

2 O O O O O O O O O O O O O

P 3 O O X O O O O O O O O O O

4 O O X O O O O O O O O O O

5 X O O O X O O O O O O O O

6 X X O O O O O O O O O O O

’X’ meansignificantand’O’ insignificant.
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Table3: Unit root testresults

Level ��� First Difference ������ G -1.160
_ ��� G & �~�%�
�x� �¡ =¢	 -1.450
_P¡ =¢	 & �~�%�
�x£:�n -1.650

_ n & �~�%¤
�
£ �y -1.031
_ y & �
� 9 �
£ �

Table4: Testsfor cointegrationrankanddeterministic terms

eigenvalues

r n-r Model1 Model2 Model3 Model4 Model5

0 4 0.2585 0.2587 0.2543 0.2693 0.2678

1 3 0.1683 0.2481 0.1439 0.1724 0.1623

2 2 0.0783 0.1045 0.0447 0.0926 0.0909

3 1 0.0142 0.0287 0.0195 0.0244 0.0114

Tracetest

r n-r Model1 Model2 Model3 Model4 Model5

0 4 48.062 60.087 42.680 51.866 49.431

1 3 23.242 35.246 18.330 25.822 23.560

2 2 7.951 11.581 5.433 10.113 8.858

3 1 1.187 2.419 1.635 2.049 0.949

Source:Hansen& Juselius1995appendixB, TablesB1-B5
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Table5: Diagnostic checkingstatistics

UnivariateStatistics

Eq. Std.dev Skewness Kurtosis Normality ¥ 1
1 0.0257 0.0377 3.2961 1.477

2 0.0433 2.4854 18.0335 41.440

3 0.0090 0.3248 3.3468 2.251

4 0.3637 0.0721 2.5508 0.338

MultivariateStatistics

Testfor whitenoise

LB(20) CHISQ(252) = 279.656 p-val = 0.11

LM(1) CHISQ(16) = 17.740 p-val = 0.34

LM(4) CHISQ(16) = 16.235 p-val = 0.44

Normality

CHISQ(14) = 43.647 p-val = 0.00

Table6: Cointegrationvectorandloadingmatrix

m y r s

Cointegrationvectors:u m
1.000 -0.295 0.538 -0.250

LoadingCoef. t m
0.054 -0.131 -0.017 1.657
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Figure1: TimeSeriesPlotsfor RealVariablesin Logarithm
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Figure2: Long-runElasticityof M1B: No StockVolume,AR(1), Constant

®F¯�°�±:²B³?´~µB¶U·I¸

¹�ºD»j¹ ¹?ºA»½¼ ¹?ºA»½¾ ¹�º½¾A¿ ¹?ºD¾�À ¹�º½¾�» ¹�º½¾�º ¹?º�Á7Â ¹�º>Á6Ã ¹?º�ÁDÁ ¹�ºDºj¹ ¹�ºDº½¼ ¹?ºAº½¾¼�¿
Á7¿
¹?ÂD¿
¹?»D¿
Â½¿A¿
Â6¼�¿
Â>Á7¿

Figure3: Velocityof M1B
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Figure6: Long-runElasticityof M1B: AR(1), StockVolume,No Constant
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Figure7: Long-runElasticity of M1B: MA(1), StockVolume,Constant
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The Trace tests
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Figure8: Rolling estimateof tracestatistics
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lambda1
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Figure9: Rolling estimateof eigenvalues

Test of known beta eq. to beta(t)
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Figure10: Rolling estimateof u estimate
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