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Abstract

Is themoneg/ demandn Taiwanstable?s moneg aluxury goodsin Taiwansuchthatincomeelas-
ticity is greaterthanone? A causalapplicationof Goldfeldtype of mongy demando Taiwanese
economygivesno to thefirst questionandyesto the secondone. This paperrigorouslyanalyzes
the mongy demandn Taiwan andattemptso provide moreaccurateanswergo thesequestioss.
We emplgy boththe ARMAX andcointegration modelsto studythe monegy demandandusethe
rolling estimateio examinethe stabilty of parameteestimate®vertime. Further we take into ac-
counttheimpactof stockmarketon money demand Our empiricalanalysisconcludeghatmoney
demandin Taiwanis stableandincomeelasticityis lessthanone. Wrongly including constant
termwithin a dynamicmodelwith laggeddependentegressorresultsin unstableestimatesver
time. Also, stockmarketis confirmedto have a significantimpacton money demand.



1 Introduction

Stability of mongy demandfunction haslong beenthe centralproposition of monetarymodels.
This function plays a key role in the New Classicalview of monetaryeffects, New Keynesian
analysisand somereal businesscycle models. SeeSagentand Wallace(1975) Mankiw (1991),
King, PlosserStockandWatson(1991). Empiricalliteraturein this areahave beenabundant.For
afew examplesseeGoldfeld(1973),JuddandScadding1982),Laidler (1985),HendryandEric-
sson(1991),Hoffman,RascheandTieslau(1995),andNell (1999). Somedid find a stablemoney
demandunction,suchasHoffman, RascheandTieslan(1995)andHendryand Ericsson(1991).
Someothersike Goldfeld (1976)andNell (1999),claimedthattheremight exist aninstablity in
mong/ demandunction. In the caseof Taiwan,therehave beena numter of financialliberaliza-
tion policy changesince1980,e.g. interestratederegulation,openingof a large numberof new
private banksjnsuranceeompaniesndstockexchangecompaniesandgradualopeningof monegy
andforeign exchangemarket to outsde invesbrs, and,hence,it is reasonabléo suspecthatthe
moneg/ demandiunction might becomeunstable.Applying Goldfeldtype monegy demando Tai-
wan'’s datawould typically leadto theresultof declininglong-runincomeelasticity In response,
mary local researchersecognizedhis possiblechangeand incorporatedinancial dereyulation
or innovationto improve the specificationof the money demandfunction. For exampk, seeWu
(1987),Lin (1997),ChenandHu (1997),Wu(1998),0u andLee (1999). However, it appeargo
usthattheinstabilty problemhasnotyetbeenrigorouslystudied.In this papemwe adoptarolling
estimatim approacho threemodels: Goldfeld model, ARMAX model,andcointegrationmodel
to shedlight onthe stability question.We alsoinvegigatetheimpactof stockmarket transactions
onmong/ demand.

The remainderof the paperis organizedas follows. Section2 discussessoldfeld type of
mong/ demandanddescribeshe data. Section3 presenteconometrianethodolog andanalyze
theempiricalresultsandSection4 concludes.

2 Goldfeld Type of Money Demand

Accordingto Baumol's (1952)transactiormotivation of money demandthe desiredreal money
demand;n* = M/P, whereM is the nominal mone/ supply and P denoteghe generalprice
index, canbe expressedisafunctionof realtransactiony, andopporturity costof holding mongy,
theinterestrates, thatis

m* = f(i,y). (1)



Sincethereexist adjustnentcostsactualmoney holdingsareassumedo adjustlinearly to thegap
betweerdesiredholdingsandlastperiods actualholdings.Thus,

my = My_1 + 7’](771;;< — mt_l) (2)

wheren is the coeficient of adjustnent.
Substituing equation(1) into (2), we canderie the well knowvn Goldfeld (1973) short-run
mone/ demandunction

my = Qg +aymy_ 1+ a2y + Clgit + € (3)

whereg, is theerrorterm.

In what follows, all the variablesconsideredn modelequationswill be expressedn loga-
rithmic metric. It thenfollows from equation(3) thatthe long-runincome(real transactionand
interestrateelasticitiesof money demandareas /(1 —a;) andas/(1—a4 ), respectiely. To evaluate
if the Goldfeldtypeof monegy demandits the Taiwaneseeconomywe estimatetherolling money
demandusingdatafrom thefirst quarterof 1978to thefourth quarterof 1999.Therolling estima-
tion beginsatthefirst quarterof 1987andendsatthelastquarterof 1999.We useM1B asnominal
mone/ demandand real grossdomesticproduct(GDP) as real transactionand one-monthtime
depositrate asopportuniy costof holdingmoneg.. Threeseasonatiummies areincludedin the
regressiormodelsto controlfor seasonalityeffects. As is oftenobsenedin otherempiricalanal-
yses regressiorresidualsof Taiwandataaredetectedo have strongserialcorrelation.We follow
the corventional practiceby fitting anAR(1) modelto residualsandthusthe modelbecomes,

. €
my = ag+ aymu_y + agyy + asiy + dy Dy + da Doy + d3Day + ﬁ 4)
wherem; : logofrealM1B
y; : logofrealGDP
Dy, Doy, Dy seasonaflummnies

B : Dbackshift(lag) operator

2.1 Data

All seriesconsideredn this paperare seasonallyunadjustedjuarterlydatataken from the ARE-
MOS databankReal GDPis measuredby GDP at 1996constanprice,interestrateis one-month
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time depositrate of the First Bank. Money is the averageof three end-of-the-monttmontHy
money supplydeflatedoy CPI. Figuresl reportsthefiguresof all threeseriesn their original met-
ric. During earlierpartof the sample jnterestratewasundergovernnment controlandmaintained
stablyatahighlevel. In the early 1980s,nterestratestarteddeclining,andbouncedackin 1988
whendergyulationand openingof a numberof nenv banksoccurred. GDP and M1B maintans
a growing trendwhile the former displaysa strongerpatternof seasonapattern. As mentioned
earlier all seriesaretakenlogarithm transformatio in modelfitting.

2.2 Estimation results

We fit equation(4) usingthe Maximum Lik elihood Estimaton procedureof RATS. Theresulting
estimate®f long-runincomeandinterestrateelasticitiesareplottedin Figure2.

It canbe notedfrom thefigurethatboththelong-runincomeandinterestrateelasticitieshave
adecreasingrend. Theincomeelasticitydeclinesrom 1.5to around0.6,whereagheinterestrate
elasticitydecreasefrom -0.4 to -1.7. The empiricalresultsthatincomeelasticityis larger than
unity is commonlyfound in Taiwan money demanditerature,e.g. Liu(1970), Liang, Chenand
Lin (1982)andLin (1997). Furthermorefrom Figure3, it canbe notedthatthe velocity of M1B
keptdecliningsincel970s.This phenomenohasled researcher® firmly believe thattheincome
elasticityin Taiwanis greaterthanunity. However, it is hardto interpretwhy Taiwanesepeople
regardrealmoney balanceasaluxury goods.

Financialtransactionsespeciallythoseat the stockmarket, play animportantrole but only a
small partof thesetransactionss countedin real grossdomesticproducts.SeeFriedman(1988),
Palley (1995),and Choudhry(1996). It is naturalto incorporatestockmarket transactionsn the
mong demandfunctionto improve the specification.SeeWu and Shea(1993),andWu (1995).
Thereexists otherfinancialtransactionsn Taiwan financialsectorsuchasbond,derivatves,and
futuresmarket. Limited by the dataavailability, we take into accountthe major andthe largest
financialtransactionsvhich arethe stock market transactions.Real stocktransactiorvolumeis
volume of TAIEX deflatedby consumerprice index (CPI). The times seriesplot of real stock
transactionvolumein Figure 1 shows that the stock transactionvolume maintans an increasing
trendwith largefluctuation.

To verify if theinstability of monegy demandandthe incomeelasticitybeinggreaterthanone
arecausedy the missng financialvariable,we addstocktransactiorvolume into the modeland
re-performrolling estimatia, thatis

L (5)

. €
my = ag+ aymy 1+ aglys + agiy + ayS; + diDyy + da Doy + d3D3g + ey



wheres; : log of stocktransactiorvolume.

The estimationresultsare reportedin Figure 4. Adding stock transactionvolume slighty
reducedthe incomeelasticity at early sampleperiod but doesnot curethe two problemsabove.
Incomeelasticitystill consistentt declinesrom aboutl.3to 0.7 andinterestrateelasticitydeclines
from -0.4t0 -1.0. As expected stocktransactiorvolumehasa positve effect on money demand.

From the empirical resultsit canbe notedthat althoughlong-runincome elasticitiesshav
reasonablenagnitulesaftertakinginto accounthe stocktransactiongherestill existsadeclining
trend. Moreover, interestrate elasticitiesalso have similar results. This implies that the money
demandM1B) functionof Taiwanmay be unstabé, andtheinstability would notchangesvenby
controlling for importantfinancialtransactions.

3 Econometric Methodology

Nonstatimarity is oneof thekey questionn estimatinghe money demandequation. Economists
typical approachs to assumeautorgyressve modelsfor the time seriesunderinvestgation, test
for existenceof unit rootsand,if confirmatve, thenproceedhe analysiswith cointegration anal-
ysis, particularlythe Johansemaximumlik elihood estimate methodwhich is built uponvector
autorgressiornrepresentationOn the other hand, statisics-orientedapproachsuchas ARMAX
stressesheimportanceof white noiseresidualandaremorewilling to adoptthe moving average
errortermwheneer the modelidentificationpointsto thisway. Cointegrationis lessemphasized
asit is believed to be sensitve to randomlevel shifts. SeeChenandTiao (1990).In this paperwe
performbothapproacheandcompareempiricalresults.

3.1 ARMAX model

The ARMAX modelfor anoutpu variablez; onk inputszy, ..., ;. are:
k
U(B)z =) ¢i(B)i + (B)e; (6)
i=1

whereB is thebackshift,or lag,operatory(B), ¢;(B) andr(B) arerationalpolynomalsin B, and
¢; IS thewhite noiseterm. For easeof comparingwith Goldfeldtype of money demanddescribed
above andthecointegration modelin thenext sectionwe specificallylimit thecandidatenodelsto
thosewhichincludelaggedmoney demandn ¢ (B). As is pointedout by StevenHall thatregular
andseasonatlifferencingarelikely to washoff structuralchangef mone/ demandwe do not
take differenceunlesstheresidualdiagnostt checkingsuggestsodoing.
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A modelis specifiedfollowing the stepsbelow. First, in econometricapplication,choice
of ¢)(B) and¢,(B) areoftenguidedby subjectmatterconsiderationsuchasthe money demand
equationasin (3). Next, useACF, PACF andESACF (ExtendedsampleAutocorrelatiorFunction)
to checkif theresidualdehace lik e thewhite noise.SeeTsayandTiao (1984).1f not,appropriate
modelstructuregor theresidualsareidentified. Next, all parameterareestimatedgsimutaneously
andoutlier effectsare diagnosticalf checled. If outliersare detectedthenre-estimateo adjust
for outlier effect. Finally, diagnosticallycheckthe whitenessof the new residuals. Repeatthe
modelingprocesauntil all diagnost checksare passed.SeeChang,Tiao, and Chen(1988)for
details.

3.2 Cointegration M odel

Let Y; bea4x1vectorgeneratedby avectorautorgressve procesf orderk,

AY; = U+ ot + (I)Dt + HY;_l + FlA}/t_l‘F, cey +Fk_1AY;§_k+1 + & (7)
Whel’eY;/ = [ my Y Tt St ]
D, : vectorof dummy variables

Assumehatthecharacteristicootfor Y; areeitheronor outsideunit circle. Asis indicatedoy
GrangerRepresentatiorthe rank of matrix I, denotedasr, determineghe long-runpropertyof
Y;. If 0 < r < p thenthereexist two pxr matriceso, 3, suchthatll = o’/3. Undertheassumptin
thatall seriesin Y; areatmost/(1), thenthereexist r cointegrationvectors, suchthat 3'Y; is
1(0). Johansei(1995)hasderivedthe maximum lik elihoodestimate®f 3, « andotherparameters
underthe null hypahesisthatthereis r cointegration vectorsandthe limiting distribution of the
likelihood ratio teststatisics of having r cointegrationvector

The appearancef error correctionterm makes cointegration model differentfrom corven-
tional vectorARIMA models.Difficulty of interpretingcointegrationvectorarisesvhenthereare
morethanonecointegrationvector In suchcase furtherrestrictionsneedto be imposedio make
the structuralcointegratian vectoridentifiable.SeeHall andZonzilos(1999)for details.Also, due
to large amountof parametersapplyingJohansemrocedureto shortseriesof smallsamplesize
usuallyleadsto unstablesstimatia results.Smallchangeof modelspecificatiormight sometines
resultin very differentestimationresults.



3.3 Empirical results

We now turn to the estimaton resultsfor the ARMAX modelingapproach.We specificallyre-
tain laggedmoneg/ demandasa regressorto comparewith Goldfeld money demand.The model
specificatiorprocedureaesultin the following model:

my = a1Mmy—1 + a2yt + agit + CL4St + dlDlt + ngQt + nggt + 91€t_1 + ¢ (8)

where s; is the stock transactiorvolume and D;, Do, D3, are three seasonablummies which
appeatrin all modelsconsideredn this paper Estimaton resultsfor the whole sampleareputin
Tablel.

It is worth noting thatthe incomeelasticiy is around0.79[=.1466/(1-.851)] while interest
rate elasticityis significantlynegative, -0.8480[=-.1568/(1-.8151)].As expected the stockmar
ket transactiorposesa significantly positive effect on monegy demandwith elasticity being0.09
[=.0171/(1-.8151)]. The MA termsis significant,which justifiesits appearanceMostly impor-
tantly, the constantermis insignificantandis, hence droppedfrom the model. The ESACF for
theresidualgs summarizedn Table(2), whichis consistentvith white noise.

Rolling estimagsfor ARMAX modelwith sampleendpointsstartingfrom 1987Q1to 1999Q4
aresumnarizedin Figure5. From this figure, we find a surprisingresult—the long-runincome
elasticityvariesstablywithin therangefrom 0.86and0.80throughouthewholerolling estimaton
period. The variationof long-runincomeelasticity before1991is relatively large but stabilizes
considerablysincethen. Similar phenomenoholdsfor long-runinterestrateandstocktransaction
volumeelasticitesin thattherolling estimatesvary agreatdealbefore1991but becomevery stable
after1991.Therelativelargevariationof money demancelasticitybefore1l991canbeexplainedby
thechangeof financialsystemandregulationthen. Fromtheseestimateswe candraw aconclusion
that mong/ demandin Taiwan is stable,at leastafter 1991. An importantquestionthenarises.
WhatcauseshemarkeddifferencebetweenGoldfeldtypeof mone/ demandliscusse@arlierand
ARMAX modelof money demandspecifiedin (8)? A simplecomparisorrevealsthe differences
in modelspecificationsFirst, ARMAX modelcontainsanextravariable,stocktransactiorvolume
andcornventional Goldfeldmodeldoesnot. Second ARMAX usesMA(1) modelfor theresiduals
while Goldfeld adoptsAR(1) modelfor theresiduals.Third, ARMAX hasno constanterm but
Goldfeldmodeldoes.

To determinethe real causewe have estimatedwo additional models: Goldfeld modelwith
stocktransactionvolumeincludedbut without constantand ARMAX modelwith constant.The
resultsof rolling estimatesare reportedin Figures6 and7. A quick examinationwould lead
to the discovery thatit is omisson of the insignificant constantthat stabilze the parameteesti-
mates.Adding stockvariableandreplacingAR modelfor residualsvith MA modelfor residuals



doeshave someeffect but notin a fundamentaivay. This seemsa surprisirg answey asit is the
economisttraditionto includeconstanevenwhenit is insignificant. Furthermoreconstanterm
hasbeenusedasa safeguardagainstneglectingimportantvariables.Therole of constanwithin
a dynamicmodelis animportantissueanddeseresfurther research.To briefly summarizethe
ARMAX empiricalresultssupportthe existenceof stablemoney demandn Taiwan.

Next, let usturn to the empiricalresultsof cointegrationanalysis. The unit root testresults
areputin Table3, which clearly supportthe existenceof unit root. It is well known thatthe form
of determinist termsof VAR will affect the limiting distribution of the cointegrationrank test
statistcs. More specifically therearefive modelsdependingipondeterminstic terms,

o 1:=0,6=0,

2 p=af,d=0,

03:/14)7&075:0,
o 44040, —afl,
.S:NO#():(S#O:

Let M;;,i = 0,1,...,p,j = 1,2,3,4,5 denotemodel: with j cointeggrationvectors. Then
to obtainpropersize,we shouldstarttestingthe mostrestrictve A/, ; usingeitherTraceor L,, .,
statistcs. If H is rejectedthenwe shouldproceedwith theorder M 1, My 2, My 3, Mo 4, Mo 5,
M, ..., M,5untilwhenH, is notrejected.Table(4) summarizesheranktestresults.

Thetestresultdeadto M (0, 3) thatis, unrestrictecconstantermwith no cointegration vector
However, M (0, 3) is barely unrejectedat 90% and )\, Statisics suggestone unit root. The
univariate statistcsfor all four seriesundertheassumptin of oneunit rootareputin Table5. The
diagnostt checkingstatisticandicatestheresidualdehae lik e white noise. While the normalty
testis badly rejected,it is the typical casefor the datain Taiwan. It is worth mentionng that
removing stocktransactionsariablefrom themodelwouldleadto clearlyno cointegrationresults.

Theestimate®f cointegration vectorandloadingmatrix areputin Table6. Notethatall four
parameterbave thecorrectsignsastheorypredicts.Long-runincomeelasticityof money demand
is positive but is aslow as0.295. Interestrate hasnegative effect and stock market transaction
positive.

To further examinethe stability of cointegration estimate we performtherolling estimaton
andreporttheresultsin Figures8 to 10. Fromthefigures,we find the estimatedisplayinstability
at early 1993but remainstablesincethen. This resultseemdo be consistenwith the ARMAX
modelingresults.



4 Conclugson

We useARMAX modelingandcointeggration modelingto analyzethe stability of money demand
in Taiwan. Both modelsconfirmstheimportanceof stockmarket transactionn specifyingmoney

demand.Whenmoneg/ demandunctionis properlyspecified,incomeelasticityis lessthanone.
Also, thestabiity analysidor bothmodelssupportheexistenceof stablemoney demandunction.

Wronglyincludingconstantermwithin adynamicmodelwith laggeddependentegressoresults
in unstableelasticityestimate®vertime.



Tablel: Estimationresultsof ARMAX model

Variable Parameter Coef.  Std. t-ratio
my 1 a; .8151 .0289 28.17
y a; .1466 .0189 7.39

[ as -.1568 .0199 -7.87

S as, .0171 .0054 3.16
MA(1) 6, -.3365 .1011 -3.33
Dy d, .0235 .0064 3.64

D, d, -.0494 .0076 -6.49

D5 d; -.0327 .0063 -5.16

Table2: ESACF for ARMAX residuals

Q
0 1 2 3 4 5 6 7 8 9 10 11 12
0| .o6 .18 .02 .04 .16 -07 .08 -08 .07 -12 -06 -06 -10
1{-30 .18 -08 -00 .15 .04 .01 -01 -02 -13 .08 .00 -01
2| .00 -083 -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|1-03 .01 -42 -05 .16 -03 -01 -01 -00 -10 .00 -.04 -.04
5| 42 .12 .17 .07 29 -06 .02 -05 .05 -0 .00 -02 -.01
6| .28 -29 .17 -04 06 .23 .03 -05 .07 -02 -01 -02 -01

Simplifiedexterded ACF (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
1 X 0] O o O O @) @) @) O o 0] o
2 O 0] O o O O @) @) @) O o 0] o
P|3 O 0] X O O O O O O O O O O
4 O O] X O O O O O O O O @) @)
5 X 0] O o X O @) @) @) O o O o
6 X X O o O O @) @) @) O o 0] o

X' meansignificantand’O’ insignficant.




Table3: Unit roottestresults

Level Ty
M,B | -1.160
GDP | -1.450
r | -1.650
S |-1.031

First Difference

AMB
AGDP
Ar
AS

—3.88
—4.44
—5.65
—8.12

Ty
gf
i
vl
7t

Table4: Testsfor cointggrationrankanddeterministt terms

eigenvalues
r n-r| Modell 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| Modell Model2 Model3 Model4 Model5
0O 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 7951 11581 5433 10.113 8.858
3 1 1.187 2.419 1.635 2.049 0.949

Source:Hansen% Juseliusl995appendixB, TablesB1-B5
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Table5: Diagnostc checkingstatistcs

Univariate Statistics
Eq. Std.de Skewness Kurtods Normality 2
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 white noise
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: Cointggrationvectorandloadingmatrix

m Yy r

S

Cointegrationvectors: 3’

1.000| -0.295| 0.538 | -0.250

LoadingCoef. o

0.054| -0.131| -0.017| 1.657
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