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ABRSTRRACT

Long run real monoy domand and velecity functlons f{er the narrcew monetary
aggragatae Hl are tested by maeans of the cointegraticn approach developsd Ly

and Jurellup {1990}, The results suppert the esxlatence of a

Johanaen
intersat and the

nyonkbomatic relatlonehlp hetwesn Hl-veloclty, the rata of
axchange rata. An interaatling aspect of the trivariate error correctleon
vector autoregrasalve analyeis 1s the evidence of bldirectlional causality
batwnan the saxchange rate and velocity. Furthermors, changes 1ln rate of
interast provide infeoiwatlon that helps predict futura movemants of Hl-
valoclity. Finally, the results derived {rom Engls and Grangar (1387) two-
atep procedure puggnast that Ml-valocity ls subjact to control through
pellicy-induced Interest rate and exchangae rata movementa, thus justifying

the adoptlon of Hl ae a uasful menestary target,
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LINTRQDUCTION

Since the mid- 19705, when the drachma was unpepped hom the US doellar, the
Creck monvlary authorilics have framed the mapagement of monelary policy m
lermis of targel prowlh rates for various financial agpiegales {lor a susvey ser,

Roarl

as, 19883, The lagetry of the narruw money agprepate M1 {cunency in

>

=

circnlationt plas private sighl deposils) has played an impoztant role in the making
of monctary policy.

For a monatary aggregate to be uscful as an inlenmediale Lagel, Hhere
shondd exist somne sort of equilibdum relationship between i and  ather
macrovconomic variabiles, such as prices, uulput and interest rates. One implicalion
of this Tong run relationship is thal shocks fo mency are reflected on prices, oulput
and 1he rale of interesl, implying that movemnents among these varables will be

closely associated thus oboying an equilibrivm constraint.

The present paper addiesses Lo issues. Firstly, it tests whelther the
exislence of a long mun dMi-velocity funetion is consistent with the lime serie
analysis of the Greek data by mcans of the ceinlegration methodology develisped
by Jobansen and Juselias (19903, thus justifying the adoption ef M1 as a vwelul
monetary toget. The velocity funclinn is studicd only aflter testing the inconwe
homogencily restriction on the real mooney demand. Then, 1he analysis uses vecton
auloregressive (VAR) modelling ta test the dynamic inleractions between kil
velncity and policy-controlled vasiables,

The rest ol the paper s organised as (ollows. Seclion T discusses
iethodological issues. I Seclion I, the empizical yesolts are reporled and

discussed. Cnncluding remaiks are presented in Seclinn IV,

el

1 METHGDOLOGICAL 1SSUTLS
It is an empirical fact thal many macrorconomic time series are charaglerised by
nonstationarities, implying that the cassical f4est and Ptest are inappropriate

because he limiting distribution of The asyapintic variince of the paramcter

eslimates s nol finitely defined (Fulle, 1935). Appropriate tests have been
develaped by Fuller 09706), Dickey aned Puller (1981), Phillips (1957), and Perrom
(1988) 1o lest whether a time senies S s inlepialed af order one (henceforth 100
against the allernative ol zero onder inlegration (13,

The long num linkage between a number of seres can be looked at from the
viewpoint of coinlegration (Engle and Granger, 1987). Lot x, be a vedor of ne

component time serics each integrated of The same order ko Then v is said to be

cointegratel of order kp, if there exists a yector L such that:

sl—-.l'x‘ i

is Kk-p), p>0. 5, being 0} implics that the novariables of x, da net drift away from
onge another over the Jang run, obeying thus an equilibrivm selationship. 0 L
exists, it will not be unique as there can be several equilibiam n-l‘llic_\nships
linking n>2 wvariables Fogle and Granger (1987) have sugpested a testing
procedure for  cointegration in the case where n=2. Recenl advances in
cointepralion theory (fuhansen 1988, Johansen amd Juscliog 1998 have developad
tests reparding the sumber of coinleprating vectors, The procedure is based on
regressing the noelement veclors Axg and x, oon Ax,, -1, g 1, and ebniining, the
associaled n-clement residual vectors Bg and 1, The tes) statistic for the number
al coinlegrating veclors is obtained by solving the cigeuvalue problem

105, - 54 'Sa,| - C

49 w ““II



T
whore H'l =T '!'.R.,RI(' ij-Nq
1=1
and T denotes the number of abseibations?
The hkelibood salio (LIY stalistic

—Ith-rTf: |h(l*j.‘)I L
1

15 test Lthat there are al most v eoinlegrating vedtors versus the general allernative
fzaved, where A conresponds 1o the nes sioslles cigenvalues, The pyr mabix of
cointegrating veclors B can be obtained as the roncelemenl cigeovechns
cortesponding Lo

The LR statistic for tesling that there are roversus ol asintegeating veclon

s given by

=2n(@Qirdr )= TIni -4, ) &

Cansider the follawing semi-lag linear coal money dentand equation:

4
(o, -p’]"(nl‘ plEas p)','TR,'C".‘”,

where 15 a constanl, and m,, p, oy, e, denole the logs of the tominal money
balances, the price level, the real fnceme and the nominal effective rxchange tite
of the Greck drachma respectively. ) s the interest rate and 1y is the crior term,
Eauation 1 wlich assmmes mency market equilibriom, shows thal e fonyg nn
reat mwney demmd depends positively on the 1eal incone ad the exchisnipe 1ate,
ard negatively ot the rate of setam which proxies The opporiunily cosl of holding

money balances. Due o the underdeveloped nature of money and capilal marhets

4

in Greeee, terny depusils are considered 1o be Lhe altpernative partiolio chonce Thus,
the 3-6 monthy inlerest rale s used o proxy the opportunily cost of holdirg
Iransaction Lalances. A theorelical justification for iackision of e eachange rate in
the money demand cquation is assorialed with ils effect on real wealth, Then as
the exchange rate falls {depreciates), if he country is o net debtor in foreipn
denominated assets, the home curtetcy vabue ol wealth falls, s weducieg e
demand for moncy (ranson and Builer, 19507

Equalion 1 can be also wrtten as a velocity [unclion:

S0, tp ) a1 By, 7R, Bey o, {5t

whers all the vasiabies are definesd above and sy s the ereer term, 15 i 1 e
elasticity of the demand for moncy (%) is equal to one, changes in veloidy wll

anly depend onmuovements in the interest rate and the exchanpe rate

HIL EMPIRICAL RESULTS

Quarterly seasonally unadjusted data on A1, the gross demeslie product {07 at
conshant 1970 prices, Ihe copsner puice index O, the 3 6 menth interest rate (73
and the effective exchange rate of the Greek diachma (5 a1e used over the period

1975.1-1988.3 daring which a managed Noaling repime bas been adopted !

With respeet o the wnivaniale time series propribies of the data, Lhe weaults
reposted 0 Table 1 indicate that nun slationarity cannot be repected o the Jevels
al all the series at e D05 significence Jevel In contraat, s hen the dats are
diffezenced, non-slationarily can be tejoctad ball cases.

The reselts of testing Foz The nwnber of cobteprotivg vectors i model 4 are

tepoited in Jable 25 Fhie LI test statistics that there are 2o comlrpgrating vegbors



repat the null hypothesis against the 95% critical value. Morcover, 1he null
hypothesis that there is al most one cointegrating veclor is u.l:iu rejectad ol the
samie Tevel of significance. The LR Lests that there are al most Lwo cointegraling
veclors aecepl the hypothesis tat al least two bul possibly three cointegrating

vectors are present in the data.
The resolts of the masimom cigenvalue which also reported in Fable 2

suppesl tial there ae two comdegrating vectors, althoupgh only the signs of the

sevonsd vector make economic sense. By narmalizing on that veclor yields,

(m, p)=-553¢1.15y-0.02R10.25¢, (4

Al LR test for the income hempenvily restrction reporied in Table 2
isudicates that the restriction [1=1 s ol rejecled at Lhe significance level of 0.05.

The analysis is then carricd oul for Mi-velocity of circulation. The Juhansen
ard Jusclius results reported in Table 3 reject the hypolhesis of zero cointergaling
viulors m favour of one coinlegrating vector: vi-0.01 1,4 0.240,-4.58. Cie implicalion
of thus fiading is 1hat shecks which affect Ml-velucity are reflected on the rate of
mitervsl and the exchange rale, implying that movemenls in v, will be closely

assaciated with changes in By and e, 1hus obeying an equilibrinm constraint.

all, the  cointegration  resulls suggpest thal  lhe data generation

(&
mechanisay ul the trivanale systom (v, I, ) should be modelled as an enor
coriection vectur autaregressive (HCVAR)Y specification. A trivariale REVAR model

with pne coinlegrating vector is specificd as:
B t

Ayzag AUIAY, B EC, vt &

-1 1

where v IR e vl is a 3xl veelor of endogenons vanalles; ag is a fbaed inlercepl

i
veclor, AL A AL A GD] s a 33 poelyimims] matsis in the Tag cpeerator,

with .'\'(H |".‘|lf|,] \;"_{I.) m,(ﬂl', prlens =000 e 3 B8 denotes (he

cointepraling veclon, and befby b, L) ds a0 30 vedlor of cocllivients v oas a0 i
veclor of white noise crvors with propesties: o0, Blor 08 when e
zera otherwine, with (2 denoting Hhe variance-covanance matiis of residuaks

The stialepy .uir‘i»inl e ospecifying Hhe mommber of ligped Ay lens
Eoguation 7 was baasd o Abaike’s (JU08) infoomation erteoon an unplesanted s

Flsiao (19790 A s nomber ob 4 lags was consideredin onden b perses o

reasonable mmmber of Jdeppees ol bealoms The selecled dap Tengih o

rneatnee b the

checked Tor tive presence of serial carrelation aszociated with the
g structure. The selectad ags are given in dabie 4 Dbenet eslimates e
abtained by using the secinogle nneliled regre sdons (SLTRY entimaton

The resnlts of (,;r.mp;r'l (.m‘;lhl_\' tests piven i Tabde 1osngeest thet e
in Dhe rale ol inletest amd the exchange tate provide infenoatios (hat hejps piedet
future movesents e Kb velocity, The sipgnilivance of the BO e i Gty
equition introduces an additional channel thrapgh awlich Coanger canansy can
ety (Granger, 1088) Iherelore hoth channels of caveality an prosest ther e,
the I"'l?{'-“‘l Ar amd A aig sygabicant, o is e corffioient on the 1O tenm Pl fa
thal ouly one of the EC coeflicients s sipniheent Telin us et the adpedna -
testore vquilibrivn is baorne I\nm.ullv biv velovity

shreslilibbal 27N

1= wenth noticing Hat e apmficanee of the 1071
al ipnoring the oo ton propertivs of the data and esing, o eddiiemal 5 00 e
cifference e o detect consality patterns (Cranger, 1988

Changes i velocty have peedictive v Sod v et in he v b

IR T T}

Fale Thus dndwating that Hue e hange rate cenned sore ase e bl adeats

fatize comrse of f4 veleciiy, Finally, solesest sale v enes s sen Db D s
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exopenous with respect Lo clanpes in the exchange rale and the velocity of money.

To teat for instanlancous cansalily between the variables concerned, the
cuntemputaneans innavation correlations of the model have been caleulated. The
results of Table 4 do not show e presence of significant conlemporaneous
cornelatians.

In view af these findings, the Engle and Granger (1987) bvoe-slep procedure
15 apphivd o the following EC modet of Ml-velocily of circulation:

Av,E-B 03 - 0254y, - OO2AR,, - 0.2348,, - 055w,
1001 uis] [$.008] [@1] {0.13)

R0 93, seec0020, Derbin's h=085, X i)=382, XL, (121004, X, (1)=017,
N (22050, N =01, X (1232 1465, K3, (11021402, X008 13414

The term Wy, denates the OLS estimated residuals from the cointegrating
regiession 9, under the restriction that f-1. The rale of change in the effective rate
has @ sigmficant negative impact on the rate ol change in the velocity wilth a lime
fag uf two guarlers. In other words, a fall in 1he exchange rate reduces the demand
for money; for a piven path of the nominal meney supply, money market
equilibrium requines a price level which is higher than the price which woukl have
privailed  otherwise. The higher Jdomwstic price level, achicved through the
deprediation ol the douuslc currendy, mMereases the nominal incame and velocily.
The rate of change in the interest rale significantly aflects av, with a time lag of
ot quarter. The EC tenn wy, signtficantly alfecls Av, indicating the exislence of
pratket forces in the money marhet that operate o reslore long, run equilibrinn
alier a short mu distucbance. Fisally, all the diagnoslic tests rejict any sort of

migs pacilca lion.

IV CONCLUDING REMARKS

This paper has concentzated on the analysis of Mlvelocity hunction in Greeee
Cointugralion Lesls have 1evealed  the exislence of 2 syrtumatic relahanship
Letween velocity, The rale of interest and 1he exchange rate. One imoplication of
these Jindings is thal shocks which altect v, are tellected o T and o implving
that movermenls amoy these variables will be closeiy associatod thus obeyving an
cquilibrinm eonslraint, An inleresting aspect of the wivariale error coonechen
victor auloregressive analysis is the evidence of bidsectional causality briween the
(:xclmnuc tate and [\-11—\'L-'iu("1ly of circulation. Furthocrmore, (h.m:.;ra in e rate of
interest provide infonnabion that hepls predict fubre mevements ol velooly
Finally, the results devived from Engle and Granger twoe step procedure sug et
that Mi-velodity of diculation is subject o control thiough policy-inchiced interesl
rate and exchange rate movements, thns justifying e adoeplion of 313 as a vseful

minelary larpet,
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NOTES
1. The caleulalion ul e eigenvectors of SH,_SM"S,,‘ with respect Lo §, can be
Lransfurnied into a stagdard eigenvalue problen by using Choleshd decompasiticn

L

since the cigenvalues hat solve 135, S 5,15,) also solve '.?»'-'C"‘.i“,,‘im

S, 0200 Premaduplying the gigenvectors of 1he standandized probles by o

ay

ore can olitiin the original eigenvediors nonmaliced such that ES E-L Vhe
caleulatwons of the egenveciets have heen performed nsing the tomputer packaye
RATS 1o, VAR Fronometiivs, Inc/12oan Assuciates.

2 The presence of the exchanpe rale in e money demand egnation i also
fustified on empirical groumds. Some atlempls 10 nclpde e rate of change in the
cilective rate, were  unsuccessful. The inclusion of the exchange rate may alsp be
justificd by reference to the anrrency substitation llerature.

3. The data for ML and R bave heen oblained fron Bank of Greece's Maonthly

Seatistical Bullvtiy, various issnes. The daga Ter the eileclive exchange rate was

Findly provided from the ecanamic research depagtment of the Bank al Greecr.
The Jaw for Y and ' are Laken from the Navonal Aceounls of Creece, lebruary

5

1989, and IME's Infernational Financial Stadistics, various issues respeclively.

4. The reection of 4 unit reat in Uhe level of real income based on Phillips (14987
and Perron 01988) lest s ifue (o the presence of a8 woenzere ncan (2,507,
202945 The distribetion of the DE Lust is not however invariant with respect
to the presence of a nonzero nwan or a lime trend {Dickey and Fuller, 1979
Thckey of ab{1986) recomumend apainst e inclusion af a tinw resd ina univariate
tinse senwes model, since such an inclusion woulkl make a randon walk anodel
laoks stationary, with the 12F 1est having low power. They also argue Lhat first

differencing will ramove a deterministic trend S 00 is present, thus (he lower power

10

of the 1 stalistic may be mory condfortiug han slavining. fardweomore, Hylleberg
and Miron (1989) recommend the use of e DF disuibution in small sioples
woless the drift is enoomous.

5. Fhe two sets of regressions which discessed in Secriom 11 ined b ahe daia with
three lags and scasonal dummics. The constant termy was exchaded from the
regressars bul appeared inomodal (43

£ Ninnbers in squared brackets are stanclied errars. Subscripts SCLHO snd 1R
vefer to the tesl slatistics for seral correlation,  luncthonal  misspecificatinn,

noonality and heteroscedasticity, The predictive lndure Test (1Y) s calculaied over

the period 1986.1-1988.3.
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Tabte 3. Johansen-Juselius Cointegration Tests: v=-a R Beea
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DI, P denote the Lackey-Falier amd Philbips-Penmn amit reol lests vesjen hively,
The PP test s caloolated with g dagy leopily cquals to 5. Figstes in squased Deaclats
denote Lhe munber of lagped dependent variables in the regrestion, The seheelion

Lrebseen zeroaned sonzers Lags was based on the Lapgiange saliphed(0M) test Tor

fomtth-ander cenal corelabion of the tesiduals. Figuies i porentheaes aeler o dhe
vahiues of the LNi{4} stalishic. The resl of the entnies are he values of the oot aonl
tents, 1he critical value of wehich at the 003 lovel is 298 Tor 150 (Enlles, 1970,

The colwmn & reports the ealeulated cipenvalues, see also neles o Taldl

[RECIR

Palile 2 jobansen Jusclins Cointepration Tests: (i) =os -yl ohe i,

TS} T D 1<l e e
Trme 8112 TR 1903 anr
Ao % 10,72 21,87 16,42 0.5l

Lt statistic for Testing Long; Run Incotne Hanwgeneily

i Ulmi Lesitictien Ligenvalues LR-Tesl

- (055 0.35 1.3 0,01 0.0) .

INIE! 051035006009 ) 22155

Mash tolein 1o the maximal ri};vm-alnm. The entry 2 denotes the nombaer of
deprees of frecidom of ,\'7"” atatistic. Critical values are taken rean Johansen and

Juselins (1220).

Table 1. Gragrs-Cansality Tesis and Corsclution Cocfficicnts inan FCVAR Model

system Dep. LagsfQt21) MEL of X i-ralic of
Vjble 1, 1, n'y, EC tenn
Al Ae,Av AR {3.1,13/095 ouor 06y 0.61 -1.56
Ae (1,1,1)/0 346 VR B RV Doy (154
fv (1,2,1) /0048 o uoess 0020 -4.51"
T Correlation Caefficients éflﬂ;;::h’uuS
Vi les (A1, Av) (AR 4v) {AeAv)
Values -0.1 -0.08 0.0k o

1Y, (30, 117 tests the hypothesis that the lagged rates uf interest (exchange rales,
velocily) are joantly nsigficant in vach regression. The column lags denotes the
number of lagped dependent arcl independent variables in each equation, Q21
relers o 1he warginal significance level (MSL) of the Lung-Box (1978) Q slatistic
for serial correlation al 21 degrees of Deedom. ™ () indivates significance at 5%
{(IU%). EC,=v-0.0113,+0.24¢, ,-4.58.
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