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Abstract: Besides the analysis of a wide range of other economic raalcfal indica-
tors, money is highly relevant in the monetary strategy of thepgean Central Bank
(ECB). However, the prominent role for money requires a stableey demand func-
tion. This analysis is of importance for the new member courtdfidse European Un-
ion (EU) as well, as they will are expected to join the euea & some years. In this
study a money demand analysis is conducted using panel coirdegnaithods. A
well-behaved long run money demand relationship can be identified fottig iex-
change rate as part of the opportunity cost is included. In therlongector, the in-
come elasticity exceeds unity. Moreover, the US-Dollar exghaate seems to be more
appropriate than the euro.



1 I ntroduction

In May 2004 the European Union (EU) enlarged by eight Central astdrBduropean
countries and two mediterranean countries. These countries agradcbaty that they
will join the exchange rate mechanism (ERM) Il and introduceetire, if a country

fulfils the convergence criteria of the Maastricht treaty. €hasnditions include ceil-
ings for inflation and interest rates, budget deficits and goverhdebt, and exchange
rate stability. After the euro introduction the Governing Council ofEG# will also

get the responsibility of monetary policy for these countriee. ECBs monetary policy

is embedded in a monetary strategy.

In 1999, the ECB (1999) published a monetary strategy, which containsiltars to

conduct its monetary policy. The ECB gave the monetary aggrétiat@ prominent

role in the first pillar. In Spring 2003 the ECB redefined itstegya The discussion in
the ECB ended up with a confirmation of a two pillar strategyBE003). The first
pillar contains the economic analysis of price risks in the short.tThe second pillar
includes the monetary analysis of price risks in the medium amcnlong-run, where
the monetary aggregate M3 has again a prominent role. Hencenahétary aggregate
remain important for forecasting price risks. In line with teeosid pillar, money de-
mand analysis of the new EU members will become more relevanthe monetary
strategy a stable long run money demand function is required, wheey memand is

linked to other macroeconomic variables like income and interest rates.

In the period of transition, foreign determinants can also play @&atrate in explain-
ing money demand. During periods of high inflation, the Central andrBdsteopean
countries experienced a partial replacement of domestic bygfocerrencies, either as
a store of value or a medium of exchange. Therefore the exchaage presumably
important to money demand behaviour in these states. As the eunstnwdsiced to the
public not before 1999, euro and US-dollar rates are considered aktelgnat the

analysis.

In order to estimate long-run money demand functions for the new meoietries,
cointegration techniques are employed (see for example Engley€sri987). As most
countries are transition economies, they have to manage enormousrakrcicanges.

Hence it is difficult to obtain data for a long period. The esteéd parameters, which



are based on a short period, are not very reliable. Evidently, esgifioa long-run pa-
rameters require data for a long period. Alternatively, thgpgacan be extended, if the
information of all countries is pooled. This is done by panel intiegrand cointegra-
tion techniques (see Banerjee 1999). Specifically, the proceduresdodnif (2000),
Mark and Sul (2002) and Breitung (2002) are used to get efficiematss of the coin-
tegration parameters.

The results indicate that a well-behaved money demand functidpbecgustified only if
the exchange rate is allowed to enter the specificatioredaced systems containing
money, income and interest rates, a long run relationship cannot beedeteall. This
principal finding is confirmed when euro exchange rates areqgbdtie variable set,
possibly due to the late introduction of this currency. Only if USdDahtes are con-
sidered, cointegration appears. In contrast to money demand in tharearahe in-

come elasticity seems to be significantly larger than 1.

The rest of the paper is organised as follows. Section 2 givespéuification of the
long-run money demand function. Section 3 shows the econometric methddSese
tion 4 describes the data and the empirical results. Finally, congluginarks are pre-

sented in Section 5.

2 Money demand of transition countries

Only a few studies analyse money demand functions of transition issu(dee Buch
2001). Earlier investigations cover only a short period of reform y@arsvonik-
Wrobel and Zieba 1994, International Monetary Fund 1998). Based on a oamrelat
analysis, Antczak (2003) and Jorocinski (2003) have stressed the impatanoeey
growth for stabilization the inflation rates. More recently B2001) has specified
money demand functions for Hungary and Poland, which account for thetitransi
situation of these countries. Her money demand function includes anencariable,
domestic and foreign interest rates and, changes of exchange rate expeamtvell as
inflations rates. Hence, she ends up with more than one variabiurnmg opportunity
costs of money holding. The importance of exchange rates is aseextrby Orlowski
(2004) for the Hungary, Poland and the Czech Republic as well Ksrgréek, Me-
lecky (2001) for the Czech Republic.



The analyses of money demand functions for the euro area contain notharortevo
opportunity cost variables (see for example Gorgens et al. 2004génann et al.

2003). Those studies suggest the following money demand function
(1) M/P=f(Y,oc)

whereM is a broad monetary aggregafethe consumer price index (CPY,income
proxied by real GDP, anot an opportunity cost indicator. According to textbook pres-
entation the income variable should have a positive effect on money Iltfitige op-
portunity cost measures the earnings of alternative assetseifgcient should be nega-
tive. Regarding the development of the financial markets of thenmewber countries
the opportunity costs are approximated by a short-term interestThe interest rate
variable includes via the Fisher effect the inflation ratthe$e countries (see Orlowski
2004). At least for most industrial countries Crowder (2003) finds ev&enfavour of

the Fisher effect using panel cointegration methods.

All new member countries are small open economies. Due to fdradm liberalisation
in the transition process their agents could easily switch betfeeeign and domestic
currencies. This may affect money holding in these economigbislirsense the ex-
change rate may reflect the return of foreign money. Accgriirthe analyses of Buch
(2001) and Orlowski (2004) the money demand function in the new memberiesunt
additionally includes the exchange rate against the euro. A depecatuces the con-
fidence in the domestic currency, thereby lowering money demand.eH#re ex-
change rate coefficient should be negative, if the exchangésrdenoted as units of
domestic currency per unit of foreign currency. Moreover, sofrtheonew member
countries gave the exchange rate policy a prominent role in achigngingmonetary
policy aims, its importance should be analyzed in the studyBaelee et al. 2004). For
example Estonia introduced a currency board to the euro in 1992. Maltallbaved a
currency basket peg since 1971, where the weights in the baskeidaraveighted. The
current value of the euro is 70%. Cyprus and Hungary has a peg ¢uro. However,
the euro was introduced to the public not before 1999. To this reasosaveoakider

US-dollar rates.



3 Panel unit root and cointegration tests

The integration and cointegration properties of the variables invaletermine the
specification ofmoney demand. If the series are cointegratedti@yia) should be
viewed as a long run relationship. However, it has been widely aclahgeddhat stan-
dard unit root and cointegration tests can have low power againshatgtalternatives
for the important cases, see for example Campbell and Perron.(A8%N alternative,
recently developed panel unit root and cointegration tests are adpineg. the time
series dimension is enhanced by the cross section, the retult® ra broader informa-
tion set. Therefore, gains in power are expected, and more redidtdEnce can be ob-

tained.

In the paper, the LLC (Levin, Lin and Chu, 2002), the IPS (Im,rBesand Shin, 2003)
and the HD (Hadri, 2000) tests are applied. These procedures allodetbeministic
and dynamic effects might differ across the panel membersfirShéwvo tests are gen-
eralizations of the ADF principle. The null of a unit root is ingd against the al-
ternative of a stationary process for all (LLC) or at léasbne cross section (IPS). The
hypotheses are interchanged by the HD procedure, which adapts 3i%t&f to pan-
els. For the LLC and IPS test, the optimal lag length is teelagsing the general-to-
simple procedure proposed by Campbell and Perron (1991). The consisteatasbif
the long run residual variance relevant for the LLC and HD statist obtained using
the Bartlett kernel and the automatic bandwidth parameter sedgegtNewey and
West (1994). Provided that the degree of cross section correlatioh ssibstantial, the

statistics
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are asymptotically distributed as standard normal with all&f€( IPS) or right (HD)
hand side rejection area. Standardization factors are obtainechiptson and depend

on the deterministic components included in the testing procedure.

For panel cointegration, the tests suggested by Pedroni (1998nateyed. They ex-
tend the Engle and Granger (1987) two step strategy to panelslame rADF and PP
principles. First, the cointegration equation is estimated sepafat each panel mem-

ber. Second, the residuals are examined with respect to the urfieatwot. If the null



of is rejected, the long run equilibrium exists, but the cointegratector may be dif-
ferent for each cross section. In addition, deterministic componentsllawed to be
individual specific. The residuals are pooled either along itl@nnor the between di-
mension of the panel, giving rise to the panel and group meastisgafsee Pedroni,
1999). In the case of the panel statistics the first order autss?ge parameter is re-
stricted to be the same for all cross sections. If the nukjected, the parameter is
smaller than 1 in absolute value, and the variables in question ategcated for all
panel members. In the group statistics, the autoregressive parasnallowed to vary
over the cross section, as the statistics amount to the averagkvafual statistics. If
the null is rejected, cointegration holds at least for one individuzthcé] group tests
offer an additional source of heterogeneity among the panel menteerall, 7 tests
are proposed. In the limit, the statistics are distributedaasiard normal with a left
hand side rejection area, except of the variance ratio testh wshigeght sided. Stan-
dardization factors arise from the moments of Brownian motion funtsioflae factors
depend on the number of regressors and whether or not constants oateeindtuded

in the cointegration relationships.

In addition, the Kao and McCoskey (1998) LM test for the null of egirdtion is ap-
plied. The long run is estimated by efficient methods carriedeparately for the panel
members. Then, the cointegration residuals are pooled, and tistatestic is asymp-

totically Gaussian with a right hand side rejection area.

Generally panel cointegration tests do not provide an estimaite ddng run relation-
ship. However, the cointegration vector should be roughly common fgatied mem-
bers, as fundamental economic principles are involved. Hypothesigytesthe coin-
tegration parameters is also a critical issue. In factaflyenptotic distribution of the
OLS estimator depends on nuisance parameters. In a panel envitptinieeproblem
seems to be more serious, as the bias can accumulate withetlod the cross section.
To overcome these deficits, efficient methods like fully modifieM) and dynamic
OLS (DOLS) are required. As these techniques control for potemidgeneity of the
regressors and serial correlation, asymptotically unbiasedagéss of the long run can
be obtained. As the methods are asymptotically equivalent, thaiiveemerits boil
down to a comparison in finite samples (Banerjee, 1999). In the FM case, nongarametr



techniques are used to transform the residuals from the cointegregression and get
rid off nuisance parameters (Phillips, 1995, Pedroni, 2001). In the time series model

Q) Vit =ai + Bi% t Uy
Xt =Xt + & T = (Uig, &)’

the asymptotic distribution of the OLS estimator is conditionedhé¢ddng run covari-
ance matrix of the joint residual process. The FM estimatdh&irth panel member is
given by

@ B =X X)Xy ~To)

wherey* is the transformed endogeneous variable @adbarameter for autocorrelation
adjustment. Appropriate correction factors are based on certain sidesatff the joint

long run covariance matrix.

In the DOLS framework, the long run regression is augmentedablyaed lagged dif-
ferences of the explanatory variables to control for endogerieedback (Saikkonen,
1991). Lead and lagged differences of the dependent variable can be included to account

for serial correlation (see Stock and Watson, 1993). In particular, the equation

P2 G
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is run for the-th panel member, where the appropriate choice of leads and lzayses
on data dependent criteria (Westerlund, 2003). Standard errors are egrapungy the

long run variance of the cointegration residuals.

In a panel setting, the cointegration relationship is homogeneousogkateity is lim-
ited to fixed effects, time trends and short run dynamics. Thd pdhestimator is the
average of the individual parameters (see Pedroni, 2001). Accordingrioavid Sul
(2002) a panel DOLS estimator is obtained using a two step procedsteingdividual

dynamic and deterministic components are regressed out sepératibly panel mem-

bers. Then, the residuals are stacked, and a pooled regressionAs an alternative to



these methods, Breitung (2002) has suggested a two step procedure basminoe:
grated VAR model. In the VECM

6) Az =a,B'zi4 + &

the feedback coefficient; and the covariance matr¥ of the residuals are allowed to
vary across the individuals. As the information matrix of the Gandgielihood is as-
ymptotically block diagonal with respect to the short run and coirttegrparameters,
the long run relation can be uncovered conditional on consistent estimatesoofitee f
Hence, the short run parameters are revealed by individual VE@ktisthe restriction
that the individuals have a common cointegration vector is tempoigmidyed. Then,

the variables are transformed according to

M)z =Bz + &
AIA_lA_'\IA_l AIA_lA_'\IA_l
Ziy = (Gy' &) T 5 T g, s = (G ST T S e
and a pooled regression is run. The long run parameters are asyriptdistabuted
as standard normal. According to simulation evidence provided biuBgej2002), his
estimator is preferable over FMOLS and DOLS alternative#,cnes with a smaller
finite sample bias.

As a major shortcoming, the panel tests for integration and caatitagipresume that
the cross sections are independent. However, this requirement iehiot e analysis
presented here. For example, medical advancements are edri@tabss countries. In
particular, the presence of cross section cointegration can distopanel results, see
Banerjee, Marcellino and Osbat (2001) and Urbain (2004). In these edkesthe en-
dogeneous variable or specific regressors cointegrate acrqsantlenembers. To con-
trol for this problem, cointegration tests based on nonstationary confiactors are
proposed, see Bai (2004), where factors are obtained as principal consp&@uwmpa-
red to the individual country analysis, the procedure is likely tmée robust, because

idiosyncratic (country specific) parts cancel out.

4 Data and empirical results



The analysis is done using quarterly seasonal adjusted data folldlaeng countries:
Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithunia, Malta, PoldodakS
Republic and Slovenia. The sample ranges over the 1995.1-2004.2 period. Da& inc
broad money, the consumer price index (CPI), the money market (3nustiest rate,
real GDP, and nominal exchange rates, denoting the units of nationahcies against
the euro or the US-dollar, respectively. Money, prices, intamdtexchange rates are
usually taken from the International Financial Statistics ofIkE. As an exception
Hungarian money has been obtained from the OECD Main Economic Indi¢dbons
nal money stocks are deflated by the CPIs. Real GDP ssadsom Eurostat. In case
of missing values, national central bank information is used tergee these data
points. All variables enter the analysis in their logs. Real @bdPreal money are sea-

sonally adjusted. The evolution of the individual time series is depicted in Figure 1.

-Figure 1 about here-

All countries experienced an increase of the real money stocktlewgveriod under
consideration. The rise is most pronounced for Estonia and Slovenize Anhd of the
sample, the series exceed their initial values by a fa€t®15 or 3.5, respectively. Real
GDP has grown in all countries, where the strongest acceleiatobserved in the Bal-
tic states (Estonia, Latvia, Lithunia). Interest rates havangecin all economies. But
the decrease was not steadily, as phases of higher intdesstara also apparent for
some countries (Estonia, Czech Republic, Slovak Republic). Compared spatting
level, interest rates are lower at the end of the saropl@lfcountries, where the sharp-
est decline can be detected for Lithunia. Hungary, Poland and Sloseperienced a
remarkable depreciation of their currencies relative to the aodothe US-Dollar. In

contrast, Lithunia experienced a strong appreciation against these asrenc

-Table 1 about here-



The stationarity hypothesis of the considered variables is chegkdte HPS-test, the

LLC-test the Breitung-test and the Hadri test. Table 1 inclutesesults for the levels
and for the first differences of the variables considered. Onliltketest indicates sta-

tionarity for the exchange rate levels against the US-ddilae nonstationarity of the
first differences is always rejected at the five per¢ewnel for the LLC, IPS and Brei-
tung test. The Hadri test rejects the stationarity hypotHesibroad money and ex-
change rate. In sum, it seems sensible to conclude that all earakel stationary in first
differences. These results allow to test for cointegratiomgntivze variables and to es-
timate money demand functions. Table 2 presents the panel coilmiedests. The first

system include real money, GDP and the interest rate. 8dmnd system additionally

contains the exchange rate against the US-dollar.

-Table 2 about here-

The upper part of table 2 shows that the tests indicate that nogratiige exists among
real broad money, GDP, and the interest rate for this periode#t tlo not reject the
null hypothesis of no cointegration in this panel. For the systemdimg the euro-
exchange rates only one test rejects the null of no cointegratiorreSbks are more
favourable, if the system contains the US-dollar exchange Sateof seven Pedroni
tests reject the null hypothesis of no cointegration. This is a strong evidetice &xis-

tence of a cointegrating relationship among the variables.

-Table 3 about here-

Table 3 shows the results of the FM, DOLS and 2-step-approachvalies of the
DOLS-method are determined under the assumption of one lead and twaf kags
changes of the regressors. The income elasticity of the naeragnd function is sig-
nificantly above unity in all cases. The panel income coefficie much higher than
values for euro area functions (see Bruggemann et al. 2003, Gorgehs2e04, p.

179). It is worth noting that all methods obtain a higher incomei@tgstf the system

10



includes the exchange rates via the US-dollar than via the eurmt@hest rate elastic-
ity is significantly negative and the exchange rate elagiginegative as expected. The
interest rate elasticity is relatively small and mafjes the fact that it is difficult to
control the money holding. The exchange rate elasticity is gotfisantly different
from zero, if euro rates are considered. All methods find significapacts of ex-
change rates via the US-dollar. These results confirm to sxieet ¢he results of Buch
(2001), Komarék, Melecky (2001) and Orlowski (2004) in the sense that hange
rate variable is important. In contrast, to Orlowski (2004) the exchangeviatthe US-
dollar is necessary to obtain a cointegration relationship. Hencesp#wfication of
money demand function for the new member countries differs frospeafication for

the euro area.

Finally, a cointegration analysis is performed using common fadeestable 4. Princi-
pal components are estimated separately for real money, incoarestrdnd exchange
rates. For each variable, the first principal component is d@eresi. Then, the cointe-
gration test is performed using standard methods. In carryintpiswgxercise, the ADF
type cointegration test (MacKinnon, 1991) is considered. The cointegratiegsegy is
estimated by the DOLS, and the residuals are checked for stationarity.

-Table 4 about here-

The cointegration result can be confirmed at the 5 percent levatdition, the vari-
ables enter the long run money demand relation with the corgect ldowever, the
elasticities seem to be different from the panel evidencet Btakingly, the income

elasticity is not significantly larger than 1.

5 Conclusions

In this paper the long-run coefficients of a money demand functrahdéonew member
states of the European Union are estimated. The estimation is cmhekittt means of
panel cointegration methods for the period 1995Q1 to 2004Q2 for 10 countries.
necessary to account for the exchange rate variables via thi®lldBin obtaining a

11



long run money demand function. The panel income elasticity is arbi@dand the
interest rate elasticity is negative. Hence, the specticaif the money demand func-

tion and especially, the income coefficient are different from euro aregsresul

A sudden introduction of the euro in all new member countries madinte problems
for the stability of the euro area money demand function. Howehneiintroduction of
the euro requires that the Maastricht convergence criteria atkedulThe probability is
small that all countries would achieve the critera at theedamme. Moreover, the num-
ber of inhabitants in these countries is small and GDP is marlesdiyhan the average
of actual EU-citizens. Hence, their weights are relativehalk In this sense the
changes should be manageable for the ECB. Nevertheless, figeaecte should ana-
lyse the stability of the euro area money demand function when acuwpfmtinew EU

members.
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Figure 1: Broad money, GDP, interest and exchange rates iewthEld member coun-

tries (1995.1)
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Table 1: Panel unit root test of the variables in the money demand function

A: Levels

LLC Breitung IPS Hadri
Broad Money -0.931 0.322 -1.491 6.769*
Income 0.591 0.739 1.026 5.834*
Interest rate 1.508 2.248 3.269 9.748*
Exchange rate against euro -5.088* 2.064 -1.998 9.431%
Exchange rate against US-dol|a2.767* 6.763 -0.149 7.151*
B: First differences
Broad Money -9.980* -5.096* -11.021* 2.026*
Income -9.863* -5.856* -13.664* -0.141
Interest rate -8.894* -5.070* -9.273* 0.207
Exchange rate against euro -15.901* -6.336* -15.578*  2.622*
Exchange rate against US-dol|at0.693* -5.530* -9.588* 6.632*

LLC=Levin, Lin, Chu (2002), IPS=Im, Pesaran, SH0@3). The other statistics are described in ditail
Breitung (2000) and Hadri (2000). The statistics asymptotically distributed as standard normal ait
left hand side rejection area, except of the Heaht, which is right sided. A * indicates the réjec of
the null hypothesis of nonstationarity (LLC, Breity IPS) or stationarity (Hadri) at least on the50.
level of significance.
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Table 2: Panel cointegration tests

Model without exchange rate

Pedroni (1999)

Method:

Panel Statistics

Group Statistics

Variance ratio
Rho statistic
PP statistic

ADF statistic

0.881

0.078 0.327
-0.725 -1.005
0.247 -0.315

Kao and McCoskey (1998)

LM statistic

FM: 0.202

DOLS: 1.548

Models including the exchange rate

Pedroni (1999)

USDollar exchange rate

Euro exchange rate

Panel Statistics Group Statistid3anel Statistics Group Statisti¢
Variance ratio | 2.542* 1.402
Rho statistic -0.790 0.117 -0.153 0.402
PP statistic -1.831* -1.666* -1.129 -1.460
ADF statistic -2.246* -2.400* -1.483 -2.802*
Kao and McCoskey (1998)
LM statistic FM: -1.966* DOLS: -0.695| FM: -1.638 DOLS: -0.471

Statistics are asymptotically distributed as norrilae Pedroni statistics are described in detdilaédroni
(1999). The variance ratio test is right-sided, lesthe other Pedroni tests are left-sided. The kbt t

from Kao and McCoskey (1998) is right-sided andiedrout using either FM or DOLS residuals. A *
indicates the rejection of the null hypothesis of aointegration (Pedroni) or cointegration (Kao and
McCoskey) at least on the 0.05 level of signifieanc
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Table 3: Panel estimation of the cointegration vector

Model includingm-p, y, R

Income Interest rate
FM (Pedroni, 1999) 1.67 (0.08) -0.09 (0.02)
DOLS (Mark and Sul, 2002) | 1.46 (0.13) | -0.12 (0.03)
2-Step (Breitung, 2002) 1.46 (0.14) | -0.17 (0.04)

Model includingthe exchange rate

Income Interest rate Euro
FM (Pedroni, 1999) 1.54 (0.08) | -0.10 (0.02) 0.13 (0.16)
DOLS (Mark and Sul, 2002) | 1.38 (0.12) -0.14 (0.03) 0.01 (0.09)
2-Step (Breitung, 2002) 1.48 (0.10) | -0.12 (0.03) 0.11 (0.08)
Model includingm-p, y, R, US-Dollar

Income Interest rate US-Dollar
FM (Pedroni, 1999) 1.73 (0.08) -0.09 (0.02) -0.28 (0.04)
DOLS (Mark and Sul, 2002) | 1.94 (0.13) | -0.07 (0.03) -0.22 (0.06)
2-Step (Breitung, 2002) 1.78 (0.10) |  -0.06 (0.02) -0.16 (0.04)

Elasticities of real money demand with respectetal income, interest and exchange rates are reporte

Standard errors in parantheses.
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Table 4: Cointegration analysis of common factors

Euro US Dollar
Income 0.959 (0.106) | 1.047 (0.051)
Interest rate -0.279 (0.070) -0.160 (0.036
Exchange rate -0.355 (0.061)| -0.278 (0.023)
ADF -2.427 -4.797*

ADF-test for stationarity of residuals obtained BPQLS methods. Elasticities of money demand with
respect to real GDP, interest and exchange rasaesl&td errors in parantheses.
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