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1 | ntroduction

The primary goal of the European Central Bank (E@BJo maintain price stability. To
achieve this objective the ECB has developed thealied two pillar strategy, where mone-
tary aggregates play a crucial role. In particutere pillar is based on the economic analysis
of price risks in the short term, while the otheeas built on the analysis of risks to price
stability in the medium and long run. Given the pbemity of the monetary transmission
process central bankers “often also take into aticeome simple rules of thumb to guide or
cross-check their action. One such rule is basetheract that inflation is always a mone-
tary phenomenon in the medium to long term. This racommends that central bankers be
generally aware of monetary developments in orderssess inflation trends” (ECB, 2004a,
p47). In fact, the reference value for monetaryaghois taken as a benchmark for assessing
monetary developments. It is based on price stghiihich is seen to be consistent with con-
sumer price inflation of below 2 percent. Potentiatput growth is estimated at around 2 to
2.5 percent, and a negative trend in velocity ldadsn increase of money growth in a range
between 0.5 and 1 percent. Given these assumptlmmsarget for money growth has been

set at 4.5 percent per annum.

Since the end of 2001, monetary conditions becabmoranally loose. Actual monetary

growth has continuously exceeded its target. Famgte, M3 increased by 9.9 percent in
2006, after 7.3 percent in 2005. Due to uncertagniin the labour and capital market devel-
opments and a higher risk aversion of agents dgetuficant losses at asset markets liquid-
ity preferences have increased. Together withatively flat term structure of interest rates

agents shifted their portfolio towards safe anditigassets. During this process, inflation did
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not accelerate at all, thereby questioning whethéxed reference path is a reliable tool to
interpret the monetary evolution. If the link beememoney and prices turns out to be in-
creasingly unstable, money growth is not well-desdyto analyze future inflation prospects

and support policy decisions.

For monitoring the inflation process, a stable nyotemand function is extremely important,
at least as a long run reference (see ECB, 20, ff this condition is met, money de-
mand can be linked to the real side of the econdifracking the evolution of actual M3
developments against the paths implied by estimategey demand models is an important
component of the ECBs monetary analysis” (ECB, BO@49). For the relevance of mone-

tary aggregates in performing monetary policy $se wn Hagen (2004).

However, recent evidence has cast serious doultsenoang the robustness of money de-
mand functions. If data up to 2001 are used, stantiney demand functions for the euro
area can be firmly established, see Fagan and HA888), Hayo (1999), Funke (2001),
Coenen and Vega (2001), Bruggemann, Donati and {&003), Brand and Cassola (2004)
and Holtemdller (2004a, b). Extending the sampla tmore recent period usually destroys
these findings, as a stable long run relation betwe variables cannot be detected any-
more, see Gerlach and Svensson (2003), GreibeLamée (2005) and Carstensen (2006).
This has led some authors to analyse relationgigpgeen the core components of the origi-
nal variables, either generated by the HP filtemmwving averages, see Gerlach (2004) and
Neumann and Greiber (2004). In other studies, measaf uncertainty are allowed to enter
the long run equation. Using this modification, Bez and Lemke (2005) and Carstensen
(2006) find support for a stable money demand fonctNevertheless, as proxies for uncer-
tainty should be stationary, this approach is eatly convincing. Greiber and Setzer (2007)

extend the standard specification by real housseprand housing wealth and obtained a sta-
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ble long run relation with data up to 2006. Boomel aan den Noord (2008) also include
house and share prices in the long run money demauation. Briiggemann and Litkepohl
(2006) have reported a stable money demand equiatidhe euro area based on data up to
2002. In contrast to the other papers, they useth@e instead of euro area series until the

end of 1998.

Despite the results from the previous literatunés paper presents strong evidence in favour
of a stable long run money demand relationship iBpddn terms of a standard set of ex-
planatory variables. The existence of such a lamgrelation allows to quantify excess li-
quidity which is a threat to price stability. Inipeiple, excess liquidity can be measured by
different concepts, see Masuch, Pill and WillekeO@® for a discussion. One option is the
deviation of actual money from its equilibrium vaJuhe latter calculated on the basis of the
ECB'’s reference value for M3 growth. However, os ko choose arbitrarily a base period.
The monetary overhang defined as the differencerdmat the observed monetary aggregate
and the estimated long run money demand relatianbistter indicator, as it takes the actual
situation of the economy into account (ECB, 20@Lxthermore, a real monetary gap can be
considered. In addition to the error correctionmethe deviations of the explanatory vari-
ables from their equilibrium values play a vitaleroln the subsequent analysis, both meas-

ures do not point to severe inflation pressurablénfuture.

The rest of the paper is organized as follows.i&e@ reviews the specification of the long-
run money demand function. In section 3 the sarged in the empirical analysis are dis-
cussed. Specification and estimation of money denfiamctions in error correction form has
been the customary approach to capture the nomssayi behaviour of the time series in-
volved. Evidence regarding the cointegration progetis provided in section 4. In section 5

an error correction model for money demand is prteske Section 6 concludes.
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2  Specification of money demand

In this paper, a widely used specification of modeynand is chosen as the point of depar-
ture. According to Ericsson (1998), the specifmatof the demand for a broad monetary

aggregate leads to a long run relationship of oinen f

(1) mM-Rp=8+9Y+0,R+0,1+0,1

wherem is nominal money taken in logg,is the log of the price level, andlog income,
representing the transaction volume in the econd@pportunity costs of holding money are
proxied by long R) and shortr) term interest rates and the annualized inflatate, i.e.

7=4Ap in case of quarterly data. The indedenotes time.

Price homogeneity is assumed to be valid as a fongzondition. In fact, the money stock
and the price level might be integrated of ordel(2). If these variables are cointegrated,
real money balances could be I(1). Then, the lemghomogeneity restriction is appropriate
to map the money demand analysis into an (1) syssee Holtemoller (2004b). According
to textbook presentations, the scale variable [eeted to exert a positive effect on nominal
and real money balances. Typical models in thealitee differ in the opportunity cost meas-
ure, see Golinelli and Pastorello (2002) for a synif the costs refer to earnings of alterna-
tive financial assets, possibly relative to the owald of money balances, their coefficients
should enter with a negative sign. Inflation isaluinterpreted as a part of the opportunity
costs, as it represents the costs of holding manspite of holding real assets, see Ericsson
(1998). But its inclusion can be justified by difat arguments. In the presence of adjust-

ment costs and nominal inertia, Wolters and LUtkéd@997) have shown that inflation
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should enter the long run relation for real balaneven if it is not relevant in the equation
for nominal balances. See also Wolters, TerasamthLitkepohl (1998) on this point. Thus,
the variable allows to discriminate whether adjwesiins in nominal or real terms (Hwang,
1985). Alternatively, the inflation rate providecanvenient way to generalize the short run
homogeneity restriction imposed between money aitgg While the restriction is justified
from a theoretical point of view, there might blaek of support in the particular observation

period.

The parameters;>0, 9,<0, J; andd, denote the income elasticity, and the semielaistsCi
with respect to the return of other financial assetd inflation, respectively. The parameter
03 is positive in case thatis mainly a proxy for the own rate of interesthaiiding money
balances, but negative otherwise. Due to the antpuigthe interpretation of the inflation

variable, the sign of its impact cannot be spetifa theoretical reasoning.

3 Dataand preliminary analysis

Since the introduction of the euro on January B91the ECB is responsible for the imple-
mentation and conduction of monetary policy in ¢hueo area. As the time series under the
new institutional framework are too short to drasbust conclusions, they have to be ex-
tented by artificial data. Usually, euro area sepéor to 1999 are obtained by aggregating
national time series, see for example Artis andeB€2004). Different aggregation methods
are available and can lead to different resultscBwyparing aggregation based on methods
using variable or fixed period exchange rates, BogR006) has emphasized that the differ-
ences are substantial prior to 1983, in partictdarinterest and inflation rates. However,

they are almost negligible for money demand vaesititom 1983 onwards. The European
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Monetary System started working in 1983, and tharfcial markets of the member countries
have become much more integrated since then. Tdrerethe observation period in this

study is 1983.1-2006.4, where quarterly seasomaljysted series are used.

Nominal money balances are taken from the ECB nhpiillletin database and refer to M3
and end of period values. The short and long tererest rates andR are also obtained
from this source and defined by the end of periow@th Euribor and 10 years government
bond rate, respectively. Nominal and real GDP asoay for income are taken from Euro-
stat, the latter defined as chain-linked volumeth w000 as the reference year. The GDP
deflator (2000=100) is constructed to be the ratioominal to real GDP multiplied by 100.
Due to evidence presented by Holtemdller (2004w ,Brand and Cassola (2004) GDP data
should be used in earlier periods, as these datd gtable and economically interpretable
results. Note that this choice does not affect @mryclusions in this paper, as instability of
money demand is only a problem in recent yearsrdier to obtain real money balances, the
nominal money stock is deflated with the GDP deflaFigure 1 shows the evolution of se-

ries in levels (A) and first differences (B) in th883.1-2006.4 period.

-Figure 1 about here-

Several comments are in order. First, all variabligk the exception of the term structure are
integrated of order 1, I(1), implying that they arenstationary in levels, but stationary in
first differences. The results of the integratiests are omitted here in order to save space,
but can be obtained from the authors upon requibst.well known result holds for different

observation periods, compare the results in theeafentioned empirical studies. Second,
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outliers occur in real money balances, see thehgfapthe first differences. The first one
(1990.2) is due to the German unification, while dther one (2001.1) refers to stock market
turbulences, see Kontolemis (2002). In particullae, large decrease in stock markets have
raised the demand for liquid assets. In the sulesdganalysis, these outliers are acknowl-
edged by two impulse dummies, which are equal o the respective period and 0 other-
wise (d902 and d011). Note that real GDP has aisoudlier in 2001.1 which may compen-

sate the outlier in real balances at the samegherio

-Figure 2 about here-

Looking at the scatterplot between real money aal GDP reveals a clear permanent
change in the income elasticity starting in 20GBét coincides with the introduction of euro
coins and banknotes to the public (figure 2). Aakren the income elasticity has also been
reported by Litkepohl, Terasvirta and Wolters ()989case of the German M1 aggregate.
According to the strategy outlined in that papbe break is captured by an additional in-
come variablg/* as the product of and a step dummy s021 equal to 1 from 2002.1 thil

end of the sample and 0 in the period before. Téasitory change in the income elasticity
between 1992 and 1994 occurs just after the fathefiron curtain, where a negative growth

rate in real income and a positive change in realey balances can be observed.

4  Cointegration analysis
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In systems including real money balances, realnmgonominal interest rates and inflation,
at least one cointegration relationship shouldesgnt a long run money demand equation in
the style of (1). To explore the cointegration mxies of different sets of variables, the
Johansen (1995) trace test is used as the worklsmsdable 1 for the results. To correct for
finite samples, the trace statistic is multipliedthe scale factorT¢pk)/T, whereT denotes
the number of the observatiorksthe number of the variables apdhe lag order of the un-
derlying vector autoregression model in levels (Ras, 1992). The lag length of the VARs
is determined by the Schwarz criterion and is etp@ne throughout the analysis. All mod-

els are estimated with an unrestricted constanti@tivo impulse dummiés.

There is a strong indication for exactly one caynéting vector in theng-p, y, 7) and (m-p, v,

y*, m) system, respectively. This evidence can be ctamgisvith a money demand relation-
ship in the long run, probably without the interesties. Due to the increase of the income
elasticity since 2002, the cointegration paramete(s+p, y, z) are unstabfe Therefore, the
further analysis refers to thexp, y, y*, ) system, which does not suffer from parameter
instability. As a drawback, replacingwith interest rates does not lead to a signifidang

run equation. However, the economic content ofidhg run relation implied by thextp, vy,

y*, ©) system can be improved. In fact, the term stmed®&r can be embedded, because it is
a stationary variable. An augmented Dickey Fullgt toot test rejects the null hypothesis of

nonstationarity with @-value of 0.03.

-Table 1 about here-

2 All computations have been carried out with EViewasnd JMulti 4.

% Using recursive estimation methods, Dreger andt&¥|(2006) have demonstrated that instability dusts
distort the results, if data up to 2004.4 are erygdo If the observation period is shifted beyond goint, the
parameters become increasingly unstable in thisifsgaion.

10
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As a standard procedure, the cointegration paramate revealed using Johansen’s reduced
rank maximum likelihood (ML) estimator. HoweverettML estimator should be applied
with caution because it can produce extremely detoand unreliable estimates in small
samples. Furthermore, the usual diagnostic testsar helpful in detecting the distorting
estimates. To overcome the problem, Briggemanriatképohl (2005) have recommended
a two step generalized least squares estimatoghwhlimore robust in this regard. This so

called S2S estimator is used as a cross-checletblthresults.

The cointegrating relationships are estimated im variants, both with and without the term

structure. The results

eq,, =(m- P-0.955y- 0.031y+ 6.748

(0.115) (0.005) (0.791)
)
S = (M= D=l 000 ¥ QRGP * 23T AT T
Cases= (M- DI G Y GO5Y+ 38
(3)

G525 = (M- 9—1(6%3)7 y- 0.023y+ 3.348+ 3%33& r
are very similar for the different estimation medbastandard errors in parantheses). The
inclusion of the term structure of interest rateatdbutes to slightly more precise estimates.
The S2S parameters seem to be more stable tharMbhaiounterparts. After controlling for

a structural break in the income elasticity, thegloun relationship appears to be stable over

time.

11
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-Figure 3 about here-

Because of its improved properties, the model tholg the term structure is used in the sub-
sequent analysis. Under the assumption thapproximates the own rate of M3 the term
structure may be interpreted as the opportunityscosholding bonds. However, all the re-
sults remain valid when the more compact versionsed. The mean-adjusted deviations
from the long run relation are displayed in fig@réor the ML and S2S estimation methods.
Overall, the equilibrium errors on the base of khie procedure seem to produce larger de-
viations from equilibrium, thereby reflecting theesNvknown deficits of this approach in

small samples. However, no abnormal behaviour eatkettected over the whole period.

The monetary overhang coincides with the respeativer correction term, as the latter
shows the deviations from the long run (ECB, 20@8f). The overhang falls far below 0.1
percent of the real money stock under both estonamethods. As an alternative, the so
called real monetary gapnig) is considered, see Hallman, Porter and Small{}L99om-

pared to the former measure, the deviations okettpanatory variables from their equilib-

rium are also taken into account. In particulag, thal monetary gap is defined as

(4)  rmg =ec+d(y-YV-0,( R~ B-(,F V-9, -TT)

see ECB (2004b, p60). The bar variables represguitimium or desired levels of the re-
spective series. Since these measures are unoblsemyeey have to be estimated in advance.
As different estimation methods can be involvecehenplying that the results are arbitrary

to some degree.

12
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-Figure 4 about here-

To explore the size and development of the realatawg gap, parameter estimates from the
extended versions of equations (2) and (3) are @epl The equilibrium level of income is
estimated as the HP-filtered component of real GD#& long run value for the term struc-
ture is set equal to the mean of the series (0a01,inflation in the steady state corresponds
to the ECBs inflation target of 2% (0.02). The fesare displayed in figure 4. Both ML and
S2S methods indicate an increase in the real mgngép until he mid of the 1990s. Since
1999, the gap has declined. In the last yeang,is on the rise again, but has remained nega-
tive even in recent periods. To sum up, no futafiation pressure can be detected from this

behaviour.

5  Error correction modeling

Whether or not the cointegrating relationship canrtterpreted in terms of a money demand
function is inferred from the error correction mbddowever, as we are mostly interested in
the stability of a money demand equation, the amalg concentrated on conditional single
equation models. A conditional model may lead tnestant coefficients even if a shift is pre-

sent in the reduced form. Given the identificagwablems in full systems, a structural model

for an individual variable might be easier to deypelising the single equation confext

* The single equation error correction model careben justified by testing on weak exogeneity. ¥ ®2S
estimator is used, all variables can be class#d®deakly exogeneous with respect to the cointegyatlation-
ship, apart from real money balances. Detailedt®ate available from the authors upon request.

13
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At the initial stage of the estimation process, ¢batemporaneous values and the first four
lags of the changes of all variables, a constadtthe two impulse dummies are considered
in addition to the error correction ternexy. andecs,s specified in (2) and (3). Again, the
versions augmented by the term structure are u&atiables with the lowest and insignifi-
cantt-values are eliminated subsequently from the ragras(0.1 level). The final money

demand relationship i¢-yalues in parantheses)

A(m- p), =0.028- 0.03%, ,,+ 0,034 90 0,03 041 0.204

7.93) (6.15) (8.13) (7.25) (6.19)

(5) )
+0173\ (- p), + 0,158 (- p),~ 0198 fr R+ 028+ |

ML e R
+0.165A (- p), + 0,14@ (- p)y~ 0200 - B+ 02+ |

T=96 (1983.1-2006.4).

For both variants we end up with the same spedtificavith very similar coefficients and
extremely hight-values for the error correction coefficients. Ating to their negative val-
ues, excess money lowers money growth, as one &xpea@ stable model. Moreover,
changes in inflation are significant. The resulbénpto substantial inertia in the adjustment
of real money balances, as the adjustment to tig don equilibrium is very low and up to
four lagged changes of money demand are relevatiteirspecifications. Finally, as the

values indicate, the impulse dumm@€92 andd011 should enter these equations.

Standard specification tests are largely suppoffivethe model, see table M is a La-

grange Multiplier test for autocorrelation in thesiduals up to order 1, 4 and 8. Thealues

14
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show, that no problems with autocorrelated ressloacur. ARCHis a Lagrange multiplier
test for conditional heteroskedasticity. Again, tesiduals do not exhibit such kind of behav-
iour. Furthermore, they are distributed as normaslindicated by the Jarque-Bera test. More-
over, the RamseRRESETiest does not point to a misspecification of theation. The cusum
of squares test does not indicate any structueslbin the regression coefficients, see figure
5. Overall, the empirical evidence in favour oftabée money demand equation for the euro

area is strongly supported by the error correciioalysis.

-Table 2 and figure 5 about here-

6 Conclusion

In this paper we analysed money demand behavidineiruro area, where special emphasis
is given to the issue of stability. In fact, margsearchers have detected instabilities espe-
cially when data after 2001 are included in thelysis. Such a result casts serious doubts

concerning the rationale of monetary aggregatéisanrmonetary strategy of the ECB.

Monetary aggregates play a crucial role in the namyestrategy of the ECB. The rationale of
the strategy requires a stable relationship betweeney and fundamental economic vari-
ables, which is re-established in the paper. Itiqdar, we report strong evidence in favour
of a stable money demand relationship for the M@eggate. This result can be achieved by
including inflation in the cointegration vectore.i.the short run homogeneity restriction be-
tween money and prices is not imposed. Furtherragrermanently higher income elasticity
since 2002 is taken into account. This break cdeswith the introduction of euro coins and

banknotes to the public. In this setup, a stablg lan money demand relationship is identi-

15
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fied. The result is robust over different estimatimethods. The corresponding error correc-

tion model survives a wide range of specificatiests.

Excess liquidity refers to the difference betwebsarved and equilibrium money balances.
There are different concepts to define the equulibrdevelopment of M3. Using the ECB'’s
reference value of 4,5% for annual money growtlegravould imply an equilibrium path
which grows from an arbitrary chosen starting value linear way, that is a linear trend
with slope 0.045 (Masuch, Pill and Willeke, 20013p). This strategy might be problematic
as M3 develops more or less as an I(2) variablerdtbre the monetary overhang or the real
monetary gap are strongly preferred as measuregaafss liquidity, as the economic situa-
tion and the statistical properties of the datataken into account. The overhang is given by
the error correction term and the real monetary igadentified by equation (4). Applying

these concepts suggest that there is no probleimexdess liquidity since 2001.

16
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Figure 1: Variables used in the empirical analysis
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B First differences
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Figure 2: Structural break in income elasticity
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Figure 3: Mean-adjusted deviations from the long ru
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Figure 4: Real money gap
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Note: Sample period 1983.1-2006.4. Long run es#mhaiccording to (2) and (3), variants include tetroc-

ture.
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Figure 5: Cusum of squares of the error correatioaels
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Table 1: Cointegration tests for sample period 1D&806.4

Variables

Rank null
hypothesis

Johansen trace test

Finite samp
correction

mp,y

8.76
3.84

mp,y, y*

21.33
4.83
0.21

mp,y,n

47.97**
8.10
0.20

46.47**

m-p,y, R

29.80
15.49
3.84

mp,y,r

22.02
9.03
1.38

mp,y,y*, @

76.19**

18.44
4.37
0.08

73.02**

mp,y,y*, R

29.70
11.91
5.17
0.05

mp,y, y*, r

NP OWNPFPFOWNPEFOINPEFPOMNREFPOIINEFEOINPEFL, O|FL O

w

35.58
15.15
5.77
0.83

e
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Note: All models estimated with unrestricted constand impulse dummies for 1990.2 and 2001.1. Titef
sample correction is due to Reimers (1992). A {*)** denotes significance at the 0.1, 0.05 and10lével.
Critical values are from MacKinnon, Haug and Miéb€lL999), and are also valid for the finite samgerec-
tion. Lag order of 1 in underlying VAR models (Iégpecification), according to the Schwarz critario
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Table 2: Standard specification tests of errorexion models

Equation (4) Equation (5)
R2 0.66 0.66
SE 0.0042 0.0041
SC -7.81 -7.82
JB 0.54 (0.76) 0.23 (0.89)
LM(1) 0.00 (0.99) 0.00 (0.95)
LM(4) 0.43 (0.79) 0.38 (0.82)
LM(8) 0.46 (0.88) 0.37 (0.93)
ARCH(1) 0.72 (0.40) 0.65 (0.42)
ARCH(4) 0.43 (0.79) 0.25 (0.91)
ARCH(8) 0.72 (0.68) 0.26 (0.98)
RESET(1) 0.02 (0.89) 0.15 (0.70)
RESET(2) 1.73 (0.18) 1.13 (0.33)
RESET(3) 1.19 (0.32) 1.06 (0.37)
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Note: Sample period 1983.1-2006.4. R2=R squaredstelj, SE= standard error of regression, SC= Sehwar
criterion, JB=Jarque-Bera test, LM=Lagrange mukipltest for no autocorrelation in the residuals,
ARCH=Lagrange multiplier test against conditionatdroscedasticity, RESET=Ramsey tpstalues in paran-
theses.
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