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Abstract

This article sets out to re-examine the money demand function for the euro area. Tra-
ditional specifications often yield unsatisfactory results: instability of short and long-term
coefficients; relatively large differences between estimated and actual value of variables; and
significant changes in the number of long-term relationships, etc. Using a standard Vector
Error Correction Model, we find that the usual specification is indeed unstable. However,
introducing an European equity price gives rise to a more stable system. Furthermore, re-
cursive estimates confirm the relative stability of long-term coefficients. Estimates of the real
money gap, based on the money demand equation including equity prices, point to moderate,
albeit persistent, excess liquidity in the euro area in the recent years. The real money gap

contains information about future inflation but this content may have diminished since 2001.
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1 Introduction

In recognition of the fact that monetary growth and inflation are closely related in the medium
to long run, the European Central Bank (ECB) has assigned a prominent role to money in its
strategy. This role for money serves two main purposes: (i) it is a tool to underpin the medium-
term orientation of the ECB’s monetary policy and (ii) it allows the central bank to see beyond
the impact of transitory shocks and avoids the temptation of taking an overly activist course
(ECB, 2004).

However, the role of money in the strategic framework of the ECB changed in 2003. From
1999 to 2003, the monetary analysis formed the first “pillar” of the strategy, the economic
analysis being the second “pillar”. Moreover, the prominent role for money was signalled by the
announcement of a reference value of 4.5% for the growth of the broad monetary aggregate M3.
Assumptions underlying the derivation of the reference value were reviewed annually.

An important characteristic of the reference value is that it must be consistent with the ECB’s
quantitative definition of price stability and with the long-run relationship between money, prices
and output.! The choice of M3 was based on the evidence that there was a stable money demand
relationship for this aggregate and that M3 had leading indicator properties for future inflation.

In May 2003, the ECB announced a revision of its monetary policy strategy. The economic
analysis became the first “pillar” and the monetary analysis the second “pillar”. Moreover, it
was decided to no longer review the reference value for M3 on an annual basis because underlying
medium-term trend assumptions cannot be expected to change frequently.

This modification, which was often interpreted as a “downgrading” of the reference value,
occured after two years of very strong M3 growth in excess of 4.5% year-on-year. Indeed, from
2001 to 2003, in a context of geopolitical and financial market uncertainty, monetary dynamics
were influenced by an exceptionally strong preference for liquidity, followed by a return to
normal, at a relatively moderate pace, of economic agents’ portfolio allocation behavior from
2004 to 2005. These developments have led the ECB to construct quantitative estimates of the
portfolio shifts which have been used to correct the M3 series in order to extract the underlying
signals from monetary developments for risks to price stability. M3 corrected for the estimated
impact of portfolio shifts is derived by combining the information stemming from a broad range
of economic indicators with evidence from a univariate time series model of M3 (ECB, 2005).

In view of these recent monetary developments in the euro area — which highlight the impor-

!'Price stability is defined as a year-on-year increase in the Harmonized Index of Consumer Prices (HICP) for

the euro area of below, but close, to 2% over the medium term.



tance of portfolio shifts — it appeared necessary to re-assess the empirical evidence regarding the
money demand function for the euro area. This article adds to the literature in several respects.
First, it extends early euro area studies (Dedola et al., 2001, Calza et al., 2001, Coenen and
Vega, 2001, Brand and Cassola, 2004, among others) in estimating a general specification of
money demand in order to test its stability.2 Second, this paper also considers a model in which
a financial factor — the European equity price — which captures portfolio allocation behavior is
introduced. In attempting to do so, we embed explicitly into the money demand model portfolio
shifts which have been thus far treated in an ad hoc manner by the ECB. We perform a detailed
stability analysis both of the short and long-run relationships for two modelling strategies. Fi-
nally, this article presents a measure of excess liquidity, the real money gap, which is expected
to usefully complement the monitoring of M3 growth, and verifies its properties as a leading
indicator for inflation.

Regarding the analytical framework, the mediocre performances of the estimates made in an
univariate framework suggest using a multivariate approach. The error correction framework
makes it possible to specify both the long-run relationships among the variables and their short-
run behavior. This implies that, when assessing the stability of these models, it is important to
distinguish between the coefficients making up the long-run relationships and those forming the
short-run equations.

Our results confirm the strong sensitivity of the most general specification of money demand
for the euro area. Introducing European equity prices produces a slightly more stable relation-
ship. In addition, our estimations show a substitution effect, i.e. a negative effect of stock yields
on real money holdings. The asset price effect is found to be significant and the substitution
effect is in keeping with expectations. The derived real money gap appears to have been positive
since 2001. This points to the presence of moderate, albeit persistent, excess liquidity in the
euro area since 2001. We argue that the real money gap may be regarded as a leading indicator
of inflation since the relationship between HICP inflation and the real money gap is relatively
close but its predictive power has diminished over the last few years.

The remainder of this paper is organized as follows. Factors underlying monetary develop-

ments are presented in Section 2. Data and specifications are briefly described in Section 3.

2Since the end of the 1990s, M3 growth in the euro area has also been substantially influenced by changes in
the external counterpart. Therefore, we estimated a “naive” money demand function leaving out the external
counterpart of M3 so as to check whether it is a source of instability. The results are not satisfactory: notably,
some coefficients have wrong signs, the system seems unstable (in terms of number of long-term relationships and

coefficient stability), and some coefficients are not significantly different from zero.



Section 4 first sets out the results of the estimation of the generalized specification and those
of the model including financial asset prices. An assessment of the real money gap and its
cross-correlations with HICP inflation are presented in Section 5. Finally, Section 6 sets out the

conclusion.

2 Factors underlying monetary developments

2.1 The monetary aggregate

The choice of the measurement of the monetary aggregate depends on one’s theoretical as-
sumptions (Goldfeld and Sichel, 1990, Sriram, 1999): for an approach in portfolio terms, broad
aggregates are generally favoured; in analyses of the transactions intermediary function of money
a narrow aggregate is more likely to be used. The broad M3 aggregate is the one chosen by
the ECB and therefore the most often used for euro area money demand (Dedola et al., 2001,
Calza et al., 2001, Coenen and Vega, 2001, Brand and Cassola, 2004). By contrast, models
of M1 or M2 money demand estimated for European countries are rare (Funke, 2001, Stracca,
2003) whereas they are applied in the United States (Baba et al., 1992, Haug and Tam, 2001,

for instance).?

2.2 The scale variable

GDP is the most commonly used scale variable in empirical studies in spite of its well-known
shortcomings, in particular its failure to take account of intermediate and financial transactions,
as well as transfers, and its incorporation of factors that do not give rise to transactions (Goldfeld
and Sichel, 1990). Other scale variables in flow have also been proposed (GNP, consumption,
etc.) but they are also incomplete in nature. The only alternative in this area is provided
by stock variables (wealth or permanent income, etc.). Fase and Winder (1999), for example,
highlight the significant impact of wealth on demand for M2 and M3, but not on M1. By
reducing to one the sum of income and wealth elasticities in their equation for M3 demand
for EMU, they obtain elasticities of around 2/3 for income and 1/3 for wealth. However the
stock variables are not always easy to evaluate. So, GDP is the scale variable in this paper. As
a result, the GDP deflator serves both as a M3 deflator and as a basis for the calculation of

inflation.

3Mention should also be made of studies based on aggregates that better reflect the greater or lesser liquidity

of the different components of money.



2.3 The opportunity cost

The opportunity cost of holding money is made up of two elements, the choice of which is
linked to the underlying theoretical framework (Sriram, 1999). These are the rate representing
the return on an alternative asset to money and the own rate of return on money. Note that the
hypothesis of the nullity of the coefficient of the intrinsic rate of return is sometimes accepted
for M1: Ball (2001) accepts it while Stracca (2003) rejects it. However this hypothesis seems
excessive for M3. Nonetheless, many authors use a single rate of interest in their long-run money
demand equation. This is notably the case in a number of studies devoted to the European Union
and the euro zone (Brand and Cassola, 2004, Fagan and Henry, 1999).

We adopt a pragmatic attitude and include the own rate, short and long-term nominal

interest rates in our money demand function.

2.4 Financial factors

According to Friedman (1988), financial factors, like asset prices, have a significant impact on
real money holdings and are therefore one of the potential explanatory variables of a monetary
aggregate. The monetary aggregate is positively correlated with financial asset prices via a
wealth effect and negatively via a substitution effect.

The wealth effect works through three channels: (a) higher asset prices lead to an increase in
nominal wealth (or real wealth for a given price), which in turn results in a rise in the real wealth
to real income ratio and the money holdings to income ratio; (b) the higher return expected
on risky assets (equities for example) encourages economic agents to reallocate their portfolios
towards safer monetary assets; (c) a rise in asset prices causes the volume of money necessary
for financial transactions to increase.

The substitution effect stems from the fact that a rise in asset prices is an incentive for
economic agents to switch for instance from money to equities as they would expect to obtain

capital gains in the future. We will test the significance of both wealth and substitution effects.

2.5 Other explanatory variables

Inflation appears to be a potential explanatory variable for money demand. Nonetheless, there
is no consensus as to its relevance as an explanatory factor involved in the long-run relationship.
In addition, attempts to take account of financial innovation have been made (Goldfeld and

Sichel, 1990, or Ireland, 1995). Transposing this to the case of the demand for M3 is not an easy



task. Lastly, it should be noted that, concerning the choice of international portfolios, attention
is sometimes given to the possible impact of international capital mobility on money demand.
This can result in the inclusion of an effective exchange rate or of foreign asset prices in the

equation (Ericsson and Sharma, 1998).

3 Specifications and data

3.1 Brief review of the specifications

The money demand function used in empirical studies is written in the following general form
(Ericsson, 1999):
M= f (Y,T)

where M stands for the real monetary aggregate, Y is a variable of scale in real terms (income,
transactions, wealth, etc.) and r is a vector of opportunity costs (alternative yields to the rates
of return on money, yield spreads, etc.). This form of the money demand function draws both
on the transactions-based approach and that based on speculation. Several specifications follow
on from the function given above, but the one most frequently used in empirical studies is the

semi-log linear form:

me =Yg+ V1Yt — Yot + €t

where m; and 1; are the log of the real monetary aggregate and the real variable of scale,
respectively; v;and 75 are unknown parameters assumed to be positive and e; is an error term.
When v, = 1, the previous relationship is interpreted as a velocity of money equation.

A variant of this specification, derived from the maximization of an intertemporal utility

function, was proposed by Stracca (2003), who obtains the following equation:
my = 7Y + Y1Ct — Yo (T?lt — T?wn> + &

with ¢, r,?” and r{*™ representing the log of real consumption, the return on alternative invest-
ment and the return on money respectively. The unknown parameters v, are assumed to be
positive. Note that for the estimation of the demand for M1 in the euro area, Stracca (2003)
used, while amending, the money demand function proposed by Ashworth and Evans (1998)

which is written:

-1
My =0+ 71— 72 (7“?” - 7“?“’”) +er



This last approach differs from the two preceding, inter alia, by virtue of the non-linearity
introduced via the inverse of the opportunity cost. Other specifications, particularly that desig-

nated by the term double log are also available.

3.1.1 First specification: a generalized model

We generalize the previous semi-log specification in incorporating the inflation rate and the
direct effects of the components of the opportunity costs r; = (r¢“™, rft r*) in the money
+ - —

demand equation. This equation is then given by:

My = Yo + 1Y + Yard " — yarst — v4rit — vsm + e (1)

where m; is the log of the real money stock at time ¢, 7; the rate of inflation (measured by the
difference of logarithm of the GDP deflator), y; the log of real GDP, while %", 75t and ri are
the own rate, short and long-term nominal interest rates respectively, and finally €, an error

term. The 7, > 0 are the parameters to be estimated.

3.1.2 Second specification: a financial asset prices augmented version

Several recent studies include financial asset prices in the money demand function for the euro

area. In this case, the money demand equation can be written as:

My = Yo + V1Y + Yare" — Yarst — Y4rit — ysTe + Ygar + & (2)

where a; is the log of the real price of financial assets. 74 is positive in the case of a wealth effect

and negative in the case of a substitution effect.

3.2 Data

Analyzing behavior across an economic area requires an answer to the following question: should
one work on aggregated series for the area as a whole or aggregate the individual equations
estimated for each of the area’s member countries? Two problems then need to be taken into
consideration (Dedola et al., 2001): that arising from the aggregation bias resulting from the
method of aggregation used; and that stemming from a specification bias that penalizes country-
specific equations when there is a substitution between different currencies within the area. In
a general context, Pesaran and Smith (1995) show that estimates for dynamic models applied
to aggregated series are somewhat unsatisfactory. As a consequence, they recommend using the

average of individual estimators as estimators of the model for the area as a whole.



It is not certain, however, that this general diagnosis is relevant in the case of money demand
equations. Dedola et al. (2001) have shown that country-specific equations may contain relevant
information for monetary policy. Thus, where there is no substitution between currencies, the
aggregation of equations estimated country-by-country may be desirable. According to the
same authors, the dynamics resulting from this aggregation are very close to those of the model
estimated on the basis of aggregated series. We have nonetheless opted for the model estimated
using aggregated data for the euro area. In so doing, we are following the findings of Fagan and
Henry (1999) who conclude that there is no aggregation bias in their applications to the euro
area, i.e. the forecasting errors of the aggregated model being lower that those derived from
country-specific equations. In addition, we used quarterly data. The full sample is over the
period 1980:1-2005:4. However we will perform the estimation over the period 1982:1-2004:4 in
order: (a) to take into account the lags in the VAR system, (b) to realize static and dynamic

out of sample simulations.

3.2.1 Real and monetary data

Official sources (Eurostat and ECB) were used in most cases. The M3 aggregate (ECB) available
on a monthly basis since 1980, was made quarterly by taking the average value of monthly out-
standings over one quarter. GDP data (Eurostat) available from 1991 were projected backwards
according to the method put forward by Beyer et al. (BDH, 2001), on account of its mode of
composition (aggregation with variable weighting).

The inflation rate (also from the BDH source before 1991) was calculated as the first difference
of the log of the GDP deflator. The previous series were seasonally adjusted. Short and long-
term nominal interest rates are obtained from the updated Area Wide Model database (Fagan
et al., 2005).

The own rate is defined as the weighted average of the returns on the components of M3
(banknotes in circulation, deposits with an agreed maturity of up to two years, deposits re-
deemable at notice of up to three months, repurchase agreements, certificates of deposit, money
market fund shares/units, and marketable debt securities issued with a maturity of up to two
years). The weightings correspond to the share of the outstanding amount of each component

in the total.



3.2.2 Financial data

Due to the lack of a quarterly aggregated asset price index, we have chosen an European stock
price index which acts as an asset prices indicator. The European stock price index is the
Eurostoxx, available from 1987 to today. It was projected backwards over the period prior to
1987 using the DAX 30 (Carstensen, 2006).* The quarterly values were computed as the average
of monthly values. The real index is the ratio of the back projected Eurostoxx index over the

GDP deflator.?

4 Empirical results

We performed the traditional stationarity tests (augmented Dickey and Fuller — ADF and
Schmidt-Phillips — SP) which showed that the variables are integrated of order one (I(1)), except
maybe inflation. In the case of inflation, due to the low power of the tests, we do not have a
precise indication of whether it is stationary around a trend or stationary of order 1. In the
remainder of the study, it is assumed to be I(1). Therefore, the M3 aggregate and its main
explanatory factors are considered as I(1).

The model takes the standard form of a Vector Error Correction Model (VECM), in which the
number of structural relationships between the different variables is tested. The cointegrating
properties are derived using Johansen’s (1988, 1991) maximum likelihood procedure.

Assume that we can describe the dynamics of variables of model, z;, by a VAR(q) system

v =v+ A1z + ... + Aq$t_q + &t (3)

where ¢; are normally distributed Gaussian innovations. The intercept terms are collected in
the (n x 1) vector v. By subtracting x;—; from both sides, this system can be written as a

vector-error correction model:
q—1
Ary =v+ Z DAz + a1 + & (4)
i=1
withIIT=— (-7 A)and I, = — (Aij1+ ...+ 4,) for i = 1, ...,q — 1, are the matrices for

the short-term coeflicients.

4The EuroStoxx and DAX 30 indices are taken from the Datastream database.
This study does not include a stock market volatility index or tech stock indices, because these variables are

deemed too noisy. Given the very high values of these indices at certain dates, taking them into account would
be equivalent to introducing a dummy variable. Furthermore, this would only be relevant in the framework of an

analysis of short-term dynamics.



Given that the variables in z; are I (1), Johansen (1991) formulates the hypothesis of coin-

tegration as a reduced rank restriction on the Il matrix with
II=ap

where o and /5 are (n x r) matrices. we can interpret rank (II) = r as the number of stationary
long-run relations while the cointegrating vector [ is determined by solving an eigenvalue prob-
lem. Thus, 5'z; is a stationary long-run equilibrium relation with the adjustment towards the
equilibrium driven by the vector of loadings «.

Estimating the cointegrated VAR model requires setting a lag order q. We use the standard
Akaike and Schwartz criteria (AIC and SIC) that compare the goodness of the fit of maximum
likelihood estimations and correct for the loss of degrees of freedom when additional lags are
added. The AIC suggests 1 lag whereas the SIC recommends to retain 2 lags for the two
specifications. Since subsequent models will be heavily parameterized we favour a parsimonious
specification. For this reason we follow the SIC and set ¢ = 2 in the two VAR systems because
the SC uses the higher penalty for extra coefficients.

Johansen’s procedure allows to test the presence and number of cointegration relationships in
the system. In terms of the euro area, there is no consensus regarding the number of cointegration
relations derived from the system set out above: Brand and Cassola (2000) and Coenen and
Vega (2001) accept three cointegration relations while Calza et al. (2001) or Boone et al. (2004)
only identify one. Furthermore, additional restriction tests can be carried out, for example
testing the hypothesis of a unitary value of the elasticity of M3 aggregate to income, which
makes it possible to write the money demand function as a velocity of money equation. In our
specifications (separation of transactions and speculative motives), this hypothesis corresponds
to the framework of the quantitative theory of money. The major breaks brought about by
German reunification and Greece’s entry into the euro area have been taken into account via
the introduction of two short-term dummies (1990:3 et 2001:1).

The trace test (see Table 1, panels A and B) indicates the presence of two cointegration
relationships, while the maximum eigenvalue test indicates 1 relationship in the first specification
and 2 for the second one. We retain 2 cointegration relationships which can be interpreted as a
money demand equation and a Fisher equation. Moreover, in all the cases, the unitary elasticity
of income to money demand was accepted by the likelihood ratio test, at a 5% significance
level. In addition, as the coefficients of the short-term rate and the own rate are of the same
magnitude (in absolute terms), we assumed them to be equal; this constraint was also accepted

by the previous test. It enables us to introduce the short-term rate/own rate spread in the

10



money demand equation. Finally, all the constraints are not rejected around 30% for the first

specification and 50% for the asset prices augmented specification.5

4.1 The generalized specification
4.1.1 Estimates

Each of the two relationships is identified by tests of constraints on long-run coefficients and
adjustment coeflicients. The first long-run relationship thus represents a demand for money in
which M3 depends on real GDP, short-term rate/own rate spread and long term interest-rate,
while the second relationship links the long-term interest rate and the inflation rate and can be
interpreted as a Fisher equation. These two relationships are represented in normalized form in
Table 2 in terms of money demand equation. Our results are positioned between those of Brand
and Cassola (2004) and Coenen and Vega (2001) (3 relationships) and that of Calza et al. (2001)
(1 relationship). However, a significant change in the estimation period has brought about a
change in the number of cointegration relationships: the number of cointegration relationships
increases with the size of the sample.

The unitary income elasticity of money demand has also been tested. The tests make it
possible to not reject, at the 5% significance level, the hypothesis of a unitary GDP elasticity
of money demand. These results appear interesting both from an economic and a statistical
standpoint: the underlying theoretical hypotheses are not rejected by the data and the demand
for money can therefore be rewritten as a velocity of money equation. In addition, the coefficient
of the spread is negative as expected (—0.041) and significantly different from zero while the
long-term interest rate coefficient (—0.007) is not significant. Concerning the Fisher equation,
the coefficient of the long-term interest rate is positive (0.48) and highly significant.”

The diagnostic tests on the properties of the residuals provide satisfactory results: the hy-
pothesis of normality for residuals is accepted; we observe the absence of autocorrelation of
residuals; the hypothesis of the homoscedasticity of residuals is also accepted.

In order to compare our estimates with the recent findings, we harmonized results of the

different studies (Brand and Cassola, 2004; Calza et al., 2001; Coenen and Vega, 2001; and

5The exogeneity tests have been conducted in the standard manner by testing, firstly, the combined exclusion
of the cointegration vectors in each of the equations and, secondly, the exclusion of each of the cointegration

vectors individually in each of the equations.
"We also tested the validity of all the restrictions on the coefficients based on theoretical a priori assumptions.

Overall, we rejected these restrictions because the values of the coefficients were not consistent with those derived

from the theory.

11



Gerlach and Svensson, 2003) carried out on money demand in the euro area. Panel A of Table
3 summarizes the recent estimates obtained for the euro area.®

Unlike the results produced by our study, the income elasticity of money demand is signif-
icantly greater than 1 in the studies cited in this table. It stands at between 1.1 (Coenen and
Vega, 2001) and 1.5 (Gerlach and Svensson, 2003). On the other hand, the coefficients relating
to interest rates are about five times lower than those resulting from our estimates. This dis-
crepancy seems to derive from the different estimation periods and explanatory variables used
in the different studies. Indeed, an estimation of the models presented in Table 3 over the pe-
riod covered in this paper and with the variables used by the different authors leads to similar
coefficients to ours apart from income elasticity which remains higher than 1. In this paper, we
obtain a unitary income elasticity of money demand that is more consistent with the theory.
There is no consensus concerning the impact of interest rates: according to Brand and Cassola,
the coefficient of the long-term interest rate is significant with a right sign but short-term in-
terest rate and own rate have no effects; however, in the other papers, including ours, a spread

(short-term/own rate or short-term/long-term) is found significant.

4.1.2 Structural stability

The above-mentioned estimates may be sensitive to a change in the size of the sample. We should
then test the structural stability of the money demand equation. According to the conventional
methods (number of cointegration relationships, recursive estimation, stability of short-term
dynamics, etc.), the generalized specification is unstable over time. Indeed, the number of
long-term relationships ranges from one to five depending on the start and end dates of the
sample, merely by adding a single observation (see Table 4). In the framework of this analysis,
it is relatively easy to economically interpret two long-term relationships (demand for money
equation and Fisher equation), but interpreting three structural relationships is more complex.

A conventional (informal) method of investigating the stability of the long-run coefficients
consists of graphically examining the recursive estimates of the long-run parameters to determine
whether they change significantly over time. The recursive estimates are obtained by running
the model sequentially, in this case starting from a sub-sample including at least two-thirds

of the observations and then extending it by one observation at a time. Figure 1 shows the

8Unlike in Brand and Cassola’s original paper (2004), the interest rates are not divided by 400. Furthermore,
all of the rates are given as a percentage. As a result, variables of the same nature are expressed in a common

unit. The coefficients estimated in the different studies can therefore be compared directly.
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time paths described by the recursive estimation of the long-run coefficients of the equilibrium
relationships with the respective 95% confidence intervals. The coefficient associated to the yield
spread varies significantly over time, in particular between 1998 and 2000 and has the wrong
sign. The coefficient for the long-term interest rate displays a high value at the beginning of
the period and seems to converge to zero. The results relies to a large extent on the validity
of a set of theoretically-based (over) identifying restrictions on its long-run coefficients. It is,
therefore, important to test also the stability of these restrictions. Figure 2 reports the results
of the recursive test of statistics on the set of restrictions applied for the identification of the
long-run relationships. As the figure shows, the test confirms the previous results in rejecting
the set of constraints between 1998 and the end of 2000.

The stability of the long-term coefficients is linked to that of the short-term coefficients. It
is therefore also important to test the validity of the stability assumption for all of the short-
term coefficients, keeping the coefficients of the cointegrating vector fixed at their full sample
estimates. For this purpose, three types of recursive Chow tests were performed : the 1-step
ahead Chow test detects the presence of outliers while the breakpoint and predictive failure
Chow tests are used to identify possible structural breaks. Figure 3 shows that three outliers
are brought to light with the 1-step ahead Chow test. The last two tests point to a clear degree
of instability, in the money demand equation and in the overall system since the test statistic
is above the 95% critical level for several years. These results lead us to reject the assumption

that the short-term coefficients are stable.

4.2 The asset prices augmented specification
4.2.1 Estimates

In this specification, all the coefficients in the money demand equation (see Table 5) are sig-
nificant. In particular the coefficient for asset prices which displays the highest semi-elasticity
is negative; therefore, a substitution effect prevails. All other things being equal (in this case,
constant output and prices) and based on the quantitative equation of money, a fall in European
stock yields would lead to a rise in real money holdings and a decline in the velocity of money.
Developments on equity markets would therefore appear to be a significant explanatory factor
for M3 dynamics in the euro area.

The coefficient for the long-term interest rate (—0.037) is significantly higher than the coef-
ficient associated to the yield spread (—0.014). The private sector seems more sensitive to the

most risky markets. Furthermore, we obtain a broad version of the Fisher equation: the slope
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(coefficient for the long-term rate) is clearly different from zero but significantly less than one.”

A number of recent studies have focused on the issue of including financial asset prices in the
money demand function. Introducing asset prices is indeed deemed to stabilize the equilibrium
relationships. As regards the euro area, these studies have mainly sought to explain the strong
growth of M3 since 2001. The general climate of uncertainty and the bearish trend on stock
markets may have led economic agents to reallocate their portfolios in favour of instruments
within M3 in anticipation of more favorable economic conditions.

The harmonized results of the main studies carried out on financial asset prices and money
demand in the euro area are summarized in panel B of Table 3.

A first set of papers highlights the transitory role of stock markets in the analysis of the
monetary aggregate. For instance, Kontolemis (2002) finds that introducing asset prices (average
of the DAX and CAC 50) improves the short-term relationship without affecting the stability
of the equilibrium relationship.'® However, the CAC 50, which is made up of the first fifty
technological stocks other than those in the CAC 40, posts large variations and can be likened
to a dummy variable. In reality, the explanatory power of this variable is very weak. Besides,
Bruggeman et al. (2003) show that the impact of financial assets is not significant in the long-
term monetary relationship. However, they are deemed to have a predictive power in the short

run.'! Thus, according to these authors, taking asset prices into account is not essential, in

particular with a view to stabilizing the money demand equation.!?

A second set of recent papers yield more clear-cut conclusions concerning the role of asset
prices for the monetary developments. According to Boone et al. (2004), the cointegration
relationship which links money holdings to its usual determinants and to a household wealth
variable (the weighted assets prices indexes) is stable.! Carstensen (2006) comes to the con-

clusion that the deviation between the return on equity (denoted r{) and the own rate as well

9Like in Bruggeman et al. (2003), the equation of the own rate of M3 can be shown as a pricing relation. As
this relation does not have a microeconomic foundation, we decided not to use it. Furthermore, according to our

estimations, most coefficients in this equation were not significant.
19Similarly, Cassola and Morana (2002) explain that M3 dynamics in the euro area were governed by liquidity

preference between 2001 and 2003, reflecting temporary wealth transfers from financial markets to monetary

assets.
"' Bruggeman et al. also tested the effect of a volatility indicator (defined as the conditional standard deviation

of a GARCH model for weekly data) on the long-run equation. It turned out to be significant but with a weak

explanatory power.
12 A second cointegration relationship appears. According to the authors, it corresponds to a pricing relation

for the own rate of M3 (see footnote 9).
13We are not comfortable with the calculation of this indicator. We, therefore, favoured a stock price index.
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as the stock market volatility index (denoted “volatility”) play an important role in ensuring
the stability of the money demand function: M3 growth can partly be attributed to these two
variables. In addition, contrary to Boone et al., Carstensen obtains a substitution effect.
There is therefore no real consensus regarding basic equations including asset prices; in this
respect, our results are more in line especially with those of the ECB. Note that the OECD
brings to light a positive effect of asset prices on real money holdings. Our findings seem more

realistic in the euro area context.

4.2.2 Structural stability

Whatever the sub-period, one of the two tests indicates the presence of 2 cointegration rela-
tionships except for the sub-periods beginning in 1982:4. In addition, the maximum value of
the number of cointegration relationships is 3 versus 5 for the generalized specification (Ta-
ble 6). Therefore, the real equity return seems to have a significant impact on the number of
cointegration relationships.

The recursive estimation of the coefficients of the equilibrium relationships yields mixed
results (see Figure 4): some parameters (asset prices and the slope of the Fisher equation) vary
very gradually while others (yield spread or long-term rate) are more volatile. Most coefficients
remain significantly different from zero. Further tests do not bring to light any problems of
instability. In particular, the hypothesis of stable short-term dynamics is not rejected. In
addition, despite the presence of a number of outliers (in the first quarter 2001 and the second
quarter 2004 for the money demand equation), overall, the three break tests confirm the stability

hypothesis (Figures 5 and 6).

4.2.3 Simulations and forecasting results

The constrained cointegration vectors (quadrants 1 and 2 in Figure 7) indicate the more or less
pronounced deviations of the endogenous variables observed (real currency holdings and inflation
rate) compared with their equilibrium levels. The dynamic simulations of the long-term model
(quadrants 3 and 4 in Figure 7) show that the simulated values of M3 seem to be consistent
with its observed values. However, the model slightly over-estimates inflation between 1995 and

2000 and under-estimates it between 2000 and 2004.1%

4 The dynamic simulations of the short-term model of the variables in level are also satisfactory. In addition
to the fact that the simulated variables display the same pattern as the observed variables, there is no marked

deviation between the observed and simulated values of the aggregates.

15



To check the predictive properties of the asset prices augmented specification, we perform
out-of-sample simulations (see Figure 8) and compare the observed and simulated values for the
year 2005. The forecasts are computed as recursive out-of-sample forecasts. The model does
not capture the sharp change in the evolution of inflation observed in the second quarter of
2005. However, the observed values of the main variables are comprised in the 95% confidence
bounds based on the VECM model. The model strongly under-estimates the nominal variables
(inflation and all the interest rates) and fits quite well the real variables (GDP, M3 and asset

prices).

5 Real money gap

The real money gap (denoted RMG henceforth) is one of the excess liquidity measures currently
monitored and used in both internal briefing of the ECB and in external analysis. Indeed, it
reflects developments in money not explained by macroeconomic variables of the long-run money
demand model. It thus contains information on money which is captured by the unexplained
part of the actual monetary growth as well as the short-term monetary growth. It is defined
as the deviation of the actual level of the real money stock from a particular definition of the

“equilibrium” level of the real money stock. Formally, this is written in log form as:
Mg = My — My

The equilibrium level of real money holdings (in practice, the reference level or trend) is
obtained by replacing the current values of income, the own rate and opportunity costs respec-
tively by their equilibrium or reference values in the long-term real money holdings equation.

The real money gap can then be written in the following form:
rmge =mi — [0 = 18i + 32 (rF")" + 53 ()" + 44 (1) + A7 + Feai

where z; represents the equilibrium value of the variable z;.
The estimated coefficients are derived from the specification of the real money holdings
equation including financial asset prices. More specifically, the general expression of the real

money gap takes the form:
rmgs = my — |1.578 — yf — 0.014 [(rf))" — (r9"™)*] 4 0.037 (rff) . 0.048aﬂ

The equilibrium values of the variables are defined as trends, calculated by means of a

Hodrick-Prescott filter or a quadratic trend. The results obtained using the two smoothing
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methods (see Figure 9) are comparable both from a qualitative and a quantitative perspective.
Priority should be given to the qualitative aspects, given the uncertainties surrounding the
measurement of the equilibrium values of the variables. There are a few relatively insignificant
differences, but the turning points are identical and both approaches point to the presence of
excess liquidity in the euro area since 2001. This is, however, quite moderate compared with
that recorded between 1991 and 1993.

The current analysis of the RMG is based on the hypothesis that a sustained deviation from
the equilibrium level of the real money stock may be expected to have implications for the future
inflation rate. If so, growth rates of money in excess of those needed to sustain economic growth
at a non inflationary pace, may provide early information on risks to price stability in a medium
to long-run perspective.

The Harmonized Index of Consumption Price (HICP) is used by the European Central Bank
to assess whether price stability has been, or will be, achieved. Therefore, it seems natural to
examine the information content of the real money gap with regard to HICP inflation. Indeed,
the real money gap appears to be a leading indicator of HICP inflation: Table 7 highlights the
strong correlation between the current RMG and the current and forward inflation rate (from
0.79 in contemporaneous to 0.54 at lead 4). According to this admittedly rough attempt to
assess the leading indicator properties of the RMG, the relationship between the two variables is
relatively close in the 80s and the 90s (Figure 10). However, since 2001 the information content
of the RMG seems to have diminished. These results are confirmed by the calculation of the
cross-correlations over the period 1982-2000: the correlations are higher (they range from 0.85
in contemporaneous to 0.55 at lead 4) than those obtained over the full sample. Notice that the

correlations between the current RMG and the lagged inflation rate are also significant.

6 Conclusion

Our results confirm the strong sensitivity of the basic money demand equation for the euro area.
This is mainly reflected in the instability of the parameters and the significant variation in the
number of long-term relationships. Introducing European equity prices produces a slightly more
stable relationship. In addition, our estimations show a substitution effect (negative effect of
stock yields on real money holdings). Our equation including asset prices is in line with those
recently put forward for example by the ECB and the OECD. In our study, the asset price effect

is significant and the substitution effect is in keeping with expectations, whereas the OECD
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highlights a wealth effect instead of a substitution effect, which is more difficult to justify.

Although caution should be exercised when interpreting the results, the real money gap
appears to have been positive since 2001. This points to the presence of moderate, albeit
persistent, excess liquidity in the euro area since 2001. The relationship between HICP inflation
and the real money gap is relatively close. This result enables us to regard the real money gap
as a leading indicator of inflation, whose predictive power seems however to have diminished in
the last few years.

Our findings suggest avenues for future research: (i) determinants of money demand seem
to play an important role in certain sub-periods, less so in others, for example the exceptionally
strong preference for liquidity from 2001 to 2003; therefore, a natural way to proceed could
be to implement a Markov-switching framework so as to detect possible regime changes and
their macroeconomic determinants; (ii) money demand functions are semi-structural models in
partial equilibrium; introducing money in a dynamic stochastic general equilibrium model of the
euro area could considerably improve the quality of the assessment of the risks to price stability

stemming from monetary developments.
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Table 1. Cointegration tests

Panel A. Generalized model

Figenvalues Rank Nerace )\Imce Amax )\Inax
0.57711 =0 140.60** 105.45** 61.97** 46.48**

0.34052 <1 78.64% 58.98* 29.97 22.48
0.24996 <2 48.66 36.50 20.71 15.53
0.18742 <3 27.95 20.96 14.94 11.21
0.13919 <4 13.01 9.76 10.79 8.09
0.03033 <5 2.22 1.66 2.22 1.66

Panel B. Asset prices augmented model

Eigenvalues Rank Atrace )\Imce Amax /\;’nax
0.69156 =0 216.44* 153.31" 84.69** 59.99**
0.58387 <1 131.75** 83.32* 63.13"* 44.71*
0.29900 <2 68.62 48.61 25.58 18.12
0.20984 <3 43.04 30.49 16.96 12.01
0.17257 <4 26.09 18.48 13.64 9.66

0.12507 <5 12.45 8.82 9.62 6.81

0.03849 <6 2.83 2.00 2.83 2.00

Note: t denotes adjustment for degrees of freedom as in Reimers (1992);

** (%) rejection of the null hypothesis at 1% (5%) critical level.

Table 2. Estimates of the long-term relationship

(generalized specification)

Money demand equation Fisher equation
Variables Coefficients Variables Coeflicients
. constant —3.344
constant (10.%125) (1.912)
it 0.480
Yt 1'(9())0 "t (0.150)
rft —rgn —0.041
(0.015)
rit —0.007
(0.009)

Restriction test (LR): x2 (5) = 6.020 [0.304]
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Table 3. Long-term money demand equations: main studies for the euro area

Panel A. Studies without asset prices

Authors Brand and Cassola | Calza et al. Coenen and Vega | Gerlach and Svensson
Periods 1980:1-1999:3 1980:1-1999:4 1980:4-1998:4 1981:1-1998:4
Nbr. of long-run 3 1 univariate approach | univariate approach

relationships
Yt 1.331 1.336 1.125 1.510
ryn
rst
rit —0.0040
rit—rgwn —0.0086
Tft—rlt —0.0087 —0.0156
Ty —0.0151
Panel B. Studies including asset prices
Authors Boone et al. Bruggeman et al. Kontolemis Carstensen
Periods 1971:1-2003:4 1980:4-2001:4 1980:1-2001:3 | 1980:1-2003:2
Nbr. of long-run ) 5 ) )
relationships
Yt 1 1.39 1 1.25
rgn 1.04
Tyt —0.007 —0.62 —0.046
rit —0.0044
st — plt —0.019
r¢ —rgn —0.0014
volatility 0.04
ag 0.268 —0.001 —0.40
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Table 4. Number rl1/r2 of cointegration relationships

(generalized specification)

Sample start Sample end date
date 2002:1 | 2002:4 | 2003:1 | 2003:4 | 2004:1 | 2004:4
1981:1 4/1 4/1 4/1 4/1 4/1 4/1
1981:4 5/2 5/2 5/1 5/1 5/1 5/1
1982:1 5/1 5/1 4/1 3/1 3/1 2/1
1982:4 2/1 3/1 3/1 1/1 1/1 1/1
1985:1 2/1 4/2 1/1 1/1 1/1 1/1
1985:4 3/1 1/1 1/1 1/1 1/1 1/1
1986:1 3/1 2/1 1/1 1/1 1/1 1/1
1986:4 3/1 3/1 2/1 2/1 3/1 3/1
1987:1 2/1 2/1 2/1 1/1 1/1 2/1

rl/r2: rl represents the number of relationships obtained using the trace test

and r2 the number of relationships obtained using the maximum eigenvalue test

(at a 5% signifiance level).

Table 5. Estimates of the long-term relationship

(asset prices augmented specification)

Money demand equation Fisher equation
Variables  Coefficients Variables Coefficients
constant 1.578 constant —3.286

(0.069) (1.638)

Yt 1.000 rit 0.405

(=) (0.175)
rft — rgn —0.014
(0.008)
rit —0.037
(0.009)
at —0.048
(0.012)

Restriction test (LR): x2 (10) = 9.481 [0.487]
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Table 6. Number r1/r2 of cointegration relationship

(asset prices augmented specification)

Sample start Sample end date
date 2002:1 | 2002:4 | 2003:1 | 2003:4 | 2004:1 | 2004:4
1981:1 2/1 2/1 2/1 2/1 2/1 2/1
1981:4 2/2 3/2 3/2 3/2 3/2 3/2
1982:1 2/1 2/1 2/1 2/1 2/1 2/1
1982:4 1/1 1/1 1/1 1/1 1/1 1/1
1985:1 2/2 2/2 2/2 2/2 2/2 2/2
1985:4 2/2 2/2 2/2 2/2 2/2 2/2
1986:1 2/2 2/2 2/2 2/2 2/2 2/2
1986:4 2/2 3/2 3/2 2/2 2/2 2/2
1987:1 3/2 3/2 3/3 3/2 3/2 3/2

rl/r2: rl represents the number of relationships obtained using the trace test

and r2 the number of relationships obtained using the maximum eigenvalue test

(at a 5% signifiance level).

Table 7. Cross-correlations of HICP inflation and Real Money Gap

corr (rmgt, W{i[icp
-4 | =3 | =2 | -1 [i=0| 1 2 3 4
0.451 | 0.541 | 0.632 | 0.715 | 0.791 | 0.752 | 0.670 | 0.606 | 0.544
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Figure 1. Recursive estimates of the long-term coefficients

(generalized specification)
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Figure 2. Recursive test for (over) identifying restrictions

(generalized specification)
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Figure 3. Chow Tests (generalized specification)
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Figure 4. Recursive estimates of the long-term coefficients

(asset prices augmented specification)
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Figure 5. Recursive test for (over) identifying restrictions

(asset prices augmented specification)
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Figure 6. Chow Tests (asset prices augmented specification)
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Figure 7. Dynamic simulations of the long-term relationship
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Figure 9. Real money gap
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