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Abstract

Although stable money demand functions are crucial for the monetary model of the

exchange rate, empirical research on exchange rates and money demand is more or

less disconnected. This paper tries to fill the gap for the Euro/Dollar exchange rate.

We investigate whether monetary disequilibria provided by the empirical literature

on U.S. and European money demand functions contain useful information about

exchange rate movements. Our results suggest that the empirical performance of

the monetary exchange rate model improves when insights from the money demand

literature are explicitly taken into account.
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Non-Technical Summary

The assumption of stable money demand functions is of crucial importance for the

monetary model of the exchange rate. The way economic fundamentals enter the

money demand functions home and abroad determines how the equilibrium value of

the exchange rate is affected by money supplies, incomes, and interest rates.

This paper examines whether the monetary approach to the exchange rate benefits

from a more careful treatment of the underlying money demand functions. In par-

ticular, we make explicit use of recent results of the money demand literature when

estimating an exchange rate equation. Incorporating monetary disequilibria – retrieved

as deviations from the money demand relationships home and abroad – in the exchange

rate equation we explicitly refer to the money demand functions as an input and not as

an implicit by-product of the exchange rate analysis. Furthermore, including the mone-

tary disequilibria home and abroad separately in the exchange rate equation sheds more

light on the various channels affecting the exchange rate. We illustrate our approach

with regard to the Euro/Dollar exchange rate.

We find that the Euro/Dollar exchange rate reacts to monetary disequilibria in

Europe and the U.S. significantly and in a plausible way. Moreover, the use of well-

specified money demand functions tends to improve the empirical performance of

monetary exchange rate equations in-sample and out-of-sample. This indicates that

the explanatory power of empirical exchange rate models might be improved substan-

tially by taking insights from the money demand literature into account.



Nicht-technische Zusammenfassung

Im Rahmen des monetären Modells des Wechselkurses kommt der Annahme stabiler

Geldnachfragefunktionen eine zentrale Bedeutung zu. Über die Gestalt der inländischen

und ausländischen Geldnachfragefunktion ist bestimmt, in welcher Weise Geldmengen,

Einkommen und Zinsen den Gleichgewichtswert des Wechselkurses beeinflussen.

In diesem Papier wird untersucht, ob die Erklärungskraft des monetären Modells

durch eine sorgfältigere Berücksichtigung der zugrunde liegenden Geldnachfragebezie-

hungen erhöht werden kann. Insbesondere werden bisherige Ergebnisse der empirischen

Literatur zur Geldnachfrage explizit für die Wechselkursanalyse verwandt. Hierzu wer-

den monetäre Ungleichgewichte – d.h. kurzfristige Abweichungen von der inländischen

sowie der ausländischen Geldnachfragefunktion – separat in die Wechselkursgleichung

einbezogen. Dabei stützt sich die Analyse auf geschätzte Geldnachfragebeziehungen aus

der empirischen Literatur. Anders als in bisherigen Studien ergeben sich Erkenntnisse

über Geldnachfragefunktionen somit nicht residual aus der Wechselkursanalyse, son-

dern dienen als zentrale Information für die Untersuchung von Wechselkursdynamik.

Darüber hinaus erlaubt es die separate Modellierung monetärer Ungleichgewichte, die

verschiedenen Wirkungskanäle aufzuzeigen, über die der Wechselkurs beeinflusst wird.

Der vorgeschlagene Ansatz wird am Beispiel des Euro/Dollar-Wechselkurses veran-

schaulicht.

Die empirischen Ergebnisse zeigen, dass der Euro/Dollar-Wechselkurs in plausibler

und statistisch signifkanter Weise auf monetäre Ungleichgewichte in den USA und Euro-

pa reagiert. Weiterhin wird im Rahmen einer in-sample sowie out-of-sample Evaluation

gezeigt, dass die Erklärungskraft von Schätzgleichungen für den Wechselkurs durch die

Berücksichtigung wohlspezifizierter Geldnachfragefunktionen verbessert werden kann.

Somit scheint sich die empirische Evidenz für das monetäre Modell des Wechselkurses

zu erhöhen, wenn Erkenntnisse der Geldnachfrage-Literatur explizit in die Wechselkurs-

analyse einbezogen werden.
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Monetary Disequilibria

and the Euro/Dollar Exchange Rate1

1 Introduction

The assumption of stable money demand functions is of crucial importance for the
monetary model of the exchange rate. The way economic fundamentals enter the
money demand functions home and abroad determines how the equilibrium value of
the exchange rate is affected by money supplies, incomes, and interest rates. As Smith
and Wickens (1986) already emphasized, inappropriate modeling of money demand
functions might be a major cause for the empirical failure of monetary exchange rate
models. This paper examines whether the monetary approach to the exchange rate
benefits from a more careful treatment of the underlying money demand functions.

A lot of recent contributions have confirmed the stability of money demand for the
Euro Area, see Bruggeman et al. (2003) and the papers cited therein. For the U.S.,
convincing evidence for the stability of money demand is provided by Carlson et al.
(2000). Given the stability of money demand functions, important requirements for
applying the monetary approach to the Euro/Dollar exchange rate are actually met.

A distinguishing feature of this study is that we make explicit use of the results from
recent money demand literature when estimating a monetary exchange rate equation.
In particular, we investigate how the Euro/Dollar exchange rate responds to the mone-
tary disequilibria identified by Carlson et al. (2000) and the literature on the European
money demand. Using stable money demand functions as an input – and not as an
implicit by-product – misspecified money demand functions should not longer be an
issue for the exchange rate analysis. Furthermore, including the monetary disequilibria
home and abroad separately in the exchange rate equation sheds more light on the
various channels affecting the exchange rate.

1 Corresponding Authors:

Dieter Nautz, Goethe-University Frankfurt, Department of Money and Macroeconomics,
Mertonstr. 17–21, 60054 Frankfurt (Main), Germany; e-mail : nautz@wiwi.uni-frankfurt.de

Karsten Ruth, Deutsche Bundesbank, Economics Department, Wilhelm-Epstein-Str. 14,
60431 Frankfurt (Main), Germany; e-mail : karsten.ruth@bundesbank.de
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Since the seminal paper by Meese and Rogoff (1983), a lot of work has been done
aimed at improving the performance of empirical exchange rate models. In particular,
MacDonald and Taylor (1994) established multivariate cointegration techniques in the
exchange rate literature in order to model the dynamics of the exchange rate more
appropriately. Yet the empirical evidence for the monetary exchange rate model is still
mixed, see e.g. Cheung et al. (2002). Many contributions that claim to support the
monetary model have severe problems identifying the cointegrating relation linking the
exchange rate to economic fundamentals. Often, there is ambiguity with respect to the
number of cointegrating relations. Moreover, as Rapach and Wohar (2004) recently
emphasized, even when cointegration is supported by the data, the estimates for the
cointegrating vector typically do not support the monetary model. In fact, the implied
estimates of long-run income and interest rate elasticities of money demand obtained
as by-products of the exchange rate analysis are often at variance with both economic
theory and the results of the empirical money demand literature.

The closest references to this paper are La Cour and MacDonald (2000), and
Moersch and Nautz (2001). These papers also argue that exchange rate dynam-
ics could be better understood if the monetary building blocks of the model were
to be treated more carefully. However, both papers do not integrate the results of
the empirical money demand literature. This explains why La Cour and MacDonald
(2000) fail to identify plausible money demand relations for the U.S. and Europe. For
example, in sharp contradiction to the money demand literature conclusions, La Cour
and MacDonald (2000) base their exchange rate analysis on money demand functions
with zero income elasticities.

Our paper shows that the Euro/Dollar exchange rate reacts to monetary disequi-
libria in Europe and the U.S. significantly and in a plausible way. We find that the
use of well-specified money demand functions tends to improve the empirical perfor-
mance of monetary exchange rate equations in-sample and out-of-sample. The paper
is structured as follows: Section 2 presents the standard reduced form approach to the
monetary exchange rate model and discusses potential benefits of a more structural
specification of the exchange rate equation. Section 3 briefly reviews recent studies
on U.S. and European money demand. Following Carlson et al. (2000) we derive
the corresponding monetary disequilibria as deviations from long-run money demand.
In Section 4 we estimate standard reduced form as well as structural exchange rate
equations where the exchange rate responds to deviations from PPP, the interest rate
differential and the various monetary disequilibria proposed by the empirical money
demand literature. The empirical performance of both kinds of exchange rate equa-
tions are compared in-sample and out-of-sample by means of dynamic simulations and
predictive regressions. Section 5 summarizes our main results and concludes.
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2 The Monetary Model of Exchange Rate Determination

2.1 A Brief Review of the Literature

The standard flexible price monetary model of exchange rate determination assumes
that stable long-run money demand functions for the home and foreign economy are
linked by Purchasing Power Parity (PPP):

m− p = αy + δi + ecm (1)

m∗ − p∗ = α∗y∗ + δ∗i∗ + ecm∗
(2)

s = p− p∗ + ecppp (3)

Following the usual notation m, p, y, and i denote money supply, price level, real income
(all in logs), and an interest rate measuring the opportunity costs of holding money.
An asterisk indicates foreign variables. s is the logged nominal exchange rate expressed
as units of domestic currency per unit of foreign currency, i.e. a rise in s corresponds to
a depreciation of the home currency. The ec-terms capture the stationary deviations
from the three economic long-run relationships underlying the monetary model.

The empirical relevance of the monetary exchange rate model is still under debate.
After a time of vanishing confidence in the model – mainly induced by the disappointing
results of Meese and Rogoff (1983) – renewed interest in the monetary model arose with
the development of new econometric methods. In particular, the use of cointegration
techniques for the analysis of the long-run dynamics implied by the equations (1) to (3)
increased the support to the monetary model, see e.g. MacDonald and Taylor (1994).

The empirical literature typically refers to the reduced form equation of the ex-
change rate, which links the equilibrium value of the exchange rate to macroeconomic
fundamentals as follows:

st = β0 + β1mt + β2m
∗
t + β3yt + β4y

∗
t + β5it + β6i

∗
t + ut (4)

The reduced form equation can be derived by substituting (3) into (1)–(2). In this
case, one obtains β1 = −β2 = 1, β3 = −α, β4 = α∗, β5 = −δ, β6 = δ∗. Since
u = ecppp + ecm∗ − ecm is stationary, the long-run relations (1) to (3) imply that (4) is
a cointegrating relation of the reduced system z = (s, m,m∗, y, y∗, i, i∗). Note that the
fundamental equation (4) is only identified if the cointegration rank of z equals one. In
fact, the main problem of the empirical exchange rate literature is the determination
of the cointegration rank of z.

On the one hand, there are studies where the evidence for the existence of any
cointegrating relation is only poor (see Kim and Mo 1995, p.355; Mark 1995, pp.208).
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Recent work on the monetary model by Groen (2000, 2002) explains the absence of
cointegration by the low power properties of cointegration tests in small samples. Con-
sequently, he proposes the application of panel data techniques to solve the ’time span
problem’. In fact, exploiting the cross-section dimension of a multi-country panel often
supports the existence of a cointegrating relation; see e.g. Oh (1999), Mark and Sul
(2001) Rapach and Wohar (2004). Alternatively, Rapach and Wohar (2002) expand
the time dimension by using long spans (i.e. of about a century) of data. They show
that deviations from the monetary model are highly persistent near-unit root processes,
which might be responsible for the difficulties in finding support for cointegration when
using short time spans of data.2

On the other hand, there might be more than one cointegrating vector (see
MacDonald and Taylor 1994; Moosa 1994). In this case, the long-run equilibrium
value of the exchange rate given by (4) is not uniquely determined. As a consequence,
determining the cointegrating vector most consistent with the monetary model is often
viewed as a matter of judgement. Note, however, that even this vector may exhibit
implausible estimates for the income and interest elasticities or even wrong signs of
the coefficients, see MacDonald and Taylor (1994). In line with uncovered interest rate
parity, a natural candidate for a second cointegrating relation is a stationary interest
rate differential (ird):

i− i∗ = ecird. (5)

A stationary interest rate differential implies that the long-run coefficients β5 and β6 in
(4) are not identified. For any real number λ, there is an equivalent fundamental equa-
tion with β5 = (λ− δ) and β6 = −(λ− δ∗) associated with a different equilibrium value
of the exchange rate. As a consequence, the deviation from the equilibrium exchange
rate defined by the stationary error-correction term u = ecppp + ecm∗ − ecm − λecird is
also not identified. The importance of interest rate differentials for the specification of
exchange rate relationships has been emphasized by e.g. MacDonald and Marsh (1997),
and La Cour and MacDonald (2000).

A further caveat of the empirical exchange rate literature refers to parameter
restrictions. In particular, the hypothesis of a unit coefficient for relative money
(i.e. β1 = −β2 = 1), which follows from the fundamental equation of the exchange
rate, is typically not easily accepted by the data. Some recent contributions restrict
the attention to relative money supplies and incomes. This implies equality restrictions

2 Notice further that cointegration tests applied in the empirical exchange rate literature usually
pay little attention to the fact that nominal money supply potentially follows an I(2) process, see
Holtemöller (2004). In this paper, this is not an issue because we will deal with stationary monetary
disequilibria derived from demand functions for real money (see Section 3).
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on income elasticities of money demands home and abroad. Moreover, e.g. Rapach and
Wohar (2002, 2004), and Groen (2002) do not explicitly account for interest rate effects
so that the fundamental exchange rate equation melts down to:

st = β0 + β1(mt −m∗
t ) + β3(yt − y∗t ) (6)

Finally, Mark and Sul (2001) assume unit income elasticities of money demand for both
countries:

st = β0 + (mt −m∗
t )− (yt − y∗t ) (7)

Simplifying assumptions on money demand have become increasingly popular in the
empirical exchange rate literature. Yet, the empirical support for these assumptions is
often poorly founded. The following section illustrates that many of these assumptions
clearly contradict the evidence found for income and interest rate elasticities of the U.S.
and European money demand.

2.2 Monetary Disequilibria and the Exchange Rate

The distinguishing feature of the monetary model compared to solely considering PPP
for exchange rate determination is that it additionally considers the effect of mone-
tary disequilibria in the home and foreign country on the exchange rate. Therefore,
La Cour and MacDonald (2000) advocated analyzing the ’money-market building blocks’
of the monetary model separately instead of restricting attention to the single long-run
relation emphasized by the reduced form equation (4). In this case, the single error-
correction term u = ecppp + ecm∗ − ecm − λecird summarizes the deviations from all
economic long-run relationships of the monetary model. Accordingly, the resulting
error-correction equation of the exchange rate includes only the disequilibrium term u:

∆st = γrut−1 + ... + ηt = γr(ecppp + ecm∗ − ecm − λecird)t−1 + ... + ηt (8)

While the speed of the adjustment to the interest rate differential (γrλ) is not identified
in (8), it is assumed to be the same (γr) for PPP and both monetary disequilibria,
see Moersch and Nautz (2001). It is worth emphasizing that these restrictions on the
adjustment dynamics of the exchange rate are not implied by the monetary model. It
seems more natural to allow the exchange rate to adjust to deviations from the money
demand relations (home and abroad) to the interest rate differential and to deviations
from PPP in an unrestricted way.3 Therefore, we suggest the following structural error-
correction equation for the exchange rate which separately accounts for the deviations

3 Modeling deviations of the exchange rate from PPP in addition to deviations from economic
fundamentals was also proposed by Mark and Sul (2001, p.41).
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of all relevant economic long-run relations including ecm, ecm∗
, ecppp and ecird:

∆st = γmecm
t−1 + γm∗ecm∗

t−1 + γpppec
ppp
t−1 + γirdec

ird
t−1 +

k∑

j=1

θj∆st−j + εt (9)

Theory predicts particular signs for the different γ-coefficients: An excess money supply
in Europe (ecm

t−1 > 0) is expected to result in a depreciation of the Euro (γm > 0), while
an excess money supply in the U.S. (ecm∗

t−1 > 0) should be followed by an appreciation
of the Euro against the Dollar (γm∗ < 0). Furthermore, a positive deviation from
PPP (ecppp

t−1 > 0) indicates an undervaluation of the Euro, which should lead to an
appreciation (γppp < 0). Moreover, a positive interest rate differential (ecird > 0) might
be followed by an appreciation of the Euro (γird < 0).

The analysis of exchange rate dynamics by means of the structural error-correction
equation (9) requires the identification of the monetary disequilibria ecm and ecm∗

.
Since inappropriate modeling of money demand would lead to misspecified monetary
disequilibria, this paper proposes borrowing these estimates from the empirical money
demand literature. The empirical analysis of the monetary exchange rate model should
benefit from carefully specified money demand function in various ways. While stan-
dard reduced form exchange rate equations often imply implausible income and interest
rate elasticities of money demand, the use of well-specified money demands provided
by the literature avoids this problem. Similarly, there is no need to impose problematic
parameter restrictions on income or interest rate elasticities. Finally, the structural ex-
change rate equation (9) does not impose arbitrary equality restrictions on the exchange
rate dynamics.

The following Section 3 reviews the monetary disequilibria presented in the recent
literature on U.S. and European money demand functions. The impact of the different
estimates for the monetary disequilibria on the Euro/Dollar exchange rate is examined
in Section 4.

3 Money Demand and Monetary Disequilibria

3.1 Money Demand in the U.S.

Compared to the large number of recent contributions on European money demand,
there are only a few studies on money demand in the United States. This might reflect
the minor role of monetary aggregates within the monetary strategy of the Federal
Reserve Bank. A very comprehensive study on U.S. money demand is provided by
Carlson et al. (2000). They find evidence for a stable money demand relationship with
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regard to the broad monetary aggregate M2 when controlling for episodes of financial
innovation in the nineties. Focusing on the aggregates M2M and MZM, which exclude
small time deposits, they control for effects of households’ portfolio reallocation which
might be responsible for the instability of the M2 money demand relation detected by
Miyao (1996).

Figure 1 depicts monetary disequilibria implied by different money demand func-
tions for M2M and MZM as estimated by Carlson et al. (2000). One observes large
equilibrium deviations during the ’monetaristic experiment’ (1979–1982) at the begin-
ning of the eighties, but these deviations become smaller around 1985. In the early
nineties there was an excess money supply, which disappeared by the end of 1995.
Table 1 shows that the estimated long-run elasticities of money demand differ when
e.g. different measures for the opportunity costs of money holdings are used. Yet,
the implied monetary disequilibria identified by Carlson et al. (2000) are remarkably
similar.

Figure 1: U.S. Monetary Disequilibria 1976:1–1998:4
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Notes:
Monetary disequilibria are calculated from the money de-
mand relations for M2M and MZM; see Carlson et al. (2000),
Tables 3/4/10 (upper panels, specification with 6 lags)
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3.2 Money Demand in Europe

Due to the important role of monetary aggregates for the monetary policy of the
European Central Bank (ECB), the European money demand has been very well re-
searched.4 Table 1 surveys the long-run money demand relations estimated by various
authors. These studies differ with respect to (1) the applied econometric methods, (2)
the way they construct synthetic European data, and (3) the choice of variables:

(1) With regard to the econometric method one can distinguish between single-
equation approaches (e.g. Funke 2001; Golinelli and Pastorello 2002) and ap-
proaches based on cointegrated vector-autoregressions (e.g. Kontolemis 2002;
Müller 2003; Holtemöller 2004).

(2) There are different methods applied for constructing ’synthetic’ Euro data: Some
studies use area-wide data uniformly constructed by the index aggregation method,
compare Fagan and Henry (1998, pp.503). Alternatively, the irrevocable fixed
conversion rates are applied to express nominal variables in Euro (e.g. Brand
and Cassola 2000; Müller 2003). Only a few authors present results for different
aggregation methods (e.g. Brand et al. 2002; Bruggeman et al. 2003).

(3) There are differences concerning the choice of variables, especially with regard
to the measure for opportunity costs of money holdings and the inclusion of the
inflation rate.

Despite these differences in the empirical set up, all studies support the stability of
European money demand. In particular, the estimated income and interest rate elas-
ticities differ notably in some cases. However, the consequences and importance of
these differences for monetary policy and the exchange rate are not obvious. The cru-
cial point is whether differences in the estimated money demand functions also lead to
pronounced differences in the corresponding monetary disequilibria. Following Carlson
et al. (2000), we therefore computed monetary disequilibria for Europe derived from
the reported money demand relationships as follows:

ecm
t = mt − pt − ft (10)

where ft is the r.h.s. of the money demand relations reported in Table 1. The resulting
monetary disequilibria are displayed in Figure 2.5

4 The growing interest in the properties of a union-wide money demand resulted from the two-pillar
strategy of the ECB where the the first pillar required a stable (European) money demand relation.
Though the ECB has recently reduced the importance of monetary aggregates within its monetary
strategy, a stable money demand relation remains important for money growth to be a reliable
indicator for inflationary pressure.

5 All disequilibria are mean-adjusted, whereby the mean is calculated over the respective estimation
sample, see Table 1.
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Table 1: Recent Studies on Money Demand in Europe and the U.S.

Study Sample Money Demand Relation

EMU:

Brand / Cassola (2000) 1980:1–1999:3 mt − pt = 1.331yt − 1.61ilt

Coenen / Vega (2001) 1980:4–1998:4 mt − pt = 1.125yt − 0.865(ilt − ist )− 1.512πt

Funke (2001) 1980:3–1998:4 mt − pt = 1.21yt − 0.3ist + 0.06D86

Brand et al. (2002) 1980:1–2001:2 mt − pt = 1.34yt − 0.45ilt

Golinelli / Pastorello (2002) 1980:3–1997:4 mt − pt = 1.373yt − 0.681ilt

Kontolemis (2002) 1980:1–2001:3 mt − pt = yt − 1.45ist

Holtemöller (2004) 1984:1–2001:4 mt − pt = 1.275yt − 0.751ilt

Müller (2003) 1984:1–2000:4 mt − pt = 1.57yt − 2.22ilt + 1.87ist

Bruggeman et al. (2003) 1981:3–2001:4 mt − pt = 1.25yt − (ist − iown
t )

USA:

mt − pt = 0.717IPt − 5.245oppcostt

Carlson et al. (2000) 1976:1–1998:12 mt − pt = 0.898IPt − 5.274oppcostt

mt − pt = IPt − 4.612oppcostt

Description of the Variables
(For a detailed description of the data and the aggregation method applied see the respective paper)

m: (log) nominal money supply
p: (log) price level
y: (log) Gross Domestic Product (GDP)
il: long-term nominal interest rate
is: short-term nominal interest rate
iown: own-rate of M3 (see Bruggeman et al. 2003, p.37)
π: annualized quarterly inflation (derived from GDP deflator; see Coenen / Vega 2001, p.731)
D86: dummy variable (see Funke 2001, p.705; also: Coenen / Vega 2001, p.733)
IP : (log) industrial production
oppcost: opportunity costs of holding money (see Carlson et al. 2000, p.349)

9



Figure 2: European Monetary Disequilibria 1984:1–2002:4
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Most European money demand functions indicate an episode of excess money supply
from 1992 up to (about) 1997 – a situation which also seems to be prevalent since
mid-2001, although this is only supported by the money demand studies corresponding
to the top and the middle figure.

In the following section, we investigate how the Euro/Dollar exchange rate responds
to the monetary disequilibria identified by the empirical literature on U.S. and European
money demand introduced above.

4 Monetary Disequilibria and the
Euro/Dollar Exchange Rate: Empirical Results

4.1 Data

We used quarterly data within a common sample 1984:1–2002:4, see Table 1. Following
Carlson et al. (2000) we took data from the Federal Reserve Bank of St. Louis (FRED II)
for constructing the U.S. monetary disequilibria. These data were converted from
monthly to quarterly frequency. Calculations for the European monetary disequilibria
are based on the (synthetic) European data used in the respective study on European
money demand.6

European time series were projected up to 2002:4 using growth rates of the respec-
tive variables from the Euro Area Statistic (EAS) of the ECB. In particular, we derived
nominal and real money growth using the ECB series for (seasonally adjusted) M3 and
the GDP deflator, whereby the latter was also used for computing (annualized) infla-
tion. Furthermore, growth rates of real GDP were computed using the ECB series for
nominal GDP and the GDP deflator.
For interest rates, the time series were expanded by the (quarterly averages of the)
Euribor 3-month rate and the 10-year government bond yield.7

The synthetic Euro/Dollar exchange rate was constructed by backcasting the Euro/Dollar
exchange rate series from the ECB since 1999 using a weighted sum of growth rates of
10 national bilateral exchange rates. In contrast to La Cour and MacDonald (2000), we

6 We thank Claus Brand, Annick Bruggeman, Günter Coenen, Oliver Holtemöller and Christian
Müller for providing us with the original data used for their analyses. Data for Golinelli and Pas-
torello (2002) are available at: http://www.spbo.unibo.it/pais/golinelli/macro.html. Funke (2001)
essentially draws on the same dataset as Coenen and Vega (2001). Kontolemis (2002) expands
the dataset of Brand and Cassola (2000) up to 2001:3. The U.S. data can be downloaded at
http://research.stlouisfed.org/fred2.

7 The own rate of M3 as used in Bruggeman et al. (2003) was computed for the period 2002:1–2002:4
by a dynamic simulation of a regression D(iown

t ) on D(ist ) (within a sample 1994:2-2001:4) where
ist is the Euribor 3-month rate obtained from the EAS. D(·) is the difference operator.
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do not consider the European Currency Unit (ECU), since the ECU included countries
which have not joined the EMU (Denmark, United Kingdom). In contrast as well,
Austria and Finland – which introduced the Euro in 1999 – were not included in the
ECU. The fixed weights used for this index aggregation (see Fagan and Henry 1998)
are GDP weights (1998) at PPP exchange rates.

4.2 Structural Exchange Rate Equations

After these preliminaries, we now turn to the estimation of the structural exchange rate
equation (9):

∆st = γmecm
t−1 + γm∗ecm∗

t−1 + γpppec
ppp
t−1 + γirdec

ird
t−1 +

k∑

j=1

θj∆st−j + εt

where ecppp and ecird denote the stationary deviations from PPP and the interest rate
differential, and the monetary disequilibria ecm, ecm∗

are borrowed from the money
demand studies introduced in Section 3.8

Each combination of European and U.S. money demand functions leads to a dif-
ferent pair of monetary disequilibria ecm, ecm∗

. However, the number of relevant
combinations can be reduced because the various U.S. monetary disequilibria derived
by Carlson et al. (2000) are very similar (see Figure 1). In fact, it can be shown that the
following results will not depend substantially on the specific choice of the U.S. money
demand function. In the following, we therefore present the results for each of the nine
different European money demand functions reported in Table 1 and a representative
U.S. monetary disequilibrium term (ecm∗

= m∗ − p∗ − 0.717IP + 5.245oppcost).
The left part of Table 2 shows the estimated adjustment parameters for the struc-

tural exchange rate equations. In most cases, the adjustment coefficients are significant
and show the expected signs. The only exception is the negative but insignificant
estimate for γm obtained for the exchange rate equation based on the European money
demand function provided by Müller (2003). The overall impression is that the esti-
mated adjustment parameters are rather similar across the equations. With the ex-
ception of the exchange rate equation associated with Brand and Cassola (2000), the
exchange rate tends to respond faster to monetary disequilibria than to deviations from
PPP (γppp).

8 The (log) U.S. GDP deflator and the (log) European GDP deflator enter the ecppp term as foreign
and domestic price levels whereas ecird includes the European and the U.S. 10-year government
bond yield. According to standard unit root tests, both regressors can be viewed as stationary. For
the sake of completeness, please note that all equations contain a constant and an impulse dummy
D924 capturing the effects of exchange rate market turmoils in fall 1992.
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Table 2:
Adjustment Coefficients of Structural and Reduced Form Exchange Rate Equations

reduced form
structural equation (9)

equation (8)

money demand study γ̂m γ̂m∗ γ̂ppp γ̂ird γ̂r

Brand et al. 0.511
(0.335)

−0.200∗
(0.119)

−0.069∗∗
(0.034)

−1.569∗∗∗
(0.532)

−0.072∗∗∗
(0.024)

Bruggeman et al. 0.590∗
(0.329)

−0.258∗∗
(0.127)

−0.074∗∗
(0.034)

−1.768∗∗∗
(0.557)

−0.059∗
(0.034)

Holtemöller 0.628∗∗
(0.307)

−0.244∗∗
(0.121)

−0.066∗∗
(0.033)

−1.682∗∗∗
(0.531)

−0.073∗∗∗
(0.027)

Kontolemis 0.424∗∗
(0.160)

−0.298∗∗
(0.124)

−0.046
(0.034)

−1.762∗∗∗
(0.522)

−0.039∗∗
(0.018)

Funke 0.323
(0.286)

−0.209∗
(0.124)

−0.059∗
(0.035)

−1.542∗∗∗
(0.539)

−0.068∗
(0.035)

Coenen / Vega 0.550∗∗
(0.216)

−0.247∗∗
(0.118)

−0.068∗∗
(0.034)

−1.695∗∗∗
(0.518)

−0.001
(0.001)

Brand / Cassola 0.470∗
(0.263)

−0.093
(0.115)

−0.124∗∗∗
(0.041)

−2.047∗∗∗
(0.741)

−0.072∗∗
(0.033)

Golinelli / Pastorello 0.531
(0.332)

−0.206∗
(0.119)

−0.068∗∗
(0.034)

−1.789∗∗∗
(0.575)

−0.058∗∗
(0.023)

Müller −0.059
(0.160)

−0.130
(0.119)

−0.070∗
(0.035)

−1.243∗∗
(0.543)

−0.075∗∗
(0.034)

Notes: Column 1 characterizes the money demand study associated with the European

monetary disequilibrium (ecm) included in the exchange rate equations. The representa-

tive U.S. disequilibrium is ecm∗ = m∗ − p∗ − 0.717IP + 5.245oppcost.

Column 2-5 report the estimates for the adjustment coefficients for the different dis-

equilibria. Column 6 shows the parameter estimates for the adjustment coefficient of

the exchange rate equation (8). */**/*** denotes significance at the 10%-/5%/1%-level

(standard errors in parentheses).

In order to assess the potential benefits of the structural exchange rate equations, we
estimated the corresponding standard reduced form exchange rate equation as specified
in (8):

∆st = γrut−1 +
k∑

j=1

θj,r∆st−j + ηt

The reduced form equilibrium deviations ut are estimated with the Johansen procedure
based on vector error-correction models for the reduced system z = (s,m, m∗, y, y∗, i, i∗),
imposing a cointegration rank of r = 1. The employed data set depends on the spe-
cific money demand study and, thus, consists of exactly the same time series used for
defining ecm and ecm∗

. As a result, we obtain pairs of structural and reduced form
equations for the Euro/Dollar exchange rate which are directly comparable.

The right column of Table 2 presents the estimated adjustment coefficient of the
reduced form exchange rate equations (γ̂r). The results are promising. All adjustment
coefficients show the expected negative sign and are (almost) always significant. It
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is therefore not obvious whether estimating a structural exchange rate equation that
explicitly builds on the money demand literature was really worth the effort. In the
following section we therefore investigate the equations’ ability to track the exchange
rate path both in-sample and out-of-sample.

4.3 Out-of-Sample Evaluation: Predictive Regressions

Let us first investigate the out-of-sample performance of the structural and the reduced
form exchange rate equations. Along the lines of Mark (1995) or Rapach and Wohar
(2004), we computed k-step-ahead forecasts for the Euro/Dollar exchange rate by means
of predictive regressions

∆st+k = c + γ̃mecm
t + γ̃m∗ecm∗

t + γ̃pppec
ppp
t + γ̃irdec

ird
t + φt (11)

starting with the first 50 sample observations. Recursive estimation of (11) by suc-
cessively expanding the sample by one observation provided series of 1-/4-/8-/12- and
16-step-ahead forecasts. These forecasts were computed for each structural exchange
rate equation presented in Table 2.
Predictive regressions for the corresponding reduced form equations were computed in
an analogous way:

∆st+k = c + γ̃rut + φr
t (12)

where ut are the reduced form residuals. Table 3 reports ratios of Root Mean Squared
Errors (RMSEs) for the structural and the reduced form equation for the various fore-
cast horizons. Ratios smaller than 1 indicate a better performance of the structural
exchange rate equation.

Table 3: Out-of-Sample Forecast Comparison of
Structural and Reduced Form Exchange Rate Equations

money demand study 1-step 4-step 8-step 12-step 16-step

Brand et al. 0.981 0.794 0.791 0.903 0.700

Bruggeman et al. 1.025 0.794 0.801 0.884 0.565

Holtemöller 0.951 0.775 0.824 0.904 0.698

Kontolemis 1.009 0.836 1.013 0.995 0.748

Funke 1.010 0.774 0.850 0.879 0.670

Coenen / Vega 0.953 0.821 0.836 0.833 0.692

Brand / Cassola 1.049 0.942 0.735 0.729 0.919

Golinelli / Pastorello 1.034 0.952 0.771 0.807 0.751

Müller 1.100 1.204 1.118 1.132 0.948

Notes: Column 1 characterizes the money demand study associated
with the European monetary disequilibrium (ecm) included in the struc-
tural predictive equation (11). The table entries report the ratios of
Root Mean Squared Errors where values smaller than 1 indicate a
better performance of the structural predictive equation.
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According to Table 3, the RMSE-ratios for the one-step-ahead predictions are very
close to 1. However, from forecast horizon h = 4 onwards we can observe a substantial
forecast improvement by the structural equation compared to the reduced form alter-
native. At forecast horizon h = 16, we sometimes obtain RMSE-reductions even above
30%. The only exception is associated with Müller (2003), where the performance of the
structural equation is relatively poor. Recall, however, that the estimated adjustment
coefficients of that structural equation were partly implausibly signed, see Table 2.

The predictive regressions show that the structural specification outperforms the
standard reduced form exchange rate equations in the medium and long-run. Therefore,
incorporating results from the money demand literature seems to increase the predictive
ability of monetary exchange rate equations.

4.4 In-Sample Evaluation: Dynamic Simulations

The focus of the current paper is, however, not exclusively on the out-of-sample fore-
casting performance of the exchange rate equation but also on the investigation of
”the extent to which monetary fundamentals matter at all for nominal exchange rate
dynamics,” see Mark and Sul (2001, p.31).

We therefore use conditional dynamic simulations over the estimation period as an
additional tool to investigate an equation’s ability to track the exchange rate path in-
sample. Conditional dynamic simulations have been widely used in the exchange rate
literature since Meese and Rogoff (1983). These simulations are (1) conditional because
they are based on the realized values of the fundamentals and (2) dynamic since the
lagged values of the exchange rate are determined endogenously. Table 4 reports the
RMSE criterion to summarize the results of the dynamic simulations for each pair of
exchange rate equations.
The dynamic simulations of the exchange rate equations provide strong evidence in
favor of the structural specification. Irrespective of the money demand function being
examined, the structural equation clearly outperforms its reduced form counterpart.
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Table 4: Root Mean Squared Errors of Dynamic Simulations
structural reduced form

money demand study
exchange rate equation exchange rate equation

Brand et al. 0.1517 0.3111

Bruggeman et al. 0.1319 0.3708

Holtemöller 0.1148 0.3294

Kontolemis 0.0655 0.2073

Funke 0.1380 0.3622

Coenen / Vega 0.0847 0.3083

Brand / Cassola 0.1945 0.3111

Golinelli / Pastorello 0.1662 0.2455

Müller 0.1158 0.2108

Notes: Column 1 characterizes the money demand study associated with the

European monetary disequilibrium (ecm) included in the structural exchange

rate equation (9). Column 2-3 show the RMSE-values for the simulations

obtained from the structural equations and the reduced form equations.

5 Concluding Remarks

Stable money demand functions are necessary conditions for the validity of the mone-
tary model of the exchange rate. Yet the empirical exchange rate literature typically
ignores results provided by money demand literature. This paper examined whether
the empirical evidence for the monetary exchange rate model can be improved if both
strands of the literature are brought together. For this purpose, we investigated whether
deviations from U.S. and European long-run money demands provided by the literature
influence the Euro/Dollar exchange rate as theory predicts.

Building on the results of money demand literature circumvents several problems of
the empirical exchange rate literature recently illustrated in a comprehensive country-
by-country investigation by Rapach and Wohar (2004). For example, long-run elastici-
ties home and abroad are not assumed to be identical. This is a popular assumption in
the exchange rate literature which clearly contradicts recent estimates of U.S. and
European money demand functions. Thus, incorporating results from the money
demand literature ensures that the exchange rate model is based on sensible money
demand specifications and plausible estimates of income and interest rate elasticities.
In line with the theoretical predictions of the monetary model, our empirical results
show that the Euro/Dollar exchange rate responds to monetary disequilibria in a plau-
sible manner.
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Dynamic simulations and predictive regressions indicate that structural exchange rate
equations can outperform standard reduced form specifications – which do not incorpo-
rate previous knowledge about money demand functions – in-sample and out-of-sample.
In confirmation of what Smith and Wickens (1986) had suspected early on, this shows
that the performance of empirical exchange rate models can be improved substantially
by taking insights from the money demand literature into account.
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