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Abstract. This study presents a multivariate analysis of the stability of long-
run relationships between variables that in¯uence the conduct and transmis-
sion process of the German monetary policy. The initial VAR comprises the
variables real money M3, real GNP, the in¯ation rate, a long-term and a
weighted short-term interest rate. A multivariate approach has been chosen,
as this allows for more than one cointegration relationship and to test re-
strictions on the cointegration space. In contrast to most other studies on
German monetary policy, three stable and economically plausible cointegra-
tion relationships are obtained simultaneously within the framework of the
Johansen procedure: a money demand relationship, a long-run Fisher e¨ect
and a long-run relationship between the short- and the long-term interest
rate. It is apparent that the structural break of German reuni®cation can be
modelled incorporating dummy variables in the model.
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1. Introduction

The empirical analysis presented in this study is based on the concept of co-
integration. In contrast to most earlier research on German monetary policy,
this analysis is carried out within a multivariate framework, extensively testing
restrictions on cointegration vectors. The Johansen procedure is applied, as
the aim is to simultaneously test for stable long-run relationships that in¯u-
ence the conduct and transmission process of German monetary policy. One
important precondition for the policy of monetary targeting by the Deutsche
Bundesbank (henceforth: Bundesbank) is the stability of German money de-
mand for a period including German reuni®cation. In addition to the money
demand relationship, the long-run spread between short- and long-term in-
terest rates and the long-run Fisher equation are tested. Apart from its mon-
etary target M3, the Bundesbank monitors a number of economic variables in
the ®nancial as well as the real sector.1 The term structure plays an important
role in the context of German monetary policy since it serves the Bundesbank
as an indicator for in¯ationary expectations.

Johansen's multivariate approach of cointegration analysis has been cho-
sen as it allows testing of the cointegration rank. Further, it allows to test
overidentifying restrictions on the cointegration vectors and also facilitates
testing for weak exogeneity of the regressors. The sample of the present study
covers the EMS period. Because weak exogeneity of the variables of the
money demand equation is rejected for the EMS period, modelling German
money demand using dynamic single equation estimation by OLS would re-
sult in ine½cient estimators. Therefore, the long-run relationships are ana-
lysed within a multivariate framework. A further argument for employing a
multivariate approach is that it allows for more than one long-run relationship
between the variables and thereby permits other long-run relationships in
addition to the money demand relation to in¯uence the transmission process
of monetary policy.2 The only study on German monetary policy (to the
knowledge of the author) which is extensively testing within the Johansen
procedure is Juselius (1996). In contrast to her work, this paper considers the
EMS period and includes the weighted own rate of M3 rather than a deposit
rate. A linear time trend is not included here. These di¨erences have impor-
tant implications for the long-run relationships found in the analysis.

The methodological approach of the present study di¨ers from comparable
analyses in the application of univariate as well as multivariate tests of the
order of integration of the variables. The univariate procedures test the null
hypothesis of nonstationarity, whereas stationarity is tested under the null
within the multivariate approach. As the structural break of German reuni®-
cation has to be taken into account, the Perron test (Perron, 1989) is applied
in addition to the ADF test. In the multivariate model a step dummy re-

1 See e.g. Issing (1995) and KoÈnig (1996) for a more detailed discussion of the monetary policy of
the Bundesbank.
2 This is the main reason why a multivariate approach is employed, as the asymptotically e½cient
multivariate maximum likelihood estimator is not to be preferred over single equation estimation
in general. Other single equation estimation methods do not imply ine½ciency, e.g. the fully
modi®ed estimator, which has been shown to be asymptotically equivalent to systems procedures
such as Johansen's maximum likelihood estimation (Phillips and Hansen, 1990).
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stricted to the long-run as well as two unrestricted impulse dummies are
included. As the inclusion of the step dummy changes the asymptotic dis-
tribution of the test statistic, new critical values have been simulated.
Additionally, empirical critical values have been generated using a bootstrap
procedure to account for the small sample analysis. The stable cointegration
vectors that are found in the analysis are consistent with economic theory.

The paper is organised as follows: Section two presents a short overview of
recent empirical studies on money demand, the term structure of interest rates
and the Fisher equation. In the third section, the variables employed in this
analysis are described and a preliminary data analysis is carried out. A vector
autoregressive model is estimated and the Johansen test for the cointegration
rank is applied in section four. Section ®ve presents a short exposition of the
economic theories relevant in the present context. Restrictions are tested on
the cointegration space according to the suggestions of economic theory. In
section six, the resulting cointegration vectors are interpreted and the stability
of these long-run relationships is analysed, while section seven contains con-
cluding remarks.

2. Recent empirical literature

The present analysis, set in a multivariate framework, is based on a system
including the variables money, income, in¯ation rate and a long- as well as a
short-term interest rate. Economic theory suggests three long-run relation-
ships between these variables: a money demand relation, an interest rate
spread and a Fisher relation. Long-run stationarity of these relationships rel-
evant for monetary policy is tested and found for a period including German
reuni®cation. Most of the literature on German monetary policy concentrates
on one of the long-run relationships considered in this study. A number of
recent empirical studies will be discussed in the following.

The focus of many empirical studies on German monetary policy has been
on the money demand function, since a stable money demand is a precon-
dition for a policy of monetary targeting as pursued by the Bundesbank. In
other countries, such as the US and the UK, targeting monetary aggregates
has been abandoned because ®nancial innovations led to instabilities in the
money demand. Financial innovations have not played a very important role
in Germany so far, but the question has been raised whether money demand
is still stable after German reuni®cation. One aim of this study is to ®nd
an answer to this question. There have been a large number of money demand
studies for Germany. During the last years, cointegration methodology has
become a standard tool for the analysis of the demand for money. Several
authors analyse German money demand for M3 before German reuni®cation
using a cointegration approach, for example von Hagen and Neumann (1988),
Gaab and Liedtke (1992), Beyer (1994) and Biefang-Frisancho Mariscal
and Trautwein (1994). A number of studies have been presented analysing
German money demand for M3 for a sample period including German re-
uni®cation. Most of these studies place their emphasis on single equation
modelling, as the Monthly Report of the Bundesbank (Bundesbank, 1995b),
Issing and ToÈdter (1995), Kole and Meade (1995), Tullio, de Souze and
Giucca (1996), Gaab (1996), Gaab and Mullineux (1996), Scharnagl (1996),
KoÈnig (1996), Wolters, TeraÈsvirta and LuÈtkepohl (1996) and Wolters and
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LuÈtkepohl (1997).3 The main focus of the studies cited varies, but all ®nd that
German money demand is stable if they model German reuni®cation by in-
cluding dummy variables.

To test for the cointegration rank, Johansen's maximum likelihood rank
test is applied in some of these studies. In contrast to the present study, the
authors usually derive a cointegration rank of one and proceed to carry out
their analysis within a single equation error correction framework. Very few
studies present a test for weak exogeneity of the variables of the money de-
mand function to justify their single equation approach, e.g. Hansen and Kim
(1995).4

An extensive literature on the US term structure of interest rates provides
empirical evidence for the expectation hypothesis of the term structure (see
e.g. Fama (1984, 1990), Campbell and Shiller (1987, 1991), Mishkin (1992),
among others). A survey on the term structure literature can be found in
Shiller (1990). Cointegration methodology has been used in recent studies
in a univariate as well as multivariate context. Wallace and Warner (1993),
for example, employ the Johansen procedure to test for the term structure of
interest rates and the long-run Fisher e¨ect using US data. The focus of the
term structure literature varies. Some studies rather concentrate on the long-
run relationship between short-term and long-term interest rates. Some other
papers analyse the predictive performance of the spread for the development
of the short-term and/or the long-term rate. Alternatively, the predictive per-
formance of the term structure for the development of the in¯ation rate (e.g.
Tzavalis and Wickens (1996)) or the market expectations with respect to fu-
ture in¯ation (e.g. Schich (1996)) is analysed. This is relevant for the policy of
the Bundesbank as the conduct of monetary policy relies on the development
of indicators of current and expected future macroeconomic conditions. The
Bundesbank monitors the development of the term structure as an indicator
for in¯ationary expectations (see e.g. Schich (1996)).5

There is mixed evidence with respect to German term structure data.
Mankiw (1986) ®nds puzzling results for a number of countries including
Germany. Hardouvelis (1994) analyses the term structure of the Group of
Seven (G7) countries. He concludes that the empirical ®ndings, except for the
US, do not contradict the expectations hypothesis. Hassler and Nautz (1997)
and Wolters (1995) have analysed monthly data and do not ®nd empirical
evidence for the expectation theory of the term structure with respect to short-
term and long-term rates. In contrast, a cointegration relationship between the
bond rate and the three months money market rate has been found by Hansen
(1997) and Juselius (1996) using quarterly data. Wolters (1997) ®nds co-
integration between interest rates of di¨erent maturities analysing monthly
data, but not a �1;ÿ1�-relationship as predicted by the expectation theory.
The interest rate data being used in the mentioned studies vary, but only

3 For a more detailed overview of the literature on German money demand, see for example
Scharnagl (1996).
4 Multivariate analyses of money demand have been carried out for other countries than Ger-
many. Hendry and Doornik (1994) have presented an analysis for the UK, whereas Ho¨man and
Rasche (1996) analyse US data.
5 For a discussion of the information content of the term structure for in¯ation expectations, see
also Gerlach (1995). An analysis of the relationship between the term structure of interest rates
and monetary policy can be found in Kugler (1996).
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Wolters et al. (1996) test the same data as in the present study and ®nd a sta-
tionary spread between the bond rate and the weighted own interest rate of
M3 using the ADF test. The di¨erent results of the above cited studies
indicate sensitivity of the analysis to the periodicity of the data.

The Fisher e¨ect has been analysed and tested by MacDonald and Mur-
phy (1989) for several countries, by Mishkin (1992) using US data and by
Yuhn (1996) for a number of countries including Germany. Mishkin (1992)
®nds mixed results for the US employing the Engle-Granger procedure, as the
existence of the Fisher e¨ect depends on the sample period considered. In
contrast, the above mentioned study by Wallace and Warner (1993) applies
the Johansen procedure and ®nds strong evidence of a long-run Fisher e¨ect
within a two-dimensional system for the US and Japan, and also for Ger-
many. Ho¨man and Rasche (1996) ®nd a money demand relation, an interest
rate spread and a Fisher relation within a system of ®ve variables, applying
the Johansen procedure to US data. An extensive empirical analysis of the US
Fisher relation can also be found in Crowder and Ho¨man (1996), who illus-
trate the advantage of using Johansen's maximum likelihood approach in this
context by a series of Monte Carlo experiments. For Germany, KirchgaÈssner
and Wolters (1990, 1993) do ®nd rather weak empirical evidence for the
Fisher e¨ect in an analysis based on monthly data and set into a single-
equation context. In contrast, Yuhn (1996) has tested for the Fisher relation in
a multivariate framework using the Johansen procedure and found evidence
for the stationarity of the real interest rate. Overall, it seems that empirical
evidence for the Fisher relation is more likely to be found in a systems
approach than in a single-equation framework.

3. Data

This study is based on quarterly data covering the sample period from
1979(1), the year of the foundation of the European Monetary System, to
1994(2), thereby including German reuni®cation. As the study aims to draw
conclusions with respect to monetary policy in Germany, a special focus of
the study is on the question whether a stable money demand relationship still
exists in Germany. A stable money demand is a precondition for the policy of
monetary targeting. Consequently, the variables of the model are mainly
chosen to model German money demand.

Since targets for M3 are announced by the Bundesbank, the monetary
aggregate M3 has been taken as a proxi for money demand.6 Nominal and
real money in logarithms are denoted as m3n and m3r, respectively. Further
variables are included to capture the notion of money demand for transaction
purposes as well as the demand for money as a part of portfolio choice deci-
sions. The real GNP (in prices of 1985) is taken as a transaction or income

6 A number of papers on German money demand have concentrated on a comparison of the
stability of money demand functions for simple-sum M3 and Divisia monetary aggregates (e.g.
Gaab and Mullineux (1996), Gaab (1996) and ToÈdter (1994)) with a special emphasis on the
in¯uence of ®nancial innovations. As these studies conclude that Divisia can cope better with
®nancial innovations, but that in Germany the di¨erence in comparison with simple-sum
aggregates is not su½ciently distinct to justify a change in the intermediate target for monetary
policy, this study concentrates on the simple-sum aggregate M3.
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variable7 and its logarithm is denoted as yr; the logarithm of the de¯ator of
GNP (nominal GNP divided by real GNP), denoted p, represents the devel-
opment of the prices. Both a long-term and a short-term interest rate are em-
ployed in the analysis. The long-term interest rate is the average interest rate
for bonds in circulation (Umlaufsrendite inlaÈndischer Inhaberschuldverschrei-
bungen), representing opportunity costs for holding money. The short-term
interest rate is a constructed interest rate representing the own rate of M3. The
interest rates on the individual components of M3 are weighted according to
their respective contribution to M3. For the period 1979(1)±1990(2) the yield
on time deposits is weighted by 0.25 while the yield on saving deposits is
weighted by 0.41. For the period 1990(3)±1994(2) the weights are 0.30 and
0.33, respectively. The interest rates of currency and sight deposits are zero
and, therefore, are not included in the own rate of M3. The weighted interest
rate is employed rather than the three-months FIBOR which has often been
used in ealier studies on German money demand, but does not really represent
the own rate of M3 and can lead to an implausible sign of the coe½cient. The
interest rates, denoted rl and rw, are the same as employed by ToÈdter (1995)
and Wolters et al. (1996), but enter the model separately to be able to test the
cointegration relationship between the interest rates in the multivariate
framework. The in¯ation rate (Dp) is incorporated in the model. This variable
may represent opportunity costs of holding money with respect to investments
in real capital.8 No currency substitution term is introduced into the model,
as Tullio et al. (1996) and Bundesbank (1995a) ®nd very little evidence for
currency substitution for a sample period including German reuni®cation.
Our own analyses with di¨erent terms to represent the substitution between
domestic and foreign currency con®rm this result.

The data are taken from the data bases of the Bundesbank and the DIW.9
Quarterly seasonally unadjusted data are employed in the analysis. Fig. 1
displays the time series graphically.

To test for the null hypothesis of non-stationarity of the real monetary
aggregate and the GNP, an extension of the Augmented-Dickey-Fuller meth-
odology is applied as suggested by Perron (1989) because these variables ex-
hibit a structural break. An auxiliary regression is carried out where m3r is
regressed on a constant (C), a linear deterministic trend (T), a step dummy
(Dstep is 1 after 1990(2) and 0 otherwise) and seasonal dummies (SD). This
approach corresponds to model (A) in Perron (1989) which allows for an ex-
ogenous change in the level of the series under the null hypothesis. With re-
spect to yr model (C) in Perron (1989) is considered, which allows for a
change in the level of the series as well as in the rate of growth. Consequently,
a similar auxiliary regression as for m3r is carried out, but with an additional
term incorporated, i.e. the stepdummy multiplied by the trend (Dstep x T), to
allow for a break in the trend. The critical values for these tests are taken from
Perron (1989) for l � 0:8 where l is the time of the break in the series relative
to the total sample size. The original Augmented Dickey Fuller Test (ADF) is

7 In Germany, only data on ®nancial wealth are available. Therefore, wealth was not included in
the model.
8 Wolters and LuÈtkepohl (1997, Appendix A) show that the in¯ation rate could possibly in¯uence
the long-run demand for real money even if it is not assumed to in¯uence desired nominal money
demand.
9 For further details on the data, see Appendix.
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applied to test for a unit root in Dm3 r and Dyr as well as in the in¯ation rate,
the interest rates and the respective ®rst di¨erences. Dm3r and Dyr are only
tested for the period 1979(1) until 1989(4) and are assumed to be stationary
after German reuni®cation because critical values to test stationarity of the
respective model for di¨erenced time series with structural break are not
available yet.10 Testing long-run price homogeneity of the demand for money
appears to be problematic. The application of the same procedure as applied
to test for the degree of integration of m3 r derives that nominal money m3n is
I(1) whereas p appears to be I(2). Therefore, long-run price homogeneity of
the money demand has been assumed in this study. One argument for this
strategy is that the demand for money is a demand for real balances (see e.g.
Laidler (1993, pp 160±163)). Other studies, e.g. Gaab (1996), have found a
price elasticity close to one using Johansen's maximum likelihood procedure.
Wolters et al. (1996) also assume price homogeneity of the demand for money.
Therefore, the following analysis has been carried out under the working as-
sumption of long-run price homogeneity of money demand.

Table 1 presents the results of the unit root tests.11 A maximum of ®ve
lags has been chosen. k denotes the longest signi®cant lag according to the t-
statistic. A constant and seasonal dummies have been included in the ADF
test for Dm3r, Dyr, the in¯ation rate and the change in the in¯ation rate,
whereas for the interest rates only a constant has been incorporated. The unit
root tests suggest that all variables are I(1).

10 The multivariate tests presented later clearly reject stationarity of the level variables, and
therefore m3 r and yr can be considered to be at least I(1).
11 PcGive 8.0 and PcFiml 8.0 by Doornik and Hendry (1994a, 1994b) have been used for the
computations presented in this paper.

Fig. 1. Data
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4. The Johansen procedure

The Johansen procedure (Johansen, 1988, 1991 and 1995) is applied to
the data, as it allows the estimation of multiple cointegrating vectors.12
Johansen's maximum likelihood procedure is based on a linear system:

Xt � n�
Xk

i�1
AiXtÿi �FDt � ut; t � 1; . . . ;T ;

where Xt is the vector with the n variables of the system, assuming Xt @ I�d�
with d U 1 and ut @N�0;S�.13 The Ai are coe½cient matrices and Dt is the
vector of deterministic terms which in this analysis includes step and impulse
dummies as well as seasonal dummies. A reparameterization of this VAR(k)
results in an error correction form:

DXt � n�PXtÿ1 �
Xkÿ1
i�1

G iDXtÿi �FDt � ut; t � 1; . . . ;T :

Here, P is an n� n coe½cient matrix which can be factorized according to the

12 Although the Johansen procedure has been found to be sensitive towards misspeci®cation (e.g.
Reimers (1992)), it shows a better performance in many respects than alternative tests (see e.g.
Haug (1996)). For a comparison of the performance of di¨erent cointegration tests, see e.g. Re-
imers (1992), Toda (1994, 1995) and Haug (1996) with respect to the test of the cointegration rank
and e.g. Hargreaves (1994) concentrating on the comparison of the estimators of the cointegration
relationships.
13 The case of I(2) variables is not considered as the variables involved in this study are I(0) or
I(1).

Table 1. Augmented Dickey Fuller test/Perron test

variable auxiliary regression k t-statistic critical value
(5%)

m3 r C;T ;Dstep;SD 0 ÿ2.13 ÿ3.75�1�
yr C, T, Dstep� T , Dstep, SD 4 ÿ1.67 ÿ4.04�2�
Dp 5 ÿ2.41 ÿ2.91
r l 3 ÿ2.38 ÿ2.91
rw 4 ÿ2.68 ÿ2.91
Dm3 r 0 ÿ7.82** ÿ2.93�3�
Dyr 0 ÿ7.31** ÿ2.93�3�
DDp 5 ÿ4.30** ÿ2.91
Dr l 2 ÿ3.53* ÿ2.91
Drw 0 ÿ4.44** ÿ2.91

Note: k is the number of lagged di¨erences included in the ADF test (ac-
cording to the highest signi®cant number of lags of a maximum of 5 lags); **
and * denote signi®cance at a 1% and a 5% level respectively; critical values
are from MacKinnon (1991), except for the values marked by (1) and (2); (1):
critical value of Model(A) in Perron (1989), l � 0:8; (2): critical value of
Model(C) in Perron (1989), l � 0:8; (3): ADF test for the period 1979(1) to
1989(4)
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number r �0U rU n� of linearly independent cointegration vectors:

P � ab 0:

where a �n� r� is the matrix of the adjustment coe½cients and b 0 �r� n� is
the matrix of cointegrating vectors. The matrix P has rank r, rk�P� � r.

The application of the Johansen procedure results in a maximum likeli-
hood estimation of the parameters of the above system. The Johansen proce-
dure is based on the solution of a generalized eigenvalue problem.14 The ei-
genvalues are ordered, starting with the largest eigenvalue. The number of
eigenvalues signi®cantly di¨erent from zero indicates the number of co-
integration relationships r. A likelihood ratio test is carried out by testing
the hypothesis H0 : rk�P� � r against H1 : rk�P� � r� 1 for the maximum
eigenvalue test or H0 : rk�P� � r against H1 : rk�P�V r� 1 for the trace test.
The test statistics are ÿT ln�1ÿ l̂r�1�� and ÿT

Pn
i�r�1 ln�1ÿ l̂i��, respec-

tively. The li represent the ordered eigenvalues of the system. A testing se-
quence is carried out for r � 1; 2; . . . and continues until the null hypothesis is
not rejected any more.

4.1. The initial VAR

An unrestricted vector autoregressive model (VAR), including the variables
m3r; yr; rl , rw and Dp, a constant and seasonal dummies, has been estimated,
®rst. An impulse dummy (D903i), which is one in 1990(3) and null otherwise,
has been introduced into the model unrestrictedly. Further, a step dummy
(Dstep), which is null until 1990(2) and one thereafter, has been restricted to
enter the long-run relationship. An additional impulse dummy, D933i, has
been included for 1993(3) to account for the e¨ects of the turbulences within
the European Monetary System in the summer of 1993 which led to the wid-
ening of the currency bands from G2:25% to G15:0% on August 2nd. A
VAR order has been chosen on the basis of the Schwarz and the Hannan-
Quinn criterion. These order selection criteria are consistent even for a non-
stationary system.15 The Schwarz criterion indicates a VAR order of k � 1,
whereas the Hannan-Quinn criterion selects a VAR order of k � 2. As an F-
test of model reduction rejects the reduction to a VAR(1) at a 1% signi®cance
level and misspeci®cation tests show high autocorrelation for the VAR(1), a
VAR order of k � 2 is chosen.

Single equation misspeci®cation tests for the VAR(2) reveal no mis-
speci®cation except some autocorrelation in the income equation and rejection
of normality with respect to the short-term interest rate equation at a 5%
signi®cance level (see Table 2). The vector tests for misspeci®cation do not
exhibit any autocorrelation, but normality is rejected at a 5% signi®cance
level. Since the Johansen procedure does not strictly depend on the normality
assumption (LuÈtkepohl, 1991), the VAR(2) is taken as the basis for further

14 More technical details of this approach, originally presented by Johansen (1988), can be found
in LuÈtkepohl (1991), Banerjee, Dolado, Galbraith and Hendry (1993) and Hamilton (1994),
among others. Johansen (1995) presents the generalized version allowing for dummy variables
considered here.
15 For details about the properties of these order selection criteria, see e.g. LuÈtkepohl (1991).
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analysis. The misspeci®cation tests presented include single equation mis-
speci®cation tests (LM test for autocorrelated residuals (Harvey, 1990), test
for normality (Doornik and Hendry, 1994a), LM test for autocorrelated
squared residuals (Engle, 1982) and vector tests as described in Doornik and
Hendry (1994a) (vector error autocorrelation test, vector normality test).16
For the investigation of the parameter constancy, the 1-step residuals and the
break-point Chow test (Chow, 1960) based on recursive estimation have been
computed. The 1-step residuals (Fig. 2) only indicate a slight problem in the
end of 1993. This is probably due to the special factors, e.g. changes in tax
regulations, that have led to an increase of money demand in winter 1993 (see
Deutsche Bundesbank (1994)). Introducing an additional impulse dummy for
1993(4) improves the 1-step residuals. However, as it does not improve the ®t
of the VAR substantially, it has not been included in the model presented. The
Chow F-tests are scaled by their 5% signi®cance levels and none of their val-
ues exceed unity (Fig. 3). Thus, the VAR is considered to be stable.

4.2. The Johansen Test for the Cointegration Rank

The results of the Johansen test based on the VAR(2) are given in Table 4. As
available asymptotic critical values are not appropriate because a step dummy

16 Tests for normality are chi-square tests, the other tests are in F form.

Table 2. Single equation misspeci®cation tests
(VAR(2))

Test AR 1±4 Normality ARCH 4

m3 r 0.941
[0.450]

1.900
[0.387]

2.037
[0.109]

yr 3.698*
[0.012]

1.907
[0.386]

0.883
[0.483]

r l 0.980
[0.429]

2.932
[0.231]

0.416
[0.796]

rw 0.903
[0.471]

6.318*
[0.043]

0.205
[0.934]

Dp 2.377
[0.068]

5.381
[0.068]

0.733
[0.576]

Note: p-values in parentheses; * denotes sig-
ni®cance at a 5% level

Table 3. Vector tests (VAR(2))

Test test statistic p-value

AR 1±4 1.091 [0.329]
Normality 20.574* [0.024]

Note: p-values in parentheses; * denotes
signi®cance at a 5% level
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Fig. 2. 1-step residuals (recursive estimation statistics)

Fig. 3. Break-point Chow test
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is included in the model, the program DisCo by Nielsen (1994) has been used
to simulate the 95% quantiles of the asymptotic distribution of the test statistic
where a constant enters the model unrestrictedly and the step dummy for re-
uni®cation is restricted to the long-run.17

The trace test supports a cointegration rank of three. To account for the
fact that the sample underlying this analysis is quite small, the empirical crit-
ical values have been derived from a bootstrap procedure allowing for a re-
stricted step dummy, unrestricted impulse dummies and a constant.18 Based
on these critical values, the trace test still indicates a cointegration rank of
three. Therefore, a cointegration rank of r � 3 is assumed in the following.

5. Testing restrictions on the cointegration space

The Johansen procedure facilitates tests of restrictions on the adjustment co-
e½cients a and the cointegration vectors b. In these tests the likelihood func-
tion is maximized allowing for restrictions on a and/or b.19 Consistent with
the result of the test for the cointegration rank, the likelihood ratio tests for
testing restrictions are carried out under the assumption of three cointegration
vectors.

5.1 Weak exogeneity and stationarity of the variables

In a ®rst step, weak exogeneity of the variables in the money equation is
tested. Weak exogeneity of these variables would be a precondition to get
e½cient estimators from single equation estimation of the German money
demand by OLS. Testing restrictions on the a-coe½cients results in the rejec-
tion of weak exogeneity for real GNP at a 5% signi®cance level and for the
in¯ation rate at a 1% signi®cance level. As weak exogeneity is rejected, the
cointegration parameters are inherently cross-linked between the equations,

Table 4. Johansen test for the cointegration rank

H0 : rank � r trace
statistic

95%
(asymptotic)

95%
(bootstrap)

r � 0 126.5* 79.7 94.5
r � 1 67.99* 56.1 65.1
r � 2 41.34* 36.2 38.4
r � 3 16.24 19.8 23.4
r � 4 3.186 5.9 3.2

Note: * denotes signi®cance at a 5% level; critical values are
the 95% quantiles of the asymptotic distribution, simulated
with the program DisCo (Nielsen, 1994), and the 95%
quantiles derived within a bootstrap procedure

17 Simulations have been based on 10000 replications and 400 observations.
18 The bootstrap procedure has been based on 10000 replications.
19 For an exposition of this procedure and applications to monetary data, see Johansen and
Juselius (1990, 1994) and Johansen (1995).
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i.e. a single equation estimation will lead to a loss of information (Banerjee et
al., 1993). To get a fully e½cient estimator, a multivariate approach to esti-
mation is employed in the following. A multivariate procedure is preferred
over a single-equation approach to account for all three cointegrating rela-
tionships because the aim of the study is not only the analysis of the German
money demand, but of the conditions for German monetary policy in general
characterized by the long-run relationships between important macro-
economic variables.

A number of restrictions have been tested on single cointegrating vectors in
a multivariate framework. The results are presented in Table 5. First, statio-
narity of each variable in the system has been tested. Stationarity of money,
income and in¯ation is postulated in the respective hypotheses H1. Statio-
narity of each interest rate is tested in the hypotheses H1 and H2 for the
interest rates. Stationarity is rejected for all variables in the system. These
results are consistent with the results of the univariate tests of the order of
integration. Note, that, in contrast to the Augmented Dickey Fuller test, the
null hypothesis is stationarity here. As stationarity is rejected, this is an even
stronger indication that the variables are actually non-stationary. To test
stationarity of yr and m3r the step dummy for reuni®cation has been included.

5.2 Tests of long-run relationships suggested by economic theory

In the following, restrictions on the cointegration vectors are tested, as b is not
identi®ed within the Johansen procedure. The restrictions tested on single co-

Table 5. LR Tests for cointegration relationships �r � 3�

m3 r y r r l rw Dp Dstep p-value

money
H1 : b 0 � ( 1 0 0 0 0 ÿ0.359 ) 0.0009**
H2 : b 0 � ( 1 ÿ1 0 0 0 ÿ0.052 ) 0.064

income
H1 : b 0 � ( 0 1 0 0 0 ÿ0.299 ) 0.0001**

interest rates
H1 : b 0 � ( 0 0 1 0 0 0 ) 0.010**
H2 : b 0 � ( 0 0 0 1 0 0 ) 0.006**
H3 : b 0 � ( 0 0 1 ÿ1 0 0 ) 0.090
H4 : b 0 � ( 0 0 1 ÿ1.502 0 0 ) 0.818

in¯ation
H1 : b 0 � ( 0 0 0 0 1 0 ) 0.016*
H2 : b 0 � ( 0 0 1 0 ÿ13.30 0.052 ) 0.741
H3 : b 0 � ( 0 0 0 1 ÿ8.665 0.003 ) 0.767
H4 : b 0 � ( 0 0 1 0 ÿ4 0.013 ) 0.017*
H5 : b 0 � ( 0 0 0 1 ÿ4 0.013 ) 0.096
H6 : b 0 � ( 0 0 0 1 ÿ4 0 ) 0.009**

Note: ** and * denote signi®cance at a 1% and 5% level respectively; the p-values correspond to
the LR test of the respective restriction; the values not equal to 1, 0 or ÿ4 are freely estimated
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integrating vectors are motivated by economic theory of the long-run rela-
tionships between the variables considered in this analysis. Therefore, a short
exposition is given for each of the relevant theories.

Economic theory of money demand suggests two main motives for holding
money: Money is held for transaction purposes and as part of a portfolio.20
According to the transaction motive, money is held as a medium of exchange
and as an inventory to balance the time gap between income and expenditures
(Baumol (1952), Tobin (1956)). In a broader sense, the demand for money can
be considered as a part of a portfolio decision (Tobin (1958), Friedman
(1956)), where assets are allocated within a portfolio with the aim of pro®t
maximization. In this case, holding money is considered as one alternative to
allocate assets. On the basis of the theories mentioned, money demand can be
considered to be mainly a function of income and of opportunity costs of
holding money as well as an own interest rate of money:

M r � f �yr; rl ; rw;Dp�:

These variables enter the system considered in this study. The income variable
can be taken as a proxi for the in¯uence of the volume of transactions on the
demand for money. The spread between the long-term and the short-term
interest rate represents the opportunity costs of holding money in comparison
to holding other ®nancial assets, and the in¯ation rate can be interpreted as
opportunity costs of holding money compared to investments into real capital.
Since testing restrictions on a single cointegration vector requires more than
rÿ 1 restrictions for the vector to be overidenti®ed, the money demand rela-
tion will be tested simultaneously with the other relationships, later.

In the context of testing single cointegration vectors, the velocity of money,
which has a considerable impact on the transmission process of monetary
policy, can be tested. Stationarity of the inverse velocity �m3 r ÿ yr� including
the step dummy for reuni®cation �H2� is tested and not rejected, but the p-
value of the likelihood ratio (LR) statistic is quite close to the 5% signi®cance
level. Therefore, this result is considered with some doubt, especially as ve-
locity in Germany is assumed to have a negative trend (see e.g. Issing and
ToÈdter (1995)). The hypothesis of income homogeneity of money demand will
be looked at again when simultaneous tests of three cointegration vectors are
carried out.

The expectations theory of the term structure suggests a long-run one to
one relationship between long-term and short-term interest rates. The expec-
tations theory of the term structure can be formulated as

R
�k�
t �

1

k

Xkÿ1
i�0

EtR
�1�
t�i � fk:

Here, R
�k�
t is the yield on a discount bond with k periods to maturity. The

model states that the yield on a k-period bond is given by the average of ex-

20 The ®rst indepth analysis of the motives that lead people to hold money can be found in the
work of Keynes, especially in Keynes (1936). For an overview of the various lines of research in
the theory of the demand for money, see e.g. Laidler (1993).
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pected future one-period short rates up to k ÿ 1 periods in the future. The
symbol fk re¯ects a term premium, i.e. the predictable excess return on the k-
period bond over the one-period bond which is assumed to be constant
through time and depends on time to maturity k. The expectations theory of
the term structure presented here is based on the hypothesis of rational ex-
pectations, as in Campbell and Shiller (1991).21 Wolters (1997) shows that
according to the expectation hypothesis of the term structure every possible
spread between two interest rates with di¨erent maturities is stationary. He
also shows that the cointegration relation then must be �1;ÿ1�. Table 5
shows, that a long-run �1;ÿ1� relationship between the two interest rates (H3)
is not rejected by Johansen's likelihood ratio test. This result is consistent with
the stationarity of the spread assumed by the expectations theory of the term
structure. Therefore, the necessary condition for the expectation theory of the
term structure to hold is ful®lled. As the p-value is slightly below the 10%
signi®cance level the LR test is repeated leaving the coe½cient of the second
interest rate unrestricted. The p-value turns out to be considerably higher than
before.

The Fisher equation states that the nominal interest rate rt is given by

rt � rr; t � pt ÿ et;

where rr; t denotes the ex ante real interest rate, p is the in¯ation rate and the
forecast error et � pt ÿ Etÿ1pt (i.e. the current in¯ation rate minus the expec-
tation of the current in¯ation rate) under rational expectations is white noise
and therefore must be stationary. If rt ÿ pt is found to be stationary, that also
means that the ex ante real interest rate rr; t is stationary, as the above equa-
tion can be reformulated to rr; t � rt ÿ pt � et (see e.g. Mishkin (1992)). Mish-
kin (1992) also pointed out that evidence supports the existence of a long-run
rather than a short-run Fisher e¨ect as has already been suggested by Fisher
(1930). Further, arguments have been brought forward in the literature for a
Fisher relation between the short-term yield and the in¯ation rate as well as
the long-term interest rate and the in¯ation rate.22 In the LR tests presented in
Table 5 (H2 to H6) the Fisher equation has been tested for rl and rw. Statio-
narity of a vector including the in¯ation rate and the long-term (H2) or the
short-term interest rate (H3) is not rejected if the step dummy is included. For
both interest rates, the full Fisher e¨ect has been tested (H4 and H5). The co-
e½cient of the in¯ation rate has been transformed to account for using a
quarterly in¯ation rate and interest rates measured in percent per year in the
analysis. Therefore, the Fisher equation of the form

rr; t � rt ÿ pt � et;

where pt � 4� Dpt represents the full Fisher e¨ect is tested. The coe½cient of

21 The expectation hypothesis of the term structure has ®rst been discussed in the work of Fisher,
e.g. in Fisher (1930). For an exposition and applications of the model, see Shiller (1990), Campbell
and Shiller (1991) and Pfann, Schotman and Tschernig (1995), among others.
22 For theoretical arguments to consider long-term as well as short-term interest rates in the
Fisher equation, see e.g. Wallace and Warner (1993). Yuhn (1996) also carries out tests using
short- and long-term interest rates.
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ÿ4 for the quarterly in¯ation rate implies a �1;ÿ1� cointegration vector be-
tween yearly nominal interest rates and the yearly in¯ation rate. The full
Fisher e¨ect is rejected if the long-term interest rate is included (H4).23 For the
short-term interest rate (H5) the full Fisher e¨ect is not rejected at a 5% sig-
ni®cance level. If the step dummy is excluded (H6), the full Fisher e¨ect is re-
jected which indicates that the structural break of reuni®cation in¯uences the
Fisher relation. This, however, can be modelled by a dummy variable.

Based on the results of the LR tests of restrictions on single cointegrating
vectors, simultaneous tests of economically reasonable long-run relationships
have been carried out. The most interesting results are presented in Table 6.
The hypotheses tested all include a long-run relationship for money demand, a
cointegration vector for the two interest rates and a third cointegrating vector
including the in¯ation rate and the short-term interest rate.

In the ®rst hypothesis the money demand vector is normalized on the
monetary aggregate and is not restricted otherwise. The coe½cient of the
short-term interest rate in the second cointegrating vector is not restricted
to ÿ1, as suggested by the expectations theory. The third vector of the ®rst
hypothesis representing the Fisher e¨ect is normalized on the short-term
interest rate, but the coe½cient for the in¯ation rate is left unrestricted. These
three vectors (H �

1 ) are simultaneously tested and are not rejected. In the next
hypothesis (H �

2 ) the full Fisher e¨ect is imposed and is not rejected. If the co-
integration vector between the interest rates is restricted to �1;ÿ1� and
equality of the interest rate coe½cients in the money demand relation is im-
posed in hypothesis H �

3 , the LR test does not reject these restrictions, even on
a 10% signi®cance level. If income homogeneity is additionally imposed, the
LR test rejects (see H �

4 ). This result is more plausible than the result for the

23 For extended sample periods, the full Fisher e¨ect is neither rejected for the long-term nor for
the short-term interest rate.

Table 6. LR Tests of restrictions on b 0 �r � 3�

m3 r y r r l rw Dp Dstep p-value

H �
1 : b 01 � ( 1 ÿ1.187 2.107 ÿ2.992 9.706 ÿ0.035 )

b 02 � ( 0 0 1 ÿ1.504 0 0 ) 0.925
b 03 � ( 0 0 0 1 ÿ8.523 0.031 )

H �
2 : b 01 � ( 1 ÿ1.189 1.451 ÿ3.865 16.41 ÿ0.055 )

b 02 � ( 0 0 1 ÿ1.421 0 0 ) 0.291
b 03 � ( 0 0 0 1 ÿ4 0.013 )

H �
3 : b 01 � ( 1 ÿ1.188 3.777 ÿ3.777 7.053 ÿ0.025 )

b 02 � ( 0 0 1 ÿ1 0 0 ) 0.146
b 03 � ( 0 0 0 1 ÿ4 0.013 )

H �
4 : b 01 � ( 1 ÿ1 3.327 ÿ3.327 10.43 ÿ0.098 )

b 02 � ( 0 0 1 ÿ1 0 0 ) 0.034*
b 03 � ( 0 0 0 1 ÿ4 0.014 )

Note: * denotes signi®cance at a 5% level; the p-values correspond to the LR test of the respective
restriction; the values not equal to 1, 0 or ÿ4 are freely estimated
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test of the single cointegration vector in H2 (Table 5), which is in contrast to
the assumption underlying the target formulation of the Bundesbank (allow-
ing for a negative trend in velocity) and shows a p-value near the 5% level.
Therefore, the following analysis is based on the three cointegration relation-
ships tested in hypothesis H �

3 .24
As the results from the Johansen procedure have sometimes been found to

depend on the sample and the lag order of the VAR underlying the analysis,
the robustness of the result has been examined. Estimates and tests within
Johansen's maximum likelihood procedure have been carried out for smaller
samples. The results for the cointegration rank as well as the three speci®c
cointegration vectors found for the sample period 1979(1) to 1994(2) appear
to be considerably robust. Also, a similar result for the money demand
equation has been found by Wolters et al. (1996) for a longer sample period
starting in 1976(1) using a dynamic single equation procedure. Further, residual-
based ADF tests have been carried out to check stationarity of the cointe-
gration vectors. Nonstationarity is rejected for all three cointegration relation-
ships and, therefore, the multivariate result is con®rmed. The outcome of the
Johansen procedure has not been compared with results based on other lag
orders as the misspeci®ed VAR(1) cannot be an appropriate basis for further
tests. On the other hand, higher order VAR models include too many
parameters relative to the number of observations.

6. Cointegration vectors and their stability

The ®rst cointegrating vector can be interpreted as a long-run money demand
relationship:

m3r � 1:188yr ÿ 3:777�rl ÿ rw� ÿ 7:053Dp� 0:025Dstep:

All coe½cients in this cointegration vector show the theoretically expected
signs. The income elasticity is 1.188 and is therefore greater than unity. This
result justi®es the derivation of the yearly target for M3 announced by the
Bundesbank which is based on the assumption that velocity is falling in Ger-
many. An income elasticity greater than one can be due to wealth e¨ects
(monetary wealth does grow faster than the GNP) or can be caused by an
increase of the unobservable transaction volume which is stronger than the
increase in GNP (see e.g. Issing and ToÈdter (1995)). The elasticity for the
in¯ation rate is found to be ÿ0:071, assuming a quarterly in¯ation rate of 1%.
This result is similar to the estimates that Wolters et al. (1996) obtained from
a single equation approach.25

24 It is not clear whether H �
1 , H �

2 and H �
3 are fully identi®ed. However, if additional restrictions

are imposed by excluding one of the interest rates and the in¯ation rate from the ®rst cointegration
vector to ensure identi®cation (see Ho¨man and Rasche (1996, p. 218)), tests resulted in the same
value of the likelihood, as expected. Therefore, the vectors presented in H �

1 to H �
3 are compatible

with an identi®ed set of cointegration vectors. H �
3 is taken as the basis of economic interpretation

in section six since it allows a more plausible interpretation of the money demand equation.
25 The elasticity derived within the Johansen procedure is smaller than the elasticity of the in¯a-
tion rate in the single equation estimate of Wolters et al. (1996), but the semielasticity of the in-
terest rate spread representing opportunity costs of holding money is nearly the same as that ob-
tained from the single equation approach by these authors, using the same variables.
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The second cointegrating vector is the spread between the long-term and
the short-term interest rate:

rl ÿ rw:

This result implies that expectations of future short-term rates essentially de-
termine the current long-term interest rates. This is in contrast to the ®ndings
of other authors (see section two) for data with di¨erent periodicity. The
inclusion of a 3-months German money market rate as the short-term interest
rate instead of the constructed own rate of M3 employed in the present study
as well as the di¨erent sample periods and periodicity of the data might
explain the di¨erences in results. An ADF test based on the sample period
considered in the present study also rejects non-stationarity of the spread.

The third cointegrating vector can be interpreted to represent the Fisher
relation:

rw ÿ p� 0:013Dstep;

where p is the yearly in¯ation rate. Therefore, p � 4� Dp with Dp represent-
ing the quarterly in¯ation rate. rw represents the yearly weighted interest on
assets included in M3. The full long-run Fisher e¨ect, where the coe½cient of
the yearly in¯ation rate is unity, states that under rational expectations the
in¯ation rate is the dominant force to determine the nominal interest rate.
Notably, Yuhn (1996) found a long-run relationship between the in¯ation rate
and a short-term as well as a long-term interest rate, analysing German data.
However, in the present study stationarity of the real long-term rate is re-
jected. This might be due to a risk and liquidity premium for long-term assets.
The coe½cient estimated in H3, Table 5 might indicate an overproportional
reaction of the long-term interest rate to an increase in in¯ationary expec-
tations. This is in line with the theory of liquidity preference according to
Hicks (1939) which states that the risk premium increases the higher the
maturity of a ®nancial asset. Also, the long-run interest rate is largely deter-
mined by international capital markets (see e.g. Hansen (1997)).

The relationship between the in¯ation rate and the interest rate considered
in the present analysis is Fisher's original weak form which implies that mar-
kets do not su¨er from money illusion but from ®scal illusion.26 Due to the
complexity of the German tax system and as the in¯uence of the tax system is
not of main interest in the context of this analysis, tax on interest income is
neglected here.

To check whether the long-run relationships found by the Johansen pro-
cedure are stable, the plots of the cointegrating vectors are presented in Fig.
4. Coint1 represents the long-run money demand relationship, Coint2 is the
interest rate spread and Coint3 depicts the long-run Fisher e¨ect. Apart from
a seasonal pattern, the ®rst and the third cointegration vector appear to be
stationary from visual inspection. From the plot, the yield spread could also

26 Some studies mainly concerned with the Fisher e¨ect have also accounted for the e¨ects of
taxes on ®nancial returns. The tax-adjusted Fisher equation (assuming a full Fisher e¨ect) can be

represented as rt � 1

1ÿ t
rr; t � 1

1ÿ t
pt ÿ 1

1ÿ t
et, where the coe½cients exceed unity since

0 < t < 1 (t: tax rate). For details, see e.g. MacDonald and Murphy (1989).
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be considered as a non-stationary series, but the test results indicate quite
clearly that the spread is stationary for the period considered.

In section 3.1 the initial VAR(2), on which the analysis is based, has been
found to be stable over time. Also, the recursive eigenvalues of the VAR have
been calculated. They are depicted in Fig. 5. All recursive eigenvalues are
reasonably stable over time. The graphs of the ®rst and the second recursive
eigenvalues show that there are at least two cointegration vectors. The last
eigenvalue is nearly zero and the fourth eigenvalue is quite small as well. The
third recursive eigenvalue is double the size of the fourth recursive eigenvalue.
It can also be seen from the graph, that the second and the third eigenvector
are very close to each other. As the trace test clearly indicated three co-
integration vectors, the existence of a third long-run relationship is supported.
Thus, three stable long-run relationships between the variables considered are
con®rmed, i.e. a money demand relationship, the interest rate di¨erential and
a relationship re¯ecting the long-run Fisher e¨ect.

7. Concluding remarks

In this paper, three long-run relationships in¯uencing German monetary pol-
icy are identi®ed within the framework of the Johansen procedure. Johansen's
rank test indicates a cointegration rank of r � 3. Weak exogeneity of the

Fig. 4. Cointegrating relationships: Money demand, interest rate spread and Fisher e¨ect
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variables of the money demand equation is rejected by the data. Restrictions
have been tested on the estimated cointegration relations using likelihood
ratio tests. These tests indicate that there are three stable cointegration relation-
ships between the variables of the money demand system: a money demand
relationship, the yield spread and a Fisher equation. These relationships
are found stable over the period of the EMS where the structural break of
German reuni®cation can be modelled by dummy variables and a change in
the weights of the own interest rate.

The result of this analysis is remarkable as these three long-run relation-
ships suggested by economic theory can be identi®ed simultaneously within
the system considered. The stable long-run relationships obtained in this study
are of great interest in the context of German monetary policy, because the
stability of the long-run money demand relationship as well as the long-run
Fisher e¨ect and the long-run relationship between short- and long-term
interest rates have implications for the conduct and transmission process of
monetary policy. In addition to its monetary target M3, the Bundesbank also
monitors other indicators, e.g. the term structure of interest rates, to obtain
information on potential in¯ationary risks. Therefore, one interesting result of
this study is the ®nding of the interest rate spread to be stationary. Further,
the ®nding that money demand in Germany is still stable after reuni®cation (if
the structural break is modelled) is an important argument for the policy of
monetary targeting to be an appropriate strategy for the Bundesbank.

Appendix: Data

The nominal M3 time series and the interest rate data are obtained from the
Monthly Reports of the Deutsche Bundesbank. The long-term interest rate

Fig. 5. Recursive eigenvalues
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is an average yield on bonds in circulation (durchschnittliche Umlaufsrendite
inlaÈndischer Inhaberschuldverschreibungen) which is constructed as a weighted
average of bonds in circulation. The own rate of M3 is constructed as a
weighted average of the interest rate on savings deposits (Spareinlagen mit
gesetzlicher KuÈndigungsfrist) and the interest rate on time deposits, repre-
sented by time deposits of 1 to 3 months to maturity (including deposits
between 1 and 5 million DM). The GNP data are of the German Institute for
Economic Research (Deutsches Institut fuÈr Wirtschaftsforschung, Berlin). The
GNP data for the new and old federal German states (BundeslaÈnder) together
for the period since reuni®cation had to be constructed as quarterly data on
GNP for the reunited Germany have only recently become available. These
data have been constructed using semi-annual data including the new federal
states made available by the SachverstaÈndigenrat (council of experts) (1994).
The quarterly observations have been constructed for the period 1990(3) to
1994(2) on the basis of the quarterly data available for the old federal states.
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