Currency Substitution and Money Demand
in the United States, West Germany and Japan

By Robert A. Baade and Nader Nazmi*, Lake Forest/Ill.

In a 1973 article, Stephen Goldfeld concluded that a standard Keynesian
money demand function specified as linear in the logs of the variables was a
powerful predictive tool (Goldfeld 1973). Less than a year later, the Goldfeld
equation began to seriously overpredict money demand.

This shortfall of money demand from its expected levels has inspired
explanations that run the gamut of economic science. Among the explana-
tions offered for the overprediction is currency substitution. Some scholars
have suggested that the currency composition of financial portfolios varies
with alterations in currency prices. The purpose of this paper is to examine
this thesis using more direct techniques than have been employed in the
past.

In explaining the failure of the Goldfeld model, some scholars have indi-
cated that the Goldfeld experience is but another manifestation of limita-
tions inherent in traditional econometric analysis (Hafer and Hein 1982;
Rose 1984; Laidler 1985). Other analysts have argued that the “missing
money” reflected an error in the specification of the Goldfeld model (Ham-
berger 1977). Then, too, there is a legion of researchers who believe that the
missing money can be found by including independent variables that some-
how capture the financial innovation spawned by structural changes in the
global economy that occurred after 1973. This group basically subscribes to
the idea that econometric technique has been underemployed in locating the
lost money.

A subset of this group of economists hypothesizes that developments in
the internatonal monetary system in the past decade and one-half have been
responsible for changes in the currency composition of cash balances (Miles
1978; Brittain 1981; McKinnon 1982; 1984; Baade 1985; Akhtar and Put-
nam 1979; Hetzel and Mehra 1986). Other scholars have concluded that cur-
rency substitution is not important in accounting for the missing money
(Batten and Hafer 1984).

* Vail Professor of Economics and Assistant Professor of Economics, respectively,
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This paper draws its inspiration from the debate on currency substitution
and has a two-fold purpose. First, evidence will be analyzed for the United
States, West Germany, and Japan on whether currency substitution has
occurred since the standard money demand equation began to yield unsatis-
factory results, a time that roughly coincides with a global commitment to a
system of flexible exchange rates. Second, evidence will be examined on the
extent to which currency substitution explains errors in money demand pre-
dictions for the United States, West Germany, and Japan.

The paper is organized as follows. Section one provides a more detailed
review on the theory and evidence relating to the currency substitution
thesis, and explains the particular contribution of this study. Sections two
and three present the analysis corresponding to the twin objectives of the
study. A summary and concluding remarks are provided in part four.

I. Theory and Evidence Relating to the Currency Substitution Hypothesis

Money demand in the U.S. was stable in the 1950s and 1960s, and the U.S.
was the reserve currency country in a fixed exchange rate regime. Dollar
demand ceased to be stable in 1973 and 1974, a time that coincides with a
global adoption of a system of flexible exchange rates. Was this coincidence?
Perhaps, but there is a theoretical basis for arguing that this development
could have been anticipated. The only question seems to be one of degree.
Are money holdings sufficiently transnational in character to help explain
the shortfall in dollar demand? Casual empiricism supports a dollar sub-
stitution thesis for the mid 1970s. As economic events promised a reduction
in the dollar’'s foreign currency values, actual dollar demand would be
expected to fall. Thus it would follow that models for dollar demand that
ignored the flexible exchange rate influence would overpredict dollar
demand. The argument should be symmetric. Models that ignore the influ-
ence that alterations in foreign currency prices of dollars have on dollar
demand, should underpredict dollar demand when the foreign currency
price of dollars is expected to increase. Of course, it could be argued that the
adoption of a system of flexible exchange rates induces a once and for all
downward shift in money demand schedules reflecting the risk of greater
exchange rate variability.

Literature on the currency substitution question does not have a long his-
tory. Chow-Nan Chen (1973) may have been the first to argue that currency
substitution undermines the much-heralded insulating power of a flexible
exchange rate regime. However, Chen’s conclusions qualify as conjecture
since most of our experience with flexible exchange rates followed his work.
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Marc Miles (1978) performed some early empirical tests on currency sub-
stitution between the U.S. and Canada. He concluded that currency sub-
stitution by the private sector has characterized the flexible exchange rate
regime, and in effect replaced the “substitution service” provided by the
public sector during the Bretton Woods era. While Miles’ methodological
approach based on a CES production function for money services was
impressive, his findings were limited by both the number of countries
studied and the number of observations.

M. A. Akhtar and Bluford H. Putnam (1979) analyzed the relationship be-
tween exchange risk and the demand for money in Germany between 1972 -
76. Although their findings did not prove currency substitution, they con-
cluded that the German demand for money schedule shifted downward with
the advent of a system of flexible exchange rates. Like the Miles research,
the Akhtar and Putnam study was limited by the data available relating to a
flexible exchange rate system.

One of the more complete and direct tests of the currency substitution
phenomenon was undertaken by Dallas S. Batten and R. W. Hafer (1984).
They included a variable that captured the expected return from holding
foreign money balances (the threemonth forward premium/discount) in
Goldfeld-type money demand equations for Canada, France, Germany, the
Netherlands, and the United Kingdom for the 1966 - 1983 period. They
found that only for Canada and Germany during the flexible exchange rate
years did the expected return from holding money balances exercise a sig-
nificant impact on money demand. Interestingly these findings on Canada
and West Germany conform to the earlier work supporting the currency
substitution thesis.

Other research has explored the currency substitution question through
less direct techniques than that employed by Batten and Hafer. Ronald I.
McKinnon (1982, 1984) has advanced the currency substitution hypothesis
through the development of a model which leads him to conclude that the
global money supply is more closely correlated with U.S. prices than is the
U.S. money supply. Henry Goldstein and Stephen Hayes (1984) and Chris-
topher Radcliffe, Arthur D. Warga, and Thomas O. Willet (1984) reject
McKinnon’s world money supply hypothesis, and, in the process, take issue
with his position on currency substitution.

Robert L. Hetzel and Yash Mehra (1986) studied the relationship between
U.S. inflation and the real exchange rate, and offered some insight based on
a quantity theory perspective. They concluded that the relationship they
observed between inflation and the real exchange rate very likely reflected
one of three phenomena. First, the real exchange rate affects the rate of
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inflation through a wealth effect that operates through the demand for
money. Second, real exchange rate changes influence the currency composi-
tion of cash holdings, and, in turn, alter the rate of inflation through an al-
teration in interest rates. Third, changes in the real exchange rate directly
influence the money supply and prices. Hetzel and Mehra tentatively
endorse the second explanation, and the tenuousness of their currency sub-
stitution conclusion reflects the indirect test of the thesis.

In summary, there is a paucity of evidence that directly addresses the cur-
rency substitution question. The issue is of vital interest since shifts in
money demand schedules can influence interest rates, employment, and
prices. Furthermore, evidence offered on the currency substitution question
to date has been ambiguous. The empirical work summarized in the next
two sections of the paper attempts to provide more conclusive evidence on
the issue. Before the direct tests on the currency substitution thesis were
conducted, it seemed logical to define money demand functions for the three
countries we believed would be most significantly involved in any currency
substitution. The estimated money demand equations for Japan, Germany,
and the United States are reported in the next portion of the paper based on
the premise that currency substitution can be captured and tested by
analysing the residuals of the money demand equations for the three above
mentioned countries. Tests on the currency substitution thesis are reported
in Section III. Section IV offers some concluding remarks.

II. Test Results Relating to Money Demand
in Germany, Japan and the United Stated

The data used to estimate money demand equations for Germany, Japan,
and the United States! were quarterly observations that were seasonally
adjusted either at the source or by the authors using the Census X-11 pro-
gram.? Specifically, the following equations were estimated:

2.1) In (M/P)y; = fo; + BuiIn (M/P)e_y; + Bo;In(Yy;) +

+ Bailn(rle;) + Bajln(rP;) + ew;,

1 The data for the U.S. were directly obtained from the Fed while those of Germany
and Japan were found in various issues of International Financial Statistics.

2 Controversy on the advantages and disadvantages of using seasonally adjusted
data is by no means resolved. Here we used seasonally adjusted data since almost all
observations were seasonally adjusted at the source. (See Bell and Hillmer 1984 for a
discussion of seasonal adjustment of economic time series).
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where,

i = 1, 2, 3 representing the United States, Japan, and Germany, respectively,
M = M1 domestic nominal money stock, :

p = the consumer price index,?

Y = Real GNP (1972 dollars)

! = passbook rate in the U.S. and the discount rate in Germany and Japan,
r = commercial paper rate used in the case of the U.S. only

e = stochastic error.

The application of Durbin’s (two-sided) M-Test* to equation 2.1 indicated
the presence of first-order autocorrelation for the United States and Japan,
but no such problem for Germany. In particular, the regression of the error
terms on all independent and dependent variables and on the lagged values
of the residuals resulted in the t-statistics for the coefficients of the lagged
error terms recorded in Table 2.1.

Table 2.1
The t-statistic for the Durbin M-test

Country t-statistics
U.S. 1.7011
Japan -4.4523
Germany 1.1844

Given the results presented in Table 2.1, ordinary least squares (OLS) was
used to estimate Germany’s money demand equation and the Hildreth-Lu
(H-L) (1960) procedure was employed to estimate money demand models for
the U.S. and Japan. A refined grid value of 1 X 10™* was adopted to guaran-
tee the convergence of the H-L procedure to a global optimum. The complete
estimation results are recorded in Table 2.2.

It is observed that such standard money demand functions specified as
linear in the logs of the variables has high explanatory power for all three
countries. The adjusted coefficients of determination all exceed 96 % indi-

3 The GNP deflator was used as a measure of this variable for the U.S. while in the
case of Japan and Germany we employed the wholesale price to construct the CPI that
was used instead of the GNP deflator.

4 Almost all other empirical studies that we know of in this field use the Durbin
h-test. Our preference for the Durbin M-test stems from the Monte Carlo results of
Spencer, 1975.
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cating that at least 96% of the variation in money demand is explained
through the specified equations. Furthermore, all variables have the
expected signs and all are significant except for the commercial paper rate
coefficient for the United States.

The Chow test was then used to discern whether or not a structural shift
that coincided with the adoption of a system of flexible exchange rates, had
occured in the money demand equations. This test was performed for each
quarter of 1974 separately. The null hypothesis of no structural change had
to be accepted at 1% level of significance for the first three quarters of 1974
and rejected for the fourth quarter of that year. The same test did not indi-
cate any support for the hypothesis of structural change in 1975. The same
behavior was detected for the Japanese and the German money demand
equations. Table 2.3 provides the f-statistics for the Chow test for all three
countries and for all four quarters of 1974. As can be seen, the evidence sup-
ports the occurrence of a structural shift in the money demand equations for
the fourth quarter of 1974. This evidence pertains to all three countries and
indicates a simultaneous change in demand for money in the United States,
Japan and Germany which coincided with the advent of flexible exchange
rates. Therefore it may be hypothesized that currency substitution played an
important role in effecting the demand for money in the post-1974 period. In
the next section such a possibility is examined and tested.

Table 2.3

F-statistics for Test for Structural Change

U.s. W. Germany Japan
1974.1 2:1 3.4 1.9
1974.2 1.8 3.2 1.6
1974.3 3.8 3.6 2.0
1974.4 8.5 9.2 7.1

III. Testing For Currency Substitution

In order to examine the possible effect of currency substitution on the
U.S. money demand, we regressed the residuals of the U.S. money demand
equation on the error terms generated by the money demand equations for
Germany and Japan. This test could help to detect a possible link between
the overestimation of the United States’ money demand equation and a pos-
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sible underestimation of the German and Japanese money demand models.
The regression resulted in a very low coefficient of determination
(R% = .002) suggesting that the residuals (overestimation) of the money
demand equation for the U.S. dollar cannot be significantly explained by
the residuals (underestimation) of the money demand equations for the
deutschmark and the Japanese yen. The same experiment was repeated by
regressing the German money demand error terms on those of Japan and the
U.S., and by regressing the Japanese residuals on the error terms of the
money demand equations for the U.S. and Germany. For both cases low
coefficients of determination were obtained (R? = .031 and .032, respec-
tively) and none of the independent variables (residuals from the money
demand equations of the other two countries) were significant. However,
these regression models performed much better when only the Post-1974.4
data was employed, with R¥s of .055, .108, and .116 for the three cases,
respectively. '

While such tests are not particularly appropriate for direct examination of
the currency substitution hypothesis, they shed some light on the problem.
For example, the evidence suggests that the error terms from the Japanese
money demand seem to be best explained by the error terms of the other two
countries, while that of the U.S. is least explained by the error terms of
Japanese and German money demand error terms. Therefore it seems plau-
sible that the Japanese money demand could be more strongly influenced by
currency substitution and that the U.S. money demand is perhaps least
affected.

An explanation for this may lie in the analysis of the size of a country’s
international sector relative to the size of its economy. In other words, since
in the case of Japan the international sector constitutes a relatively large
part of the economy, currency substitution will exhibit more of an effect on
the money demand, while in the case of the United States the substitution
effect is nominal given the relatively small size of its international sector.
This possibility is further confirmed by examining the cross correlations for
the residuals of the three money demand equations. Results of such a com-
parison are given in Table 3.1 where the numbers in parentheses represent
relevant t-statistics. As can be seen from the Table, all correlations are
insignificant prior to the advent of flexible exchange rates and are all signif-
icant for the post 1974.4 period. This evidence can provide further support
for the currency substitution thesis.

In order to present a more formal and direct test of currency substitution
we added the residuals obtained from the Japanese and the West German
money demand equations as independent variables for the money demand
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Table 3.1

Cross Correlation of Residuals

Pre-1974.4 Post-1974.4
U.s. Germany U.s. Germany
U.s. - 2644 - -.2827
(1.64) (1.78)
Japan -.1328 —-.0612 -.1984 —-.3000
(—.834) (—.368) (—2.12) (1.85)

regression for the United States as given by equation (2.1). This resulted in
an increased explanatory power as judged by the new adjusted R? of .934
relative to the old value of .928. When considered separately the residuals of
the Japanese and the German money demand regressions prove not to be
significant, however, an f-test for the joint significance of these residuals led
to an f-value of 15.8 which supports their joint significance in explaining
variations in the demand for many in the U.S.

To summarize our empirical investigation we first tested the money
demand equations in the U.S., Japan and Germany for structural change.
Once the occurrence of structural shifts beginning in 1974 was established,
we employed residual analysis as a weak test for examining the effect of cur-
rency substitution on money demand. Our results indicated that: (1) cur-
rency substitution while very likely insignificant prior to 1974 may have
played an expanded role in affecting money demand in the U.S., Japan, and
Germany beginning in the third quarter of 1974; (2) this effect was not uni-
form across all three countries; in particular, currency substitution is likely
a stronger determinant of money demand in a country with a relatively
larger international sector; (3) currency substitution does not seem to be
able to explain a substantial portion of the errors in money demand predic-
tions. However, the residual analysis employed may underestimate the sig-
nificance of currency substitution. Since currency prices likely are corre-
lated with the independent variables in the Goldfeld equation, some of the
relationship between currency prices and money demand has been
accounted for through those variables.

IV. Summary and Conclusions

Scholarship on the question of currency substitution in a system of flexi-
ble exchange rates is of relatively recent vintage: Given that there only has
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been approximately fifteen years experience with floating rates, the paucity
of research is not surprising. However, given the potential importance of the
relationship between exchange rates and money demand, there is a need to
improve our understanding of how these variables relate. Evidence on this
phenomenon has been ambiguous. In part, this reflects testing techniques
that seemed indirect. We sought to test more directly the currency substitu-
tion thesis through regressing error terms for the money demand predictions
for Germany, Japan, and the United States on one another. Our analysis
indicated that there has been structural changes both in money demand
schedules and in the correlation of money demand errors for Germany,
Japan, and the U.S. coinciding with the adoption of a system of flexible
exchange rates. However, while currency substitution may have become a
more significant phenomenon since 1974, it could only explain a small frac-
tion of the errors in money demand prediction for these three countries since
1974.
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Zusammenfassung
Wihrungssubstitution und Geldnachfrage in den USA, Deutschland und Japan

Geldnachfragefunktionen fiir die USA, die flr die spaten funfziger Jahre und tber
die sechziger Jahre gute Erklarungen lieferten, fiihrten ab 1974 zu erheblichen Uber-
schitzungen der Geldnachfrage. Dieses Riatsel ,,fehlenden Geldes“ inspirierte eine
Vielzahl von Deutungen. Da die Uberschatzungen der Nachfrage nach Dollars mit der
Einfihrung flexibler Wechselkurse zusammenfiel, hat ein Erklarungsansatz auf die
zunehmende Tendenz abgestellt, in internationalen Portfolios den Dollar durch
andere Wahrungen zu ersetzen. Der Zweck dieses Aufsatzes ist es, die These der Wih-
rungssubstitution zu testen. Die Autoren ziehen die SchluBfolgerung, dafl es zwar eine
strukturelle Verschiebung der Geldnachfrage gab, die méglicherweise auf Wahrungs-
substitution zwischen den untersuchten Landern zurtckgeht, die Nachfragetber-
schatzungen aber hochstens zum Teil durch Wahrungssubstitution erklart werden
konnen.

Summary

Currency Substitution and Money Demand
in the United States, West Germany and Japan

Money demand equations for the United States that predicted well during the late
1950s and throughout the 1960s began to significantly overpredict money demand in
1974. This “missing money” puzzle inspired a myriad of explanations. Since the adop-
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tion of floating exchange rates coincided with dollar demand overpredictions, one
explanation has focused on a growing tendency to substitute other currencies for dol-
lars in international portfolios. The purpose of this paper is to test the currency sub-
stitution thesis. The authors concluded that while there was a structural shift in the
demand for money, perhaps induced by currency substitution among countries
analyzed, currency substitution at best only partially explains dollar overpredictions.

Résumé

La substitution de monnaie et la demande monétaire aux Etats
Unis, en République fédérale d’Allemagne et au Japon

Les équations de la demande monétaire pour les Etats Unis, qui ont fait de bonnes
prédictions a la fin des années 50 et au cours des années 60, commencerent & prédire
de maniére nettement excessive la demande de monnaie en 1974. Ce puzzle de ,la
monnaie manquante* a inspiré une myriade d’explications. Depuis ’adoption des
taux de change flottants, coincidant avec des prédictions exagérées de la demande de
dollar, une explication s’est concentrée sur une tendance croissante a substituer
d’autres monnaies au dollar dans les portefeuilles internationaux. Cet article examine
la these de substitution monétaire. Les auteurs concluent ceci: méme si la demande
monétaire a subi un changement structurel, probablement induit par la substitution
de monnaie dans les pays analysés, la substitution de monnaie n’explique tout au plus
que de fagon partielle les prédictions exagérées du dollar.
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