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The literature estimating the demand for money during the
German hyperinflation is based on three different data sets, nu-
merous expectation formations, and provides several different
conclusions. This paper attempts to determine the relative expla-
natory power of the threz data sets based on a common model
which incorporates the essential characteristics of the earlier mo-
dels. A two-step instrumental variable estimation technique is
used; the first step being the estimation of the “rational” expec-
tations, and the second step the estimation of the parameters.of
the demand equation. The findings of this study show that the em-
pirical results are dependent on the data employed, and that the
seemingly different results obtained in the literature come from
expectation formations and underlying money demand specifica-
tions.

1) INRODUCTION

The persistent debate concerning the appropriate procedure for
estimating the demand function for real cash balances during the Ger-
man hyperinflation is centered around the specific formulation of
expectations. Unfortunately this discussion is further hampered by
the availibility of three independent data sets collected by Cagan
(1959), Barro (1970), and Abel, Dornbush, Huizinga and Marcus
(1979). These data sets differ from one another mainly in the selection
of the price variable and the source from which the variables were
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recorded!. Empirical studies estimating the money demand function
during the German hyperinflation do not completely account for the
differences among the data sets before comparing their results. As a
consequence, these comparisons may be unfitting and inconclusive.
Thus, before comparisons are conducted to determine the relative
explanatory power of each model, a comparison must first be
conducted to determine the relative explanatory power of each data set.

The purpose of this paper is to determine the relative explanatory
power of the three data sets for explaining the economic events that
occurred during the German hyperinflation?. To insure that the exp-
lanatory power of each data set is a direct result of the information
contained in the data set and not from the model used to conduct the
experiment, it is necessary to test each data set with a common model
and estimation technique.

In order to build a general model that incorporates the essential
characteristics of the models found in the literature, a brief literature
review is necessary. Cagan’s (1956) original work was based on adap-
tive expectations, followed by Barro’s (1970) work which imposed a
second order gama distribution on the lagged coefficients in formu-
lating the expectations. Sargent and Wallace (1973, 1976, 1977) pro-
vided a striking alternative to the formulation of expectations which
was the catalyst for the rational expectation hypothesis. The results
produced by these works are consistent with the ‘quantity theory of
money’ in that only money matters in determining the price level.

Frenkel (1977) presented yet another alternative in formulating
inflationary expectations. In his work, he discussed the problems of

1. The description of the price variable and its source are shown below for each
data set:

Cagan: P is an index of wholesale prices, collected from Zahlen zun Geldentwertung
in Deutschland 1914 bis 1923, Sonderheft zu Wirtschaft und Statistik, 1, 1925, p. 33.

Barro: P is an index of the cost of living, collected from Statistisches Jahrbuck fiir
das Deutsche Reich, 1924 /23, international table 1.

Acbel et al.: P is the consumer price index, collected from Zahlen zun Geldentwertung
in Deutschland 1914 bis 1923, Sonderheft zu Wirtschaft und Statistik, 1, 1925, p. 33.

2. Only the time span all three data sets had in common was used. The exchange
rate between the Mark and the Pound was collected from Graham (1930) and was used to
supplement the data sets lacking the exchange rate data.
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unobservable expected inflation, and thus proposed the forward pre-
mium on foreign exchange as e direct measure of inflationary expec-
tations. Abel, et al. (1979) and Selemi (1980) question the theoretical
reason for the forward premium on foreign exchange as da determi-
ning factor of money demand. Abel et al. (1979) argue that in order
for the forward premium on foreign exchange to be a proxy for infla-
tionary expectations, one needs to assume the restrictive purchasing
power parity hypothesis. Hence, they suggest that one interpretation
of the forward premium on foreign exchange as a determining factor
of money demand is the possible existence of currency substitution bet-
ween domestic and foreign monies.

Based on their interpretation of the forward premium on fareign
exchange, Abel et al. (1979), estimated the German money demand
equation with both depreciation and inflationary expectations. The
expectations for depreciation were proxied by the forward premium
on foreign exchange, while the actual rate of inflation was used as a
proxy for inflationary expectations. Their study concluded that both
depreciation and inflationary expectations were significant in estima-
ting the German money demand equation.

Until the work by Abel et al. (1979), no one had applied the con-
cept of foreign currency as an alternative form of wealth when empi-
rically estimating the demand for real cash balances during the Ger-
man hyperinflation. While their paper is important for this reason,
their conclusions are quite different from those of Sargent and Wallace
(1973, 1976, 1977). A direct comparison of these works highlight that
Abel et al. (1979) relied on an external source for the expected rate of
depreciation and used ‘perfect foresight’ for the expected rate of infla-
tion, rather than letting the model internally form the expected values
from the past values of all the available monetary variables. In doing
so, they assumed that the actual rate of inflation is equal to the expected
rate of inflation plus some white noise. It can be shown that this as-
sumption caused “errors in variables” in their model, and led to in-
consistent estimates of the parameters3.

3. In addition, rather than using the percentage changes of the variables in their
estimation of the money demand equation, Abel et al. used the levels of the varibles. As
Frenkel (1979, p. 2) states, “a regression using the levels of the exchange rate is comp-
letely dominated by the last few observations due to the rapid acceleration cf the depre-
ciation of the mark™,
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2) THE MODEL

The model used here is designed to be as general as possible and
to be a superset of the models used in earlier studies. It incorporates
the essential characteristics of those models, specifically rational
expectations and currency substitution. As with other models based
on rational expectations, this model forms expectations with the
available information contained in the past values of all variables in
the model. The information sets used for the formation of the expec-
tations consist of the past values of all the statistically significant vari-
ables.

Fhe assumption of currency substitution allows the model to be
more comprehensive and less restrictive than some of the models
stated above. The existence of currency substitution allows residents
of the country in question to diversify their monetary wealth between
alternative currencies. The portfolio choice depends on the relative
expected rate of returns, which in this case is the expected rate of
deprectiation.

The demand equation presented here is similar in nature to the
equation developed by Cagan.

M: _ Ao =1 T —0o &1t —€¢ (N
Pt
where: M = demand for nominal balances
P+ = price level
ny = expected rate of inflation
@y = expected rate of devaluation
¢t = random variable, normally distributed with mean

zero and constant variance
e = natural log base
og, ®1, p are parameters

Equation (1) states that the demand for real cash balances is negati-
vely related to the expected rate of inflation and the expected rate of
devaluation. The expected inflation rate () is defined to be the ex-
pected value of the log ratio of Pt,; and Py, and the expected rate of
devaluation (@) is defined to be the expected value of the log ratio
of r¢,1 and ry.
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ny = E¢ (InPty;; — InPt) = E¢ (Xty1) ()
@+ — Et (ln ry,1 —In ry) = Et (pt+1) 3
Where E¢ is the expectations operator at time (t), r represents the exc-
hange rate, and P represents the price level. For convenience, X,
represents the log ratio of prices at time t-+1, and p¢,; represents the
log ratio of exchange rates at time t--1. Equation (1) can be rewritten
in its log linear form.
lth —_ lnPt = — Qg — %] Et (Xt_“) — ®n Et (pt+1) — at) (4)
The information contained in equation (4) at time (t) must also be
contained at time (t-1).

InM¢_1 —InPt 1 = — oo — oy E¢_1 (Xt) — a2 Et_1 (pt) — &t )
Taking the difference between equation (4) and equation (5) yields:
pt— Xy = —oy [EeXtp1 - Eeo1X¢]-22 [Etpti1-Et_1 pt]-nt (6)
where: ut = (InMy — InMy_y)
Xt = (lnPt — lnPt_l)
Ny = gt — €¢_1
Equation (6) states that the percentage change of real cash balances

is negatively related to the change of the expected rate of inflation and
the change of the expected rate of devaluation.

It was assumed above that ¢¢ was normally distributed with zero
mean and constant variance and orthogonal to past values to M, P,
and r4.

Et—l €t — E (gt /Mt—la Mt—?.a---a Pt—la Pt—?.;- o Tt_1, rt—25-") =0 (7)

Taking expectations of equation (6) conditional on information known
in the previous period (Q+_,) yields:

Et 1 (ueXt) = -1 [Eto1 K1 X)) =22 [E¢_q (pre1-pt)]  (8)
Since

we— X¢ = Et_y (e = X¢) =0y )
Equation (6) can then be written as:

piXt =~y [Et_1 Kep1 =Xe) Fez [Eeog (peye1 —p) ] -1t (10)
Rewritten in terms of information sets, equation (10) becomes

pt=Xt = —oy E (Xt11-X1) /Qt_1 —22 E (pty1-pt) /Qe_q Dt (11)

4. However, n, can be correlated with current and future values of X, p and ¢.
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3) TWO-STEP INSTRUMENTAL VARIABLE ESTIMATION
BY OLS

In its simplest form, equation (9) can be solved for
(pt=X1) —Et_1 (pe=Xy) = -1y (12)

where ny is orthogonal to the information set which includes variables
at time (t-1). This will permit the usage of OLS estimation to find
inefficient but consistent estimates for —o; and —«,°. In order to esti-
mate ‘equation (10), a two-step instrumental variable estimation tech-
nique is utilized. The first step of this technique is the construction of
the instrumental variables. This involves the identification of the re-
levant 'variables to be contained in the information sets. Once the in-
formation sets have been determined, they are then used to estimate
values for the expectations of inflation and currency depreciation. The
second step involves the estimation of the parameters of equation (10)
using the previously estimated values of the expectations as the inst-
rumental variables. Specifically, the estimated values for the expec-
tations of inflation and currency depreciation are used as the indepen-
dent variables in the estimation of equation (10).

However, before the first step of the procedure can be conducted,
the notion of ‘rational’ expectations and the information sets must
first be addressed. The literature suggests that the information set for
inflation consists of past values of inflation along with past values of
devaluation, and that the information set for the rate of devaluation
should include the past values of the rate of devaluation. On the ot-
her hand, ‘rational’ expectations assumes that information sets could
conceicably consist of the past values of all the variables in the model
However, the relevant information sets consist of only those variables
that are statistically significant in predicting the expectations.

4) EMPIRICAL RESULTS

To determine the ‘rational’ information sets used in forming the
expectations of - inflation and currency depreciation, 1 regressed
(ptr1-pt) and (X¢1—Xy) on Q¢ _; using every possible combination of

5. The estimation technique depends on the non-trivial solution to
E, , (=) #0, and E,, n, =0



TABLE | Rational Information Sets
coefficients (t statistic)

const. | X_; X . X 3 f-1
Cagan
Kt = X, .083 .79 .288 | -.088 -.76
(.866) | (1.5) | (.43) (.16) a.7)
Pee1 — Py .058 -.147
(.48) (.74)
Barro
X+ = Xy -.02 -.24 | -.04 -.84 .508
.87 (.69 (.10)| (3.8 8.5
Pie1 — Py .021 -.27 .52 | -.50 .07
(.21 (.5 @2.1] (1.3 (.06)
Abel et al.
A2 | —-.67 | -.94 -.44 -.19
(lr.6)| (1.3 1.9 (.76) .77)
t+1 — ¢ 11 -.22
0 1.(.02) (.89)




Py Pos U3 rR* D-W
.07 -.23 .23 1.59
17 (.43)
.663 -.334 A3 2016
2.1 (1.06)
.15 -.27 .81 | -.52 .93 | .89 | 1.95
a7 @.n (.99 | (.62)| (1.3)
-.70 .74 -.62 | 2.0 3.83 .62 2.92
(.56) (1.16) | (.26)| (.83, (1.8)
-.36 -.25 2.08 .015 .206 | .37 1.43
(1.29) (.91 | 2.12)| (.10)| (1.69)
.002 -.045 .04 | 2.64
(.026) (.60)

ar 1s Nid
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variables in the information sets!. Due to the small sample size of the
data sets, the information sets were constructed by using only a three
period lag for each variable in order to allow an adequate number of
degrees of freedom for conducting statistical tests. In order to deter-
mine the statistically significant variables for the information sets, a
likelihood ratio test was used to compare the expectations of each
information set with the expectations of the other information sets.
A summary of the results is found below in Table 1.

The information above demonstrates the difference between the
three data sets. The data sets of Barro and Abel et al. suggest similar
information sets for the expected rate of inflation, while the data sets
of Cagan and Abel et al suggest similar information sets for the ex-
pected rate of currency depreciation. However, Cagan’s data suggests
quite different information sets for the expected rate of inflation, and
Barro’s data suggests different information sets for the expected rate
of depreciation.

TABLE 2 Estimation of the Money Demand Equation
P — Xy = —o [Eqy Rery = XJ1 —o, [Eyy (P — PYI - 1y
coefficients (t statistic)

Data Sets const. | -, | -0, | R? F |

Cagan -.12 -.019 .16 .012 .19
(2.23)a (.05) (.42)

Barro ~.046 -.13 -.016 .08 1.48
(1.73) (1.68) (.274)

Abel et al. -.083 .388 .217 211 3.35
(2.64)a (2.05) (.559)

a) significant at the 95 % level (t statistic).

6. The object is to maximize the likelihood of the «’s and not the likelihood of the
parameters of the expectation equations. Since the values for the maximum likelihood of
the a’s are not directly related to the values of the maximum likelihood of the expectation
equation coefficients, one can therefore relax the strict theoretical form of the equation for
the expectations.

7. The likelihood ratio test is formed by taking twice the difference between the
value of the log likelihood functions of the two regressions and comparing it with the Chi
squared distribution.

8. One should note that in Table 1 above, the R*s are meaningless since the ob-
jective is not to maximize the likelihood of the expectation equations, but rather to maxi-
mize the likelihood of equation (10). The Durbin-Watson statistic is also useless since the
serial correlation rho represents the ‘extra’ information between time (t--1) and time
(t—1). The addition of this new information would be inconsistent with the formulation
of the expectations.
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The second step of the two step procedure was conducted by
using the estimated values for the ‘rational’ expectations of inflation
and currency depreciation as the instrumental variables (e.g. indepen-
dent variables) in estimating the parameters in equation (10). Speci-
fically, T regressed (p+—Xy) on the estimated values of the ‘rational’
expectations of inflation and currency depreciation.

The results of all three data sets with ‘rational’ expectations,
suggest that neither the expected rate of inflation nor the expected
rate of depreciation have any significant effect on real cash balances.

5) CONCLUDING REMARKS

The results of this study highlight two important points. First,
each data set appears to be capturing different aspects of the German
hyperinflation. This is evident by the description of the price variable
contained in each data set. Consequently, the information sets include
different relevant variables and produce different estimated values for
the expectations of inflation and currency depreciation. This explains
the lack of consistency among the signs, magnitudes and significances
of the coefficients in the regression model. Therefore, it is not approp-
riate to draw conclusions concerning the specification of the model
based on empirical results utilizing inconsistent data sets. The fact that
all three data sets failed to support or refute the underlying theoretical
model presented here highlights the second point. Namely that the
seemingly different results obtained in the literature seem to be gene-
rated by the formation of the expectations and the underlying money
demand specifications.

In order to draw any conclusions on the appropriate specification
of the money demand equation, empirical tests of alternative specifi-
ciations must be conducted utilizing a common data set. Unfortuna-
tely, the results obtained in the literature are not based on a common
data set, and therefore one must reserve judgment on the correct mo-
del specification until these models have been re-estimated with a
common data set.
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OZET

Bu yazida Alman hiperenflasyonu doneminde para talebi yaygmn olarak kullanilan
modeller ¢ercevesinde ve iki asamali ara¢ degisken tahmin yontemi yoluyla ele alinmakta-
dir. Ik asamada rasyone! bekleyisler ikinci asamada ise talep denkleminin parametreleri
tahmin edilmektedir. Calisma ampirik bulgularin kullanilan verilere gore degistigini ve
yazinda farkl gibi goriinen sonuglarin bekleyislerin olusma siirecinden ve para talebi belir-
lemelerinden kaynaklandigin1 gostermektedir.



