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Introduction
One of the main points that emerges from the early research on

the German hyperinflation, notably in Fravk Graham (1930) and

Bresciani-Turroni (1937), is that the govermment depended on the

creation of meney for most of its revenue. Recent studies of the

German hyperinflation by Sargent and Wallace (1973), Sargent (1975),

and Frenkel (1976) have reported statistical evidence supporting the
hypethesis that the supply of money was endogenous during this epi-
sode. The postulated chain of events is that the higher the nominal
price of gocds and services the govermment demands, the more money
the govermment needs to create, which in turn leads to further
increases in prices. Accordingly, it seems reasonable to postulate
some sort of stable government reaction function to prices making the
money supply endogenous.

The primary evidence for the endogenelty of money given by
Frenkel and by Sargent and Wallace is that the price series appears
to lead the money series. Frenkel uses cross—correlation estimates
while Sargent and Wallace estimate two-sided regressions to arrive at
this conclusion.

Their results are summarized in Figure 1 and 2 below. From his
cross-correlation estimates Frenmkel (1976) concludes, "Thus prices
cause (or are exogenous to) money in the Granger sensé." He finds
that causality runs from prices to money when he uses the cost of
living index and finds two-way feedback between money and the whole-
sale price index. Sargent and Wallace (1973) on the other hand

reject the hypothesis that there is no feedback from current



inflation to future rates of money creation at the 99 percent level
and also reject the hypothesis that there is no feedback from the

rate of money creation to subsequent rates of inflation at the 95
percent level. They conclude that the results imply that inflatien

strongly influences subsequent rates of money creatien but that the

influence of money creation on subsequent rates of inflation 1s
harder to detect.

Using a semilog demand for money function where real income and
the real rate of interest are assumed exogenous, the rational
expectations solution for the price level given by Sargent and

Wallace is
- % (1-8) 6m®
(1) p, =& tA+ jgo(l 8) 9mt+j(t),

where Pr is the logarithm of the price level and mi+j(t) is the fore-

cast of the logarithm of the money supply (mt+j) j periods hence,

~

made at time t. A is a constant, €. is assumed to be a normally
i

distributed error term, and 8§ = Tra where a is the interest rate

semielasticity of the demand for money.

The empirical finding that the monmey supply leads prices does

not necessarily imply that prices cause money in the Granger sense,
since the current price should depend on the expected future money
supplies. The direction of causality has to be decided based on
whether the unanticipated component of the money supply leads
prices. The techniques proposed by Granger (1969) and Sims (1972)
attempt to distinguish anticipated from unanticipated changes in the

variables involved. What enables Sargent and Wallace and Frenkel to
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use the Granger and Sims tests Is the assumption that the monay and
price series of the German hyperinflation are generated by linear
autoregressive or moving average (ARIMA) processes. Neither of the
papers investlgated the empirical validity of this a55umption.

This paper marshals evidence that the linearity assumption is
not valid and presents reviged exogeneity tests that do not assume
linearity. The results no longer favor the hypothesis that prices

are exogenous. An economic explanation of this finding is then pro-—

vided.

Univariate Time Series Models and Prediction1

Figure 3 summarizes part of the sample autocorrelation structure
of the price and money series of the German hyperinflation as succes-
sive observations are deleted starting with the last date of the
samble (August 1923). The impact of removing even omne observation is
sufficiently large to cast doubt on the assumption that either of
these series could have been generated by a single linear ARIMA
model.

One way to deal with the problem is to construct some nonlinear

process that could generate series such as the ones observed. The

lThe money supply data is taken from Rogers (1934). The data
differ from those reported in "Zahlen Zur Geldentwertung” (1925) only
for 1923 when Rogers includes authorized issues of money by non-—
banks. The data are identical for the rest of the period. The Cost
of Living index and Govermnment bonds are reported in "Zahlen Zur
Geldentwertung” (1925). These are the same data as those used in all
the papers dealing with the hyperinflation. Govermment expenditure

data were collected from “Germany's Economy, Currency and Finance"”
(1924).



possibilities are mumerous, however, and the properties of estimators

of such nonlinear processes are not well known. Furthermore, since

the economic intuition associated with a complex nonlinear function
that appears to trace the sample path is unclear, there is nmo theore-
tical guidance as to what type of nonlinear form to choose.

It is generally true that for sufficiently small distances away
from a particular point and with sufficient smoothness conditions, a
nonlinear system can be approximated by a linear one. Invoking that
analogy, assume that economic actors will form expectations based on
past values of the variable as if, for short forecasting horizons, a
linear rule approximates the nonlinear underlying process suffi-
ciently well. In practice, this amounts to reevaluating the linear
ARIMA process each period and using the updated version to forecast
the future path. Asg one tries to forecast further into the future,
the efficiency of the forecasts will decline, since the linearity
assumption will be increasingly less appropriate.2

The procedure of continuously updating the linear approximation
model is carried out for the cost of living index (COL) and the money
supply (MON). Figure 4 contains the set of ARIMA models that seem to
describe the sample autocorrelation structure most adeguately. There
is no single formalized and generally accepted method of estimating

ARIMA models. It is possible that different researchers confronted

2A problem not dealt with here, is how many observations one
should include in re-evaluating the ARIMA process. If the process is
highly nonlinear, then the best linear approximation may involve
using only recent observations. I have chosen to include all past
data.



with the same time series will end up with different models, at least
in appearance. It is much less likely, however, that these models
will vield significantly different predictions.

The method used for the estimation is as follows:

(1) Starting with December 1920 (2012) the sample autocorrela-
tion structure for the different time periods is computed and exa-—
mined. In all cases all available data up to the end of the interval
are used in computing both the sample autocorrelation and the coeffi~-
clent estimates.

(2) Given the autocorrelation structure, a tentative model is
postulated and estimated. The characteristics of the residuals pro-
vide clues for further refinements of, additions to, and deletions
from the original model. The Box-Pierce statistic, the autocorrela-
tion structure of the error terms, and the skewness and kurtosis
statistics of the residuals are used to decide on the appropriate
model.

(3) ARIMA models that contain the maintained model are estimated
in each case to see whether more coefficients should be added to the
maintained model.

(4) The out-of-sample predictive ability is not taken into
account in selecting the appropriate model for each time period.

Some observations about the models in Figure 4 are in order. In
all cases, the form of the models seems somewhat more stable than the
coefficient estimates. In the money supply series for instance, the
form of the autoregressive part of the model remains the same from 46

to 51 observations, although the parameter estimates seem to vary



widely and not in any systematic fashion. The models identified for
48 observations and 51 observaticns are almost identical, while the
intervening ones are not. Somewhat surprisingly, 12-month seasonal
parameters for the money supply series persist through all the esti-
mated models. TFor the early part of the data, it is necessary to
allow for both autoregressive and moving average seasonal para-
meters. No other combination of MA or AR parameters seems to vitiate
the need for both seasonals.

The residual autocorrelation statistics are uniformly low and
the t-statistics of the retained coefficients are high; all the coef-
ficients retained in these models significantly contribute towards
their explanatory power. The skewness and kurtosis statistics, on
the other hand, suggest that there may be departures from the
normality assumption for the residuals. It is tyvpically the case
that the last one or two residuals appear out of line with the rest
of the sample, suggesting again that no one linear model can describe
these time series.

Figure 5 compares the explanatory power of forecasts obtalined in
this manner with the simple assumption that the underlying time
series processes are linear. The comparison is made for three dif-
ferent time periods. For each time period, row (a) is a regression
of the dependent variable--the money supply (MON) in the first panel,
the cost of living index (COL) in the second—on past and present
values of the corresponding independent variable. Row (b) imncludes
the forecasts of the independent variable (obtained through the above

procedure) on the right-hand side. A significant F-value indicates



that the forecasts of the independent variable contribute

significantly to the explanatory power of the regression and implies
that the linear approximation method captures significantly more
information from the past history of the series than the linear
hypothesis. In the case of COL on MON, the F-tests indicate that for
the 2001-~2303 and 2001-2307 periods the null hypothesis that the non-
linear model does not capture additional information must be rejected
at the l-percent level of significance; the hypothesis is not
rejected for the 2001-2208 period. In the case of MON on COL, the
results are similar; the hypothesis that the nonlinear model does not
capture additional information for the 2001-2307 period is rejected
at the l-percent level of significance. The hypothesis is not
rejected for the 2001-2208 and the 2001-2303 period.

. These results show that restricting the time paths of money and
prices to linear ARIMA processes is not in accordance with the data;
the local linear approximation method captures significantly more

information from the past history of each variable.

Two-Sided Regressions and Causality

The way in which Sims (1972), Sargent and Wallace (1973), and
others have implemented Granger's definition of causal ordering is to
regress Y on past and current values of X and also on past, current,
and future values of X. If the second regression explains Y signi-
ficantly better than the first, the conclusion 1s that the causal
chain runs from Y to X. The test must be repeated with X as the
left-hand variable to determine whether the causal chain runs from X

to Y as well.



The two-sided regression tests reported in Sargent and Wallace

and reproduced in Figure 2 have been duplicated with the present data
and statistical packages used in this paper.3 The results, reported

in Figure 6, broadly confirm the Sargent and Wallace conclusions.

The case for monmey creation's influencing prices is weaker than the

case for prices' influencing money creation for the whole perioc.

The hypothesis that past money does not influence current prices is
just rejected at the l-percent level of significance while the
hypothesis that past prices do not influence current money is easily
rejected at the l-percent level of significance. For the 2001-2208
period the hypothesis that past money does not influence current
prices is not rejected at the 5-percent level of significance, while
the hypothesis that past prices do not influence current money is
rejected at the 5-percent level of significance but not rejected at
thell percent level. These tests seem to uphold the hypothesis that
the causal ordering runs from prices to money for the sample period
1902-2307. For the 1902-2206 period, however, the same hypothesis
fails two out of three times at the 95-percent confidence level.

The Sargent and Wallace tests assume that the data are generated
by linear time series models. The evidence in section 2 suggests
that this is not an appropriate assumption, casting doubt on the
validity of the tests. The Sims test, however, can be modified to
preserve its intent and to incorporate the underlying nonlinearity of

the time series processes. 1In this test, the past and current values

3Econometric Software Package, by Prof. P. Nelson.
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of X in the regression of Y on X summarize the best forecast of the
future values of X from its own past history. Since the underlying
time series process 1s not linear, the expected values of

X (Xi+j)’ calculated by the linear approximation method, should

replace the lagged values of X in the regressions. The appropriate
test of the direction of the causal chain is whether future values of

X significantly increase the explamatory power of the regression.
The results of these tests are reported in Figure 7.a For the
2001-2208 period, the hypothesis that past prices do not affect cur-
rent money canmnot be rejected at the 5-percent level while the hypo-
thesis that past money does not affect current prices is rejected at
the l-percent level. For the 2001-2307 period, the hypothesis that
past prices do not affect current money is just rejected at the
l-percent level when the regression is run in levels, but is not
rejected at the l-percent level when the regression is run in first
differences. TFor the same period, the hypothesis that past money
does not affect current prices is easily rejected at the 1 percent
level of significance. Furthermore, a regression of COL on expected
money {excluding the current money stock term) when compared with the
2001-2307 regression in row (b) yields an F-statistic of 3.20, which
leads to accepting the hypothesis that past prices do not influence

current money at the l-percent level of significance.5

4The D. W. coefficients reported for these regressions are
low. Allowing second order autocorrelation reduces the value of the
F-statistic.

5Critical value at 1 percent is 3.83.

9



The results differ very substantially from the omes in
Figure 6. Although there is some evidence that prices may be influ-
encing money, the case for money's influencing prices is mch
stronger. Quch a comparison sugpests that a model that treats the
money supply as an econometrically exogenous variable is not incon-
sistent with the data. This finding may be somewhat surprising,
given the unanimity of earlier work. But more careful examination of
the institutional setting and the actions of the central bank as

undertaken in the next section, provides an explanation of this find-

ing.

Govermment Revenue and Credit Creation

In previous hyperinflation studies, it has been customary to
equate the government revenue from inflation with the central bank
seiénorage from money creation. As can be seen from Filgure 8, during
the entire hyperinflation the government continued to issue debt to
cover its budget deficits. The central bank monetized some of the
debt by purchasing it directly from the Treasury or In the open
market.6 This has the potential of becoming a superfluous step so
that all the debt would be purchased by the Central bank as it is
issued. The data in Figure 9 reveal that the correlation between the
real government revenue from debt issues and the central bank
seignorage ranges between .63 and .24 on a monthly basis, depending

on the deflator used. In 20 out of 31 months over the whole sample

6The govermment was not prohibited from selling its debt
directly to the central bank.
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and 9 out of 19 months since 1922, the govermment revenue exceeds

bark seignorage. From February to August 1922, the nominal debt held
by the private sector declines, implying that the bank was issuing
money in excess of new government debt. After that period, the
nominal value of government debt held privately increases without
interruption. The real value of privately held debt declines
continuously from April 1921 to March 1923 with one interruption.
Surprisingly, it increases between March and July of 1923 in spite of
the extremely high inflation rates., It is interesting to note that
the autocorrelation at lag 1 of all the revenue series is low. The
average autocorrelation for govermment revenue is 0.22 and for bank
seignorage 0.44. Furthermore, if one assumes that the government or
the bank tried to extract a constant revenue each month, as postu-
lated by Sargent and Wallace (1973), the mean revenue is not statis-
tic;lly distinguishable from zero in most of the measures. The value
of privately held debt follows closely the value of total debt. In
some instances bank seignorage exceeds total revenue from debt even
though private holdings of nominal debt rise. The reason is that the
central bank regularly bought private debt instruments and issued
currency against them. This was one way in which cheap credit was

rationed to corporations.7

7See Bresciani-Turroni (1953). The following gquotations are
from Graham (1930), p. 62, and Bresciani-Turroni (1953), p. 78,
respectively.

11



But Reichsbank note issues were not dependent on
Treasury borrowing only. . . . The use of commercial
bills had almost entirely ceased during the war. . . .
the resulting scarcity of credit, which grew marked as
inflation advanced, impelled the Reichsbank in the

cummer of 1922, to urge the readoption of the commer—
cial bill as a credit instrument. A low discount rate
was applied and, under the existing condition of con-
tinuous currency depreciation, the rediscounting of
comzercial bills became an obvious recourse for the

private banks. The Reichsbank's portfolio of commer-—
cial bills consequently grew rapidly in spite of a
gradual diminution in the bank's enthusiasm in the
matter and of subsequent large but always inadequate
increases in the rate.

. . . = « = . .« = . - . . - s . . L . - . . . . .

. « . + » only towards the middle of August 1923 did
the president of the Reichsbank amnounce the adoption
of the principle of loans at a "constant value™”.

The picture that emerges from these calculations is that there
is considerable month-to-month deviation between the actions of the
central bank and the needs of the government. Undoubtedly, the bank
triéd to limit interest rate rises and maintain market conditions
favorable to the sale of the debt issues. But it was subjected to
many other pressures and demands for cheap credit which may have
caused continuing and unpredictable changes in its behavior
pattern. It is not then surprising that feedback from prices to
money is unpredictable and hard to detect. Taking the money supply

as the econometrically exogenous variable does no more violence to

the data than the opposite assumptiomn.

Conclusion
The first section contains evidence that the covariance struc—
ture of the price and money supply serles appears to be unstable.

This could be explained by any mumber of reasons including the

12



possibility that the series were generated by a stable but nonlinear
process. There is no generally accepted methodology for identifying
or estimating such processes.

Using the analogy of local linearization of nonlinear behavior,
a procedure of a contimuously updated linear approximation is pro-
posed. It is shown that this procedure captures significantly more

information than the best linear model. It is shown further that the
conclusions about the direction of causality from the Sims test
change considerably when the new procedure is used. In particular,
assuming that the money supply is econometrically exogenous to prices
is not incensistent with the data.

The last section presents additional evidence that supports this
finding. 1t is shown that the central bank appears to have operated
independently from the revenue needs of the government in the short
run; This provides an economic explanation of the apparent exoge-

neity of money during the German hyperinflation.

13
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