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Inflation and Price Change Variability:
Some New Evidence from Old Data*

The research presented here uses annual data for Germany (1850-1914) and the
United States (1881-1913) to explore the relationship between inflation, relative
price variability and output. No previous study has used data from this period. The
purpose of the paper is to consider the (neo)classical proposition that the price level
and relative prices are independent. The impact of price uncertainty on output is
also considered. The study shows that there is a strong relationship between infla-
tion and price variability, though it is not consistent across countries. There seems
to be little role for relative price change variance in explaining changes in output.

1. Introduction

In recent years there has been an exceptional interest in the
variability of relative price changes, the rate of inflation, and the
effect on the real economy. This literature was spawned by the now
classic Vining and Elwertowski (1976) study of the systematic re-
lationship between the rate of inflation and the variance of relative
price changes.! At the close of their paper they raise the issue of
a causal link between inflation, price variability, and the real econ-
omy.

The research presented here uses annual data for Germany
(1850-1914) and the United States (1881-1913) to explore the re-
lationship between inflation, relative price variability, and output.
No previous study has used data from this period. Graham (1930),
Hercowitz (1981), and Mills (1927) have used interwar data. Studies
using more modern German and U.S. data include Fischer (1981,
1982), Froyen and Waud (1987), and Buck and Gahlen (1983).

The purpose of the paper is to consider, with this new though
chronologically old data, the (neo)classical proposition that the price

*Thanks go to Bernhard Gahlen, Klaus Gerhaeusser, anonymous referees and
seminar participants at Temple University for comments on an earlier draft. The
research reported here was supported in part by the Deutsche Forschungsgemein-
schaft. The views presented here are solely those of the author.

'This literature is reviewed in Marquez and Vining (1984) and Gerhaeusser (1987).
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level and relative prices are independent.® Subsequently, the im-
pact of price variability on output is also considered.® Consistent
with other studies, it is found that there is a strong relation be-
tween inflation and relative price change variance. However, there
seems to be little role for relative price change variance in explain-
ing changes in output.* The results are especially interesting since
the data are for a period predating conscious, activist fiscal and
monetarist policy in either country.5

2. The Evidence

The U.S. data has been assembled from Commons (1902),
Kemmerer (1909), the U.S. Department of Commerce (1975), and
the U.S. Bureau of Labor (1899-1905). The data base consists of
annual observations on money supply, output and price indices for
65 commodities. The rate of inflation and relative price change vari-
ance were computed as

1
™S o 2 (nP, - InP,_,), 1)
and

1
PVAR, = — > [0 Py~ InPy_y) — m]2, B)

%In fact, this proposition is quite relevant to the new classical macroeconomics.
Bordo (1980), Cukierman (1984), Cukierman and Wachtel (1982), Hercowitz (1981),
Parks (1978), and Taylor (1981) are representative of efforts to bend the new models
to the U.S. postwar experience.

In some instances, notably in Friedman's Nobel lecture, variability and uncer-
tainty are used interchangeably. Following Cukierman and Wachtel (1982), we note
that there is a distinction.

‘Only in Hesselman (1983) has the relationship between relative price change
variance and inflation also failed to emerge. This same paper finds no evidence of
association between relative price change variance and either unemployment or out-
put.

5At the point in time covered by this data set there was not a central bank in
either country. Further, as understood by a Keynesian, there was no role for cen-
tral government spending in economic stabilization. The conscious use of monetary
and fiscal policy to achieve particular macroeconomic goals probably did not begin
until the interwar years.
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where P, is the price index for the ith commodity at time ¢t. Were
they available, the terms in the sums would be weighted by ex-
penditure shares.®

The German data are compiled from Hoffman (1965). There
are 43 price indices and an output measure for the entire period.’
The money supply is available only for the period 1865-1913. The
inflation rate and relative price change variance are computed as in
(1) and (2).

For comparable periods, the German inflation rate shows less
variation, in terms of either the range or variance of the series, as
does the series for the variance of relative price changes. For the
entire period the rate of inflation was —0.67% per year for the U.S.
and 0.9% for Germany. The rate of growth of output averaged 3.4%
for Germany and 4.6% per year for the U.S. Finally, the growth
of the money supply in the U.S., at 5.6% per annum, was more
than twice that of Germany.

Table 1 contains regression results for the regression of rela-
tive price change variance on current and lagged inflation. To state
the hypothesis succinctly, the relation between the general price
level and relative price variability should be positive and may be
attributed to costs of price adjustment, market disequilibrium, or
nominal contracts (see Parks 1978; Cukierman 1982, 1983; Cukier-
man and Wachtel 1982; or Fischer 1981). The lag structure is not
determined on the basis of theory, but is driven by the data, and
hence the estimated models are reduced form specifications. But
note that the reported equations do not differ in specification from
Parks™ (1978) structural model. All regressions are corrected for au-
tocorrelation using a maximum likelihood grid search routine. By
any measure, the results for the U.S. are more significant and sug-
gest that higher rates of inflation result in greater relative price
variability.® Although much weaker, the opposite result is found for

%See Gerhaeusser (1986) for a discussion of proper weighting and its empirical
importance.

"The output measure is net social product at factor cost. It is roughly equivalent
to national income computed from labor income, rent, interest, and profits.

8Using the test statistics suggested by Sims (1980), the model was tested for
temporal precedence. For both countries, inflation precedes price variance, albeit
weakly. Using the test statistics in Granger and Newbold (1986) it was found that
a three-period lag was not a restriction over four periods in a two-variable vector
autoregressive model of inflation and price change variance. A result for contem-
porary Germany is in Gerhauesser (1988). More elaborate VAR and cointegration
techniques would have overwhelmed the scant number of available observations.
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Inflation and Price Change Variability

Germany. This seeming conflict is also found in Fischer’s (1982)
study of postwar data. Part of the explanation lies in the evolution
of the two inflation series. The inflation rate in Germany is far more
frenetic than that of the U.S.° In fact, regressions of price change
variance on current and lagged values of the absolute value of in-
flation lead to results the opposite of those in Table 1 (see Fischer
1981 for the justification). The absolute value of inflation has a mi-
nor role in explaining price change variance in the U.S., while it
has a significant role in Germany.'® In any case, one may conclude
that more inflation or deflation adds noise to the system of relative
price changes. This result is consistent with Friedman’s (1977) as-
sertion in his Nobel address, but is somewhat at variance with clas-
sical economics. The results in Table 1 are also somewhat trouble-
some for the new macroeconomics, which subscribes to neutrality
of money paradigms. While the U.S. results are consistent with
studies using more contemporary U.S. data, upon which Cukierman
and others have predicated their models, the inflation coefficient
sign reversal for Germany is troublesome. Models in the spirit of
Cukierman would require, depending on country and period, dif-
ferent signs on the error coefficients that drive their money or de-
mand shock specification.! This, of course, weakens the general ap-
plicability of their theoretical models.

Table 2 presents results from regressing output growth (the
Frickey Index for the U.S. and Net Social Product for Germany)
on the variance of relative price change and inflation.'? The moti-

°A time series may evolve frenetically, though it may have a small variance. A
series that is positively serially correlated will evolve smoothly. A series that is
negatively serially correlated will evolve frenetically, that is, exhibit frequent sign
reversals, although it may have the same variance as its smoothly evolving coun-
terpart.

“The result for Germany is

PVAR, = 0.0039 + 0.00003t + 0.1392)m| R® =0.30.
(1.26)  (0.54) (4.34) Rho = 0.38

Higher order lags on inflation were never significant. Lagged values of PVAR were
never significant.

"For example, in Cukierman (1983) the money supply and productivity are se-
rially independent in their first differences. Therefore, money and productivity are
negatively serially correlated. Excess demand shocks are assumed to be uncorre-
lated. The result is a relationship between inflation and price variability that is
robust to a number of model parameter changes, but not to the changes in the
structure of shocks.

2The inflation—price change variability and price variability—output hypotheses
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vating hypothesis, suggested by Friedman (1977) and developed by
Cukierman (1984), is that the increasing price change variance in-
troduces added noise to the information transmitted by relative prices
and consequently reduces output growth. The empirical specifica-
tion can be interpreted as a Phillips Curve with the addition of
price change variance as a measure to capture price uncertainty (Levi
and Makin 1980). This hypothesis is tested for contemporary U.S.
and German data by Blejer and Leiderman (1980) and Buck and
Gahlen (1983), respectively. Briefly, both studies find that increased
price variance reduces output growth and that it is unanticipated,
not anticipated, inflation which increases output growth. Fitting their
specifications to the present 19th-century data produces quite dif-
ferent results.” In the U.S., most output growth is explained by
contemporaneous inflation.’ Although an F-statistic for the set of
price variance coefficients is significant for Equations 2, 3, and 4 of
Table 2 (F = 3.65, 3.38, 2.71, respectively), the t-statistics for the
individual coefficients are not significant, nor are linear combina-
tions of the coefficients significant (¢t = —0.01, 0.24, 0.22, respec-
tively). This result is quite different from previous studies.'®

In Germany, output growth is explained by current and past
inflation. Only first and second order lags on the price change vari-
ance variable are significant. Consistent with work using contem-
porary data for the U.S. and Germany, these coefficients are sig-
nificantly less than zero.

Table 3 is similar to Table 2, except that the inflation variable

(Note cont. from p. 419)
have been treated as distinct, though related, issues in the literature. This paper
continues that tradition.

Failing to find a relation in one instance does not preclude finding a relation in
the other. In the best of all possible worlds, such things would not happen because
the data would be properly prepared and internally consistent. But that certainly
is not the case of the nineteenth century.

BThe lag structures reported in Blejer and Leiderman (1980) and Buck and Gah-
len (1983) and the present work all differ slightly. First, the theory does not suggest
a particular lag structure or length. Second, the Buck and Gahlen paper uses quar-
terly data. In any event, Blejer and Leiderman report results for contemporary,
one- and two-period lags on price variability. Their results differ from those re-
ported here in that they restricted, without statistical tests, the lag coefficients to
be equal. .

““Explained” is used rather loosely here. The conclusion presumes that one had
previously accepted the monetarist proposition as being true.

In regressions not reported here, the number of business failures and dollars
involved were used as dependent variables as measures of “real” economic activity.
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Inflation and Price Change Variability

has been decomposed into anticipated (Ew,) and unanticipated (Uw,)
components.'® The method used was to construct expected inflation
from the fitted values of a regression with the history of money and
prices on the right hand side. The unanticipated inflation series is
then the residuals from this regression.'”” For the U.S., it is only
expected inflation which significantly affects output growth, either
in the short or long run. For Germany, both anticipated and un-
anticipated inflation have a positive impact on output growth.

(Note cont. from p. 420)

In both cases, inflation reduced business failures (and their size), while increased
price change variance increased business failures. Similar data is not available for
Germany.

%L .agged expectations in this specification can be justified on several grounds.
First, they capture the present consequences of real decisions taken in the past on
the basis of their current expectations. Overlapping contracts and time-to-build models
would be consistent with this interpretation. Second, the available information set
at time t consists of the history of prices. Decomposition of price into expected
and unexpected components, as done in the paper, is orthogonal, and so in no way
changes the information set.

"This technique is quite commonplace and is used in Blejer and Leiderman
(1980) and Buck and Gahlen (1983). The result for the U.S. is

#,= —0.1038 + 0.0014t — 0.4175m,_, + 0.4677M, + 0.5912M,_, .
(—4.95)  (2.59) (-1.82) (3.68) (3.10)

The result for Germany is

#,= 0.0018 — 0.0001t + 0.0527m._, + 0.1777M, + 0.2165M,_, ,
0.100  (—0.23)  (0.12) (1.61) (1.45)

where = is the inflation rate, M is the growth of the money supply, and t-statistics
are in parentheses. Lag length was chosen on the basis of an F-test. A t-statistic
would have been inappropriate because of the high degree of collinearity between
the lagged inflation and money series.

While there was not a central bank in either country, as we understand it, the
concept of the money supply is still meaningful. The data used here is most closely
related to today’s notion of M2. In both countries a bank had to subscribe to central
government bonds as part of its capitalization. In the U.S. during the period in
question the banks could issue their own notes but, by and large, did not do so.
The National Bank Act of 1863 levied a tax on banks that did not have a national
charter. As a consequence, most banks held such a charter and were allowed to
issue a national currency depending on their capitalization. The Reichsbank had a
monopoly on note issue in Germany, though joint stock banks could issue close
substitutes. For precise definitions of the money supply see Hoffman (1965) and
the U.S. Department of Commerce (1975).
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3. Conclusions

A result of the early models of the “new” classical macroecon-
omists was that changes in the price level should be independent
of relative price change variance. Following the work of Vining and
Elwertowski, a wave of theoretical papers has shown that the (ap-
parent) causation should be from inflation to relative prices and that
the association should be positive. Using nineteenth-century data,
this relationship is shown to hold for the U.S. However, the as-
sociation is negative for the same period for Germany.

Related to the issue of inflation and relative price change is
the effect of this price system noise on real output (Friedman 1977).
The Blejer and Leiderman (1980) result that increased inflation of
the unanticipated variety increases output, while increased price
change variance reduces it, does not hold for the U.S. prior to es-
tablishment of the Federal Reserve Bank. The results for Germany
of the same period are as expected, except that anticipated inflation
also matters. The statistical cause for this dissimilarity is in the evo-
lution of the different price series. The root cause, however, prob-
ably lies in the differing political and economic developments in
Germany and the U.S." In any case, the neoclassical hypotheses
are not empirically robust.
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