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Inflation, Output, and Money

This paper uses money-demand theory and a
rational-expectations version of the quantity
theory of money to study inflation in the United
States during the post—Korean War period. The
major results are as follows.

1. The theory and tests explain the phenome-
non of stagflation, that is, the negative relation
between inflation and real activity observed
during the post-1953 period. The analysis calls
into question the many variants of the Phillips
curve which presume that inflation—real activity
relations are positive.

2. Consistent with the models of Patinkin
(1961) and Fama (1980), monthly, quarterly, and
annual data indicate that the base (currency plus
reserves held against deposits) is the relevant
monetary variable in the inflation process and
that demand deposits are irrelevant. The direct
policy implication is that the base is the key
monetary variable in the control of inflation.

3. The most convincing evidence for the simple
quantity-theory view of inflation proposed here
comes from the comparison of the conditional ex-
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Money-demand theory
and the quantity theory
of money are used to
study the inflation pro-
cess. As predicted by
the model, monthly,
quarterly, and annual
data indicate that
inflation is positively
related to money growth
rates and negatively re-
lated to growth rates
of real activity. The
theoretical and empiri-
cal origins of stagflation
are explained, and
changes in monetary ar-
rangements to simplify
the control of inflation
are prescribed.
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pected inflation rates it provides with the assessments of expected
inflation rates built into interest rates. In a world of efficient capital
markets or rational expectations, interest rates contain the best possi-
ble forecasts of inflation. From this viewpoint, the finding that the
quantity-theory inflation regressions replicate the forecasts implicit in
interest rates suggests that, at least for the post-1953 period, the simple
quantity theory is close to the best one can do in modeling inflation.

I. Theoretical Background

The theoretical basis for the analysis of inflation is money-demand
theory interpreted from the viewpoint of a simple rational-expectations
version of the quantity theory of money of Irving Fisher (1911). We
shall not review the money-demand model in detail since good sum-
maries of both theory and empirical evidence (e.g., Laidler 1977) are
available. In brief, for empirical purposes, the demand for money
function is represented, in differenced form, as

Alnmt—_"ﬁlth_Ah‘lPl=b0+b|ﬁlnAt+b2AlnRt“|"Et, (1)

where m, and M, are the quantities of real and nominal money, P, is the
price level, A, is a measure of anticipated real activity, R, is one plus
the nominal interest rate, € is a random disturbance, and A indicates
the difference of the relevant variable.

The theory postulates that b, < 0.0, that is, the demand for money at
time t is negatively related to the rate of interest set at t, since the
interest rate is the opportunity cost of holding a unit of money which
generates returns in the form of transactions services rather than gen-
eralized purchasing power. On the other hand, b, > 0.0, that is, more
real money is demanded at time t to accommodate the larger volume of
transactions generated by a higher level of real activity anticipated for
the near future. We take the assumption that money demand is
forward-looking with respect to real activity to be the essence of a
rational-expectations model of money demand.

To specify the endogenous and exogenous variables in (1), we adopt
a simple rational-expectations version of the Fisherian quantity theory
of money. Thus, real activity is assumed to be determined outside of
the monetary sector. Within the monetary sector, the price level is the
major endogenous variable, while money is exogenous or causal with
respect to prices. Finally, we argue shortly that in an efficient or
rational bond market, that is, a market which understands both the
simple quantity theory and the model of money demand, the interest
rate set at time t is ‘‘largely’’ exogenous with respect to the price level
set at t. With real activity, money, and the interest rate exogenous, the
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money-demand equation becomes a model for inflation. From (1) we
obtain:

&lnP1=Hbo_bIAlnA[_bg&lnRt'{‘bgAlnMg""nl, (2)
where 1, = —¢;, by = 1.0, and the other parameters are as in (1).

Money-demand theory, interpreted from the viewpoint of the quan-
tity theory of money described above, says that, for given values of the
interest rate and anticipated real activity, the demand for real money is
unaffected by exogenous changes in nominal money, so the latter must
be accommodated by proportionate changes in the price level; that is,
b, in (2) is equal to 1.0. Likewise, controlling for variation in nominal
money and anticipated real activity, a negative relation between real
money demanded and the interest rate (b, < 0.0 in [1]) implies a
positive relation between the inflation rate and the change in the inter-
est rate in (2). Finally, money-demand theory says that a fall in antici-
pated real activity lowers the demand for real money, which, given
nominal money and the rate of interest, is accommodated by a rise in
the price level. In other words, controlling for variation in other vari-
ables, a positive relation between money and real activity in the
money-demand equation (b, > 0 in [1]) implies a negative relation
between the inflation rate and the anticipated growth rate of real
activity in (2). A major hypothesis of this paper is that this negative
relation between inflation and real activity, with real activity assumed
to cause inflation, is the key to the post-1953 phenomenon of
stagflation.

There is a long debate in the literature as to what is the appropriate
measure of real activity in the money-demand function. The original
quantity theory of Fisher and modern developments of inventory mod-
els of the transactions demand for money (e.g., Baumol 1952; Miller
and Orr 1966) call for a measure of real transactions in money. On the
other hand, Keynes (1936) and Friedman (1956) treat money as a
portfolio asset whose demand depends on wealth. In empirical appli-
cations, the difficulties in measuring wealth and transactions have
commonly led proponents of both approaches to use some measure of
income, for example, real GNP, as the activity variable in empirical
money-demand functions. The activity variables used here are real
GNP and industrial production.

There is also a long debate in the literature about what is appro-
priately called money. The transactions approach to money demand
leans toward those monetary aggregates, for example, currency and
demand deposits, that are used in exchange. Friedman’s approach to
the demand for money as a portfolio asset leans toward a broader
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definition, including at least time deposits in addition to currency and
demand deposits. In contrast, Patinkin's (1961) analysis of price-level
determination suggests that if, as here, money-demand theory is used
to model the inflation process, a narrow definition of money is appro-
priate. Fama’s (1980) application of Patinkin's model to U.S. monetary
institutions indicates that the relevant monetary aggregate is the base,
that is, currency plus the zero interest reserves held by banks against
deposits. We consider these arguments in detail later, after having
established that base growth rates consistently dominate the growth
rates of demand deposits or M1 (currency plus demand deposits) in the
inflation regressions.

II. Some Perspective

Money-demand theory is sufficiently flexible to be consistent with dif-
ferent stories concerning which of the variables in (1) and (2) are endog-
enous or exogenous. The simple quantity theory viewpoint taken here
treats real activity as exogenous. This presumption is implicit in most
of the empirical money-demand literature since real activity measures
are generally used as explanatory variables. There is, however, a
segment of the literature, motivated by the work of Friedman (1968),
which argues for feedback from the monetary sector to real activity.
For example, in the rational-expectations model of Lucas (1972), un-
expected monetary shocks impulse real activity. This hypothesis leads
to empirical work (e.g., Barro 1978) in which real activity is the de-
pendent variable in regressions that are entirely in the spirit of money-
demand theory.

In the classical quantity theory and in the modern quantity theory
that has evolved from the work of Friedman (1956), money is treated as
exogenous and inflation as endogenous. However, there are models,
like those of Black (1972) or even Keynes (1936), that are in the spirit of
money-demand theory but in which inflation and real activity are
largely exogenous to the monetary sector while money is endogenous.
Finally, there are many models and much empirical work (e.g., Mish-
kin 1981) in which the interest rate is endogenous to the monetary
sector because it is in part determined by money growth rates or by
expectations of inflation.

Being somewhat of an inexact science, macroeconomics often puts
us in the position of learning something from different models which, in
a strict sense, are mutually inconsistent. This is the case with respect to
the different views of money-demand theory outlined above. We have
learned much about money demand from the many direct estimates of
(1) in the money-demand literature; and, regardless of quarrels over
details, we learn something about the interrelations among output,
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interest rates, and money from the work of Barro (1978) and Mishkin
(1981).

This is the spirit in which I would like the reader to judge the
empirical work below. A simplified quantity theory in which real activ-
ity and money are assumed to be exogenous with respect to inflation is
used to provide theoretical justification for regression estimates of
inflation equations. The goal is not to test whether the model is exact in
its details (like any model, it surely is not) but rather to examine how
far such a simple view can carry us toward a description of inflation. At
a minimum, the exercise is worthwhile if it teaches us something about
systematic empirical relations even though, like any such empirical
analysis, it cannot resolve all issues with respect to causation.

For example, if one interprets (2) as a legitimate inflation function,
the regression estimates lead to an explanation of stagflation with
definite causal features. However, even interpreted as an exercise in
multiple correlation and thus devoid of causal overtones, the estimates
of (2) uncover relations among inflation, money, and real activity which
are consistent with any version of money-demand theory and which
manifest themselves as the phenomenon of stagflation.

IIl. Annual Inflation, Output, and Money

A. The Data

Table 1 shows summary statistics (autocorrelations, means, and stan-
dard deviations) for the variables used in estimating the inflation
model on annual data for the post-1953 period. The variable I; is the
inflation rate from December of year t — 1 to December of year t as
calculated from the seasonally unadjusted U.S. Consumer Price Index

TABLE 1 Summary Statistics for Annual Data: 1953-77

Variable P P2 Ps P4 Ps X s(x)
I; 72 41 37 .36 28 034 028
BG, 73 67 .59 46 33 046 031
DDG, 30 .07 .26 42 27 037 024
MIG, .50 33 45 S1 .36 039 024
DRGNP, -.03 —.24 —.07 .26 —.06 .032 .025
DPR, -.09 —.42 A3 .20 —15 037 .059
DTB, -.01 —.46 —22 25 03 001 .013

NoTE.—The variable I, is the inflation rate for year t; BG,, DDG, and M1G, are the growth rates of
the base, demand deposits, and M1; DRGNP, and DPR, are the growth rates of real GNP and
industrial production; DTB, is the change from the end-of-year t — 1 to the end of year t in the
annualized, continuously compounded rate of interest on a three-month Treasury bill. The table shows
the sample mean of each variable, X, its standard deviation, s(x), and five autocorrelations, p,. Under
the hypothesis that the population autocorrelations are zero, the standard error of the sample
autocorrelations is about .20.
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(CPI). The variables BG;, M1G;, and DDG, are, respectively, the
December-December growth rates of the monetary base, M1, and the
demand deposit component of M1, all calculated from seasonally un-
adjusted data provided by the Federal Reserve Bank of St. Louis. The
variable DPR, is the growth rate of the Federal Reserve Board's
seasonally unadjusted Industrial Production Index (IPI) from De-
cember of year t — 1 to December of year t, and DRGNP, is the growth
rate of total annual real GNP (nominal GNP adjusted by the GNP
deflator) from year t — 1 to year t. Note that the industrial produc-
tion growth rate, like the three money growth rates, is based on
December-December monthly data, whereas the real GNP growth rate
is based on annual totals. One can argue for either sort of measure, but
the results do not indicate that the choice is important. Finally, DTB, is
the change in the annualized continuously compounded rate of interest
on a 3-month Treasury bill observed at the end of yearst — 1 and t. The
Treasury bill rates are from the quote sheets of Salomon Brothers and
are described in more detail in Fama (1976a, chap. 6).

Several features of the autocorrelations in table 1 are of interest. The
autocorrelations of DPR, and DRGNP, the growth rates of industrial
production and real GNP, are close to 0.0, as are the autocorrelations
of the change in the interest rate, DTB,. On the other hand, the inflation
rate, I;, and the growth rates of the monetary aggregates, BG,, DDG,,
and MI1G,, have substantial autocorrelations which show little ten-
dency to decay toward zero at longer lags. Thus, even the differenced
forms of the money and price variables may be mean nonstationary.
When inflation regressions are estimated, it will be important to check
that the regressions succeed in transforming the inflation rates into
stationary residuals.

Moreover, the autocorrelations in table 1 imply that, if the inflation
regressions are to transform the highly autocorrelated inflation rates
into stationary residuals, the task falls largely on money growth rates,
since the other explanatory variables in (2), the change in the interest
rate and the growth rates of real activity, show little autocorrelation.
Note also that, of the three money growth rates, the autocorrelations of
the base growth rate are most similar to those of the inflation rate.

B. The Inflation Regressions

Table 2 shows the estimates of annual inflation regressions. The first
important issue for model specification addressed in these tests is the
dating of the explanatory variables in the inflation process. Theory is
far from silent on the matter.

1. Statistical hypotheses. The rational-expectations view of the
transactions model of money demand predicts that real money is de-
manded at time t to accommodate real transactions expected in the
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near future. Thus, money demand is forward-looking with respect to
real activity. Real money demanded at t also depends on the opportu-
nity cost of money (the nominal interest rate) observed at t. Con-
versely, when the money-demand model is viewed as a model of
inflation, the hypotheses are that the inflation rate from t — 1 to t
depends positively on the actual rate of change of money and the
change in the interest rate from t — 1 to t and negatively on the
expected rates of change of real activity from t — 1 to t and from t to
t + 1. Thus, like the rational-expectations-money-demand model from
which it derives, the inflation model is forward-looking with respect to
the effects of real activity.

The role of the nominal interest rate in the hypotheses about the
specification of the inflation equation warrants amplification. The one-
period interest rate set by a rational bond market at time t is a complete
measure of the opportunity cost of holding a unit of (noninterest-
bearing) nominal money from t to t + 1. This opportunity cost
contains two components: the equilibrium expected real return from t
tot + 1 on a one-period bond which is as risk free in nominal terms as a
unit of money, and the rationally assessed expected inflation rate from t
tot + 1. The expected inflation rate, in turn, depends on the price level
for goods set at t and the expected value at t of the price level to be set
att + 1.

Since the bond market is assumed to be rational, it understands that
the price level at t + 1 will be determined by the money supply and
interest rate observed at t + 1 and by expectations of real activity from
t+ 1tot+ 2. The bond market uses these rational expectations about
price-level determination in assessing the expected value at t of the
price level to be determined at t + 1. Through this process, the interest
rate set at t captures the information about money growth beyond time
t and real activity growth beyond time t + 1 which is relevant in setting
the price level at time t. In short, in terms of the inflation equation, the
hypothesis is that only actual money growth from t — 1 to t and
expected real activity growth fromt — 1tot and from ttot + 1 are
directly relevant in determining the inflation rate fromt — 1 to t. The
effects of expectations of money and real activity growth rates further
into the future are captured by the change in the interest rate fromt — 1
to t.

The interest rate and price level set at time t are, of course, simul-
taneously determined. Moreover, the money-demand model says that
the price level depends on the interest rate. The interest rate is in turn
related to the price level set at t but only algebraically; that is, to
transform its expectation of the price level at t + 1 into an expected
inflation rate, the bond market needs the price level set at t. However,
there is no information in the price level set at t which is needed by a
rational or efficient bond market to assess the expected price level for
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t + 1. The market understands the money-demand-quantity-theory
model which will generate the price level at t + 1. It uses this model
directly to assess the expected future price level which, with the datum
provided by the current price level, determines the expected inflation
rate built into the interest rate at t. This is the sense of the earlier
statement that the interest rate set at t is largely exogenous with respect
to the price level set at t, so that not much harm is done in treating the
change in the interest rate as an exogenous variable in the inflation
regressions.

2. Inflation and the change in the interest rate. Judging that some
readers might be piqued by this analysis, we can note quickly that the
data resolve any potential quarrels over the exogeneity of the change in
the interest rate. Thus, in most alternative stories for the interest rate,
any causation proposed from the inflation rate to the change in the
interest rate generally reinforces the positive causal relation from
the change in the interest rate to the inflation rate hypothesized by the
model proposed here. However, regressions (1) and (5) of table 2
produce estimated coefficients for the change in the interest rate,
DTB,, which are about 1 SE from zero. Coefficients for DTB, which are
randomly positive and negative and generally less than 1 SE from zero
were also observed in regressions (not shown) in which the growth
rates of M1 or demand deposits are substituted for the growth rates of
the base that appear in regressions (1) and (5). These results corre-
spond to the general finding in the money-demand literature that the
interest rate is the weakest variable in empirical money-demand
equations.

The absence of statistically reliable interest rate effects is not neces-
sarily a contradiction of the money-demand model. The surges of
inflation or deflation that should be produced by changes in the interest
rate may not be measurable simply because annual interest rate
changes have low variability (table 1) relative to the annual inflation
rate and the other explanatory variables in the inflation regression.
Moreover, looking forward a bit, we find that the low variability of
interest rate changes is even more evident in the monthly and quarterly
data (table 4), giving us little hope of finding reliable interest rate effects
in the tests for these shorter differencing intervals.

The absence of measurable interest rate effects produces another
interesting result. Our model predicts that the growth rate of money
beyond time t should have no marginal explanatory power with respect
to the inflation rate, I;, when the change in the interest rate, DTB,, is
included in the inflation regressions. This hypothesis is confirmed by
the estimated coefficients of the future base growth rate BG.., in
regressions (1) and (5). However, since no reliable interest rate effects
are observed, it is not surprising that, when DTB; is dropped in regres-
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sions (2) and (6), this does not produce the reliably positive coefficients
for BG,., which would be predicted by the model. Indeed, regressions
(2), (3), (6), and (7) show that all coefficients of other variables change
very little when both DTB, and BG,., are dropped from the estimated
inflation models. These results were confirmed in preliminary regres-
sions in which the growth rates of M1 or demand deposits replaced
those of the base.

3. Inflation and money. We turn next to the measured effects of
current and past money growth rates in the inflation regressions of
table 2. In regressions (1)-(12), all estimated coefficients of current and
past money growth rates are positive, and all coefficients of the base
and M1 growth rates are more than 2 SE from zero. More interesting is
the finding that the growth rates of the monetary base dominate the
growth rates of demand deposits and M1 in the explanation of inflation.
The coefficients of base growth rates in regressions (3) and (7) have
larger ¢-statistics and contribute more to explanatory power than the
growth rates of demand deposits or M1 in the otherwise identical
regressions (9)-(12). Moreover, unlike regressions (3) and (7), which
show little evidence of residual autocorrelation, regressions (9)—(12)
indicate that using demand deposit or M1 growth rates as monetary
explanatory variables does not succeed in transforming the highly
autocorrelated annual inflation rates into white-noise residuals.

The strongest evidence that the base growth rate is the relevant
monetary measure for describing inflation comes from regressions (13)
and (14), in which demand deposit or M1 growth rates are used as
explanatory variables in combination with base growth rates. In spite
of potentially serious problems with multicollinearity, neither demand
deposit nor M1 growth rates have much effect on the coefficients of
base growth rates, and in all cases the coefficients of demand deposit
and M1 growth rates are less than 1.0 SE from zero. Similar results
were observed in preliminary regressions in which growth rates of real
GNP were used in place of industrial production growth rates and in
regressions in which lagged values of money growth rates were de-
leted. We make much of these results on the dominance of the base
after we observe the corroborating evidence to be provided by the
monthly and quarterly data.

There are, however, two important respects in which the estimated
coefficients of base growth rates do not conform to the predictions of
our model. First, the inflation rate for year t, I;, does not seem to
depend only on the contemporaneous growth rate of the base, BG;;
the lagged base growth rate, BG,_,, always has marginal explanatory
power.' Second, the sum of the estimated coefficients of current and

1. Preliminary regressions indicated that additional lags of the base or of other mone-
tary growth rates do not contribute to the explanatory power of the inflation regressions.
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lagged base growth rates is generally about .7, which is rather far from
the one-for-one relation between money growth and inflation hy-
pothesized by the model.

There are several possible explanations for these countertheoretical
results, and the explanations are not mutually exclusive. There may be
a lag in the response of prices of goods to information about the
nominal quantity of money, thus producing a significant relation be-
tween past money growth rates and current inflation. In other words,
real money demand and its effects on the pricing of consumption goods
are not so completely rational as our model pretends. It is also possible
that money growth rates are not so completely exogenous with respect
to inflation as the model pretends. Finally, money growth rates may be
measured with error. Given the evidence in table 1 that successive
money growth rates are highly correlated and evidence to be presented
shortly that the correlations between money and real activity growth
rates are low, then either measurement error or endogeneity of money
growth rates can produce downward bias in the estimated effect of
money growth rates on inflation and a smearing of the effect of the
current money growth rate over the most recent past growth rate.

The measurement error explanation is plausible for the base growth
rate. The time series for the base (from the Federal Reserve Bank of St.
Louis) is adjusted for changes in reserve requirements. Without going
into the exact details, reported reserves are, for example, approxi-
mately doubled when the reserve requirement is cut in half. Under the
presumption that the demand for reserves is derived from the demand
for deposits, such an adjustment is in the right direction. However,
only under rather extreme assumptions is it exactly the adjustment
needed to neutralize the effects of changes in reserve requirements on
the demand for measured reserves and thus on the relation between the
price level and the base.

Thus, adjusting reported reserves in the manner described above
implicitly assumes that a change in reserve requirements does not
affect the demand for a given level of deposits, so that the demand for
reserves is cut in half when the reserve requirement is cut in half. In
this situation, the price level will remain unchanged only if actual
reserves are also cut in half. An unchanged demand for deposits im-
plies, however, that returns paid to depositors—either service returns
or money returns—are not affected by changes in reserve require-
ments. This will not be the case if the banking sector is at all competi-
tive. When changes in reserve requirements are passed on as changes
in returns paid to depositors, demand for deposits will shift upward
when reserve requirements are cut and the demand for reserves will fall
by less than the fall in reserve requirements. In this situation, the
adjustments in the measured reserve series will not neutralize the
effects of changes in reserve requirements on the demand for reserves.
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The consequent shifting functional relation between the measured base
and the price level then acts like errors in the base in the inflation
regressions.

Some of the results in table 2 are consistent with the measurement
error argument. Regressions (4) and (8) show that suppressing the
lagged base growth rate causes the apparent effect of BG_; on I; to be
largely subsumed by the coefficient of BGy; that is, the coefficients of
BG, in regressions (4) and (8) are approximately the sum of the
coefficients of BG, and BG,_, in (3) and (7), and explanatory power (R?)
falls only slightly when BG;_, is dropped. Note also that the sums of the
coefficients of M1G, and M1G;_, or DDG; and DDG;_, in regressions
(9)-(12) are closer to the theoretical value 1.0 than the sums of the
coefficients of BG,; and BG,_, in regressions (3) and (7). This could be
due to the fact that M1 and demand deposits are less subject to the
adjustment errors built into the base. On the other hand, there is still
some smearing of the effects of current money growth over past growth
rates in regressions (9)-(12). This might be explained by the evidence
in regressions (13) and (14) that the base is the relevant monetary
aggregate in the inflation process, so that M1 and demand deposit
growth rates are subject to measurement error as proxies for the more
relevant true base growth rates.

4. Inflation and real activity. We come finally to the estimated
coefficients of real activity growth rates in the inflation regressions.
Note first that, in a rational-expectations view of money demand, there
is nothing strange in the finding that current inflation is caused by
future real activity. The logic of the model is that real money demanded
and thus inflation adjust to anticipations of real activity. Somewhat
more difficult to explain is the apparent significant relation between last
year’s rate of growth of industrial production, DPR,_,, and this year’s
inflation rate, I;. One possibility is that industrial production does not
correspond to the real transactions measure that would be appropriate
in a transactions-oriented view of money demand. Specifically, the
transactions associated with some portion of industrial production may
occur subsequent to production. In this respect, we can note that
industrial production leads real GNP (the correlations of DPR; with
DRGNP,_,, DRGNP,, and DRGNP,,, are —.27, .55, and .61, respec-
tively). Moreover, only current and future growth rates of real GNP
have reliably nonzero regression coefficients in the inflation regres-
sions (5) and (6) of table 2 in which real GNP growth rates are used as
real activity measures. In any case, the estimated coefficients of past
industrial production growth rates are always much less significant
than those of the current and future growth rates.

Other comparisons of industrial production and real GNP growth
rates as real activity measures in the inflation regressions are of inter-
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est. The sum of the estimated coefficients of DRGNP, and DRGNP,.,,
which corresponds to the negative of the ‘‘income’’ elasticity of the
demand for money in equation (1), is generally about — 1.0, whereas the
sum of the coefficients of DPR,_,, DRP,, and DPR,, is about —.50. In
other words, the elasticity estimate depends on the real activity mea-
sure used. Note also that real GNP growth rates seem to have more
explanatory power than industrial production growth rates in other-
wise identical regressions, for example, regressions (3) and (7), but the
industrial production growth rates seem to produce lower residual
autocorrelations. On the basis of statistical specification, industrial
production seems slightly preferable to real GNP as a real activity
measure in the inflation regressions.

Finally, an important shortcoming of the tests is the use of actual
growth rates of real activity instead of the anticipated growth rates
called for by the model. Under the presumption that the anticipations
of future real activity on which current money demand is based are
fully rational, what we would like are the conditional expected values
of future real activity from the true structural model of the business
cycle. This holy grail of macroeconomics is more than a bit beyond the
range of this paper. Moreover, given the evidence in table 1 that the
annual growth rates of industrial production and real GNP are close to
white noise, developing models for the expected future growth rates
from the information in the time series of past growth rates is not a
viable solution to the problem.”

On the other hand, the fact that future rates of change of real activity
cannot be predicted from current and past rates of change does not
imply that future real activity is unpredictable. Fama (1981) reports
that the correlation between this year’s real return on common stocks,
RS;, and next year’s rate of change of real GNP, DRGNP,,,, is about
.8, suggesting that the stock market does fairly well in forecasting
future real activity.® Indeed, for those who are bothered by inflation

2. If we had a candidate structural model for the expected rate of change of future real
activity, we could test the proposition that real activity is exogenous to the monetary
sector. In the Sims (1972)-Geweke (1978) framework, the implication of the exogeneity
proposition is that the expected future rate of change of real activity is a function only of
current and past variables which are exogenous to the monetary sector. Thus, when the
rate of change of future real activity is regressed on the current and past values of these
exogenous variables and on current and past measures of the variables that are endoge-
nous to the monetary sector (inflation and money growth), the latter should have no
marginal explanatory power. However, the model is almost sure to flunk this test when it
is true, and markets are in fact characterized by rational expectations. In particular, since
we are not likely to turn up all of the exogenous variables and the exact structural model
which are relevant in explaining the rate of growth of future real activity, the past
inflation rate set by a rational market for goods will almost surely seem to have marginal
explanatory power in the Sims-Geweke tests.

3. The variable RS, is the nominal continuously compounded return for year t on a
value-weighted portfolio of NYSE stocks (from the Center for Research in Security
Prices of the University of Chicago) less the CPI inflation rate for year t.
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regressions that include future rates of change of real activity as explan-
atory variables, regressions (16) and (18) of table 2 show that replac-
ing DPR,,, and DRGNP, , in regressions (3) and (7) with the current
real stock return, RS,, produces significant negative coefficients for
RS,; that is, the current real stock return does a decent job in proxying
for anticipations of future real activity. However, regressions (15) and
(17) suggest that the future rates of change of real activity are better
proxies than the current real stock return for the anticipations of future
real activity built into the pricing of goods; that is, RS, has no marginal
explanatory power when added to inflation regressions that also in-
clude DPR,,, or DRGNP;,., as explanatory variables.

In short, it is best to regard the past, current, and future growth rates
of output that appear as explanatory variables in the inflation regres-
sions as together proxying for the relations between inflation and
anticipations of real activity predicted by the rational-expectations
version of the money-demand-quantity-theory model. The implied
measurement error problems prevent us from putting much emphasis
on the specific estimate values of the real activity coefficients, but the
evidence nevertheless seems strong that the inflation—real activity re-
lations have the predicted negative sign, and this conclusion is later
corroborated by the monthly and quarterly data. Such results seem
rather damaging for the widely accepted belief that the inflation rate
can be lowered by policies that discourage real activity.

C. Stagflation

The negative relation between inflation and real activity predicted by
the money-demand model and documented in the regressions of table 2
is negative partial correlation. However, the cross-correlations in table
3 show that, during the post-1953 period, the inflation rate has the
negative simple correlations with current and future growth rates of
industrial production and real GNP which are implied by the term
stagflation.

TABLE 3 Cross-Correlations: 1953-77
T
x'.' er T =] | 0 +1
[I DRGNP|+7 .14 _.26 = 45
DPR;. . .09 — 38 =.33
BG, DRGNP, .03 .05 5 b
DPR,.. —.04 .20 -.03

NoTe.—The table shows cross-correlations between the value of the variable X for year t and the
value of the variable Y for year t + 7. The variable I, is the inflation rate for year t; BG, is the base
growth rate; DPR, is the rate of growth of industrial production; and DRGNP, is the rate of growth of
real GNP.




216 Journal of Business

Moreover, table 3 provides evidence on why the negative partial
correlation between inflation and real activity also shows up as nega-
tive simple correlation. In addition to real activity growth rates, the
important explanatory variable in the inflation regressions is the growth
rate of the monetary base, which has a strong positive relation with
inflation. In terms of these regressions, transforming the observed
negative partial correlations between inflation and real activity into
positive simple correlations would require strong positive correlations
between the base growth rate and real activity growth rates. Table 3
indicates, however, that the actual correlations are small and not even
systematically positive.

Since the base is presumably the monetary measure most directly
under the control of the monetary authorities, explanation of the ab-
sence of simple relations between the base and real activity growth
rates during the post-1953 period is an interesting topic for future
research. It is well to note, however, that this finding does not imply
the absence of relations between real money growth rates and real
activity growth rates in the money-demand equation (1). In fact, esti-
mates of (1) yield strong positive relations between real money and real
activity growth rates which, as the theory predicts, are symmetric to
the negative real activity—inflation relations observed in the estimates
of (2). The explanation implied by our model is that changes in real
money demanded in response to real activity are largely accommo-
dated through inflation rather than through nominal money growth.

It is also well to note that although we interpret the inflation—real
activity relations in terms of real activity causing inflation, there are
many stories in the macroeconomics literature (e.g., Friedman 1968;
Lucas 1972; Barro 1978) which propose lines of causation from inflation
(and money) to real activity. However, the more popular stories are
variants of the Phillips curve in which the proposed inflation-output
relations are positive. The negative relations between inflation and real
activity documented in tables 2 and 3 seem more consistent with a
simple money-demand-quantity-theory world, in which increases in
anticipated real activity cause increases in real money demanded,
which, empirically, are not satisfied by nominal money growth and so
must be accommodated by opposite movements in prices.

Finally, the negative relations between inflation and real activity
analyzed above suggest an explanation for the previously puzzling
evidence (see, e.g., Bodie 1976; Jaffe and Mandelker 1976; Nelson
1976; Fama and Schwert 1977) that common stock returns and inflation
rates have been negatively related during the post-1953 period. Since
common stock returns respond positively to information about real
activity, negative simple relations between stock returns and inflation
may be induced by the negative real activity—inflation relations
documented here. This line of argument is pursued empirically in Fama
(1981), and much success is claimed.
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IV. Short-Term Inflation, Output, and Money

Estimating inflation equations on annual data avoids any problems that
might be caused by the seasonals in money and real activity growth
rates. However, use of annual data has disadvantages. For example,
the sample size for parameter estimates is small. Perhaps more impor-
tant, unless the monetary authorities have a somewhat perverse at-
titude toward money supply, the seasonals in money are the conse-
quence of money demand and should be explained by any good
money-demand model. In the previous empirical literature, when
money-demand equations are estimated on data for intervals shorter
than a year, seasonally adjusted data are generally used (see, e.g.,
Goldfeld [1973], who gives many references to earlier work).

A. The Seasonal Behavior of Money and Real Activity

Table 4 documents the seasonals in the unadjusted monthly and quar-
terly versions of the money and real activity growth rates of table 1.
The three money growth rates, BG;, DDG, and M1G,, and the two real
activity growth rates, DRGNP, and DPR,, have strong annual season-
als, that is, large autocorrelations, p,, at lags 12, 24, 36, and 48 in the
monthly data and at lags 4, 8, 12 and 16 in the quarterly data. The only
variables that do not show strong annual seasonals are the inflation
rate, I;, and the change in the interest rate, DTB,. As in the annual data,
interest rate changes show little evidence of autocorrelation, while the
autocorrelations of monthly and quarterly inflation rates are positive,
large, and decay slowly toward zero at higher-order lags.

The last two columns of table 4 show the standard deviations of the
monthly or quarterly growth rates of the variables, s(x), and the
standard deviations of the seasonal differences of the monthly or
quarterly growth rates, s(S.D.). The seasonal difference of a variable is
its growth rate for this month or quarter minus that for the same month
or quarter 1 year ago. The standard deviations of the seasonally dif-
ferenced monthly and quarterly money growth rates are about one-
third those of the corresponding growth rates themselves, which is
direct evidence that seasonals account for most of the short-term
variation in money growth. If we assume that these seasonals are the
consequence of money demand, they pose serious questions about
models, like those of Friedman (1956) and Keynes (1936), that treat
money as a portfolio asset whose demand depends primarily on non-
seasonal variables like real wealth or permanent income.

B. The Unmet Challenge

In terms of equation (1), a well-specified money-demand function in-
volves explaining the highly seasonal real money growth rates in terms
of correspondingly seasonal measures of real activity. In preliminary
estimates of (1), a direct measure of transactions, real debits to demand
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deposits, explained a substantial portion of the seasonal variation in
monthly money growth rates, and the seasonals in quarterly money
growth rates were explained in large part by seasonals in the growth
rates of real GNP. However, the regressions left substantial seasonal
variation in money growth rates unexplained—to the extent that naive
forecasts that current monthly or quarterly money growth rates will be
equal to those observed for the same period 1 year ago typically did
well relative to the conditional expected growth rates provided by the
money-demand regressions.

Since the seasonals in the available measures of real activity do not
fully capture the seasonals in money, it is not surprising that, using
monthly or quarterly data to estimate the inflation, equation (2) is
unsuccessful. In particular, direct estimates of monthly and quarterly
inflation regressions with monthly and quarterly explanatory variables
generally produce residuals that are highly autocorrelated, much in the
manner of the inflation rate itself.

C. Inflation Regressions with Annual Money and Real Activity
Growth Rates as Explanatory Variables

The fact that inflation rates have weak seasonals suggests that the
strong seasonals in money and real activity growth rates have little to
do with inflation. When one is estimating inflation regressions, it makes
sense as a practical matter (i.e., in the absence of measures of real
activity that successfully absorb the seasonals in money) to first net out
the seasonals in money and real activity. Our simple method of sea-
sonal adjustment is to use annual rather than monthly or quarterly
growth rates of money and real activity. For example, in regression (1)
of table 5, the seasonally unadjusted inflation rate for month t, I, is
regressed on the base growth rate, BGy, for the year ending in month t,
the growth rate of industrial production for the year ending in month t,
DPR,, and the growth rate of industrial production for the following
year, DPR;,,. We are, however, estimating monthly and quarterly
inflation models. Data on the inflation rate for all months (quarters) of
the 1954-76 period (1953 is lost in calculating the first value of BG,, and
1977 is lost in calculating the last value of DPR,,;;) are used, thus
implying substantial overlap in successive monthly (quarterly) obser-
vations of the annual explanatory variables.

Since short-term inflation rates are explained in terms of annual
growth rates of the base and industrial production, the coefficients in
the monthly and quarterly regressions must be multiplied by 12 and 4 to
estimate the elasticities of monthly and quarterly inflation rates with
respect to the average monthly and quarterly growth rates of money
and real activity. When this is done, the elasticities from the monthly
and quarterly regressions are almost identical and are quite similar to
those observed in the annual data. For example, the estimated elastic-
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ity of the monthly inflation rate with respect to the average monthly
growth rate of the base in regression (1) of table 5 is .059 x 12 = .71.
This is almost identical with the estimated elasticity .173 X 4 = .69
observed in the corresponding quarterly regression (8) and is identical
with the combined elasticity, .71, for the current and past base growth
rates observed in the annual inflation regression (3) of table 2.

None of the inflation regressions in table 5 includes interest rate
changes as explanatory variables, reflecting the fact that, in prelimi-
nary regressions, monthly and quarterly changes in interest rates never
had marginal explanatory power. As in the annual data, the quarterly
regressions (7) and (8) of table 5 show that the growth rates of real GNP
work about as well as the industrial production growth rates in de-
scribing the quarterly inflation rate. In the remaining quarterly inflation
regressions, we use one or the other of these activity variables, de-
pending on which performs better (but always slightly better) when
combined with different specific money growth rates.

The monthly and quarterly inflation regressions support the same
substantive conclusions as the annual regressions. Strong negative
relations between inflation and real activity are again observed, thus
reinforcing the analysis of stagflation in the annual data. Again, these
results run counter to the common belief that discouraging real activity
is likely to produce lower inflation.

As in the annual regressions, the growth rate of the base provides
better specified models for monthly and quarterly inflation than de-
mand deposit or M1 growth rates. Regression (1), which uses BG; as
monetary explanatory variable, describes more of the variation in the
monthly inflation rate than regressions (2) and (3), which use DDG; and
MIG,. The same conclusion follows from the quarterly regressions
(7)-(10). Moreover, few of the residual autocorrelations for the
monthly and quarterly regressions (1), (7), and (8) that use BG, as
monetary explanatory variable are reliably different from zero. Thus,
these regressions succeed in transforming the monthly and quarterly
inflation rates, which have large, slowly decaying autocorrelations,
into time series of residuals that behave more like white noise. In
contrast, as in the annual data, the monthly and quarterly inflation
models based on DDG,; or M1G; do not do well in absorbing the
autocorrelations of the inflation rate.

Most impressive, regressions (5), (6), (12), and (13) of table 5 show
that including DDG, or M1G;, as an additional monetary explanatory
variable has little effect on the estimated coefficient of BG, and pro-
duces trivial coefficients for DDG, or M1G,. This reinforces the evi-
dence on the dominance of the base obtained from the corresponding
annual regressions (13) and (14) of table 2. The implications of this
result for both policy and intellectual matters are considered later.

Finally, regressions (4) and (11) describe the monthly and quarterly
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inflation rates in terms of next year’s growth rate of the base, BGy, ,, as
well as last year’s growth rate, BG;. As in the annual data of table 2, the
estimated coefficients of the future base growth rate are trivial, and,
aside from the expected attenuation of z-statistics, inclusion of BGy, ;;
has little effect on the estimated coefficients of BG;.

V. The Quantity Theory versus Interest Rate Models of Inflation

The ex ante expected inflation rates built into interest rates are output
from the inflation model used by the bond market to set interest rates.
If we can establish that there is a close correspondence between these
market-assessed expected inflation rates and the conditional expected
inflation rates from the money-demand-quantity-theory regressions,
this will add credibility to the quantity-theory viewpoint that the
money-demand function provides a model for inflation.

A. Interest Rates and Expected Inflation Rates

Irving Fisher (1930) shows that the one-period interest rate, TB,,,
observed at the end of period t — 1 can be broken into an expected real
return for period t, ER,_,, and an expected inflation rate, EI,_,:

TBi, = ERy; + El,, (3)
or

El,, = — ERi-; + TB.,. (4)

The inflation rate for period t, I;, can then be expressed as

I, = — ER_; + TBi; + 7, (5)
where 7, is unexpected inflation.

Given a model of bond market equilibrium that renders the ex ante
expected real return ER,_, observable and a bond market that makes
rational assessments of expected inflation, (5) can be used to divide an
ex post inflation rate into expected and unexpected components. For
example, Fama (1975) hypothesizes a rational bond market in which
the equilibrium expected real return is constant through time and then
estimates time series regressions of ex post inflation rates on ex ante
interest rates; that is,

Iy = a + BTB-, + 7. (6)

If the expected real return in (5) is constant, and if in assessing the
expected inflation rate the market uses at least the information in past
inflation rates, then the intercept « in (6) is the negative of the constant
expected real return, the coefficient 8 of the interest rate is 1.0, and the
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regression should transform the autocorrelation in the inflation rates I,
into white-noise disturbances 7,. Fama (1975) reports that these
hypotheses stand up well in data for 1-6-month inflation and interest
rates for the 1953-71 period. However, Hess and Bicksler (1975),
Fama (1976b), Nelson and Schwert (1977), and Garbade and Wachtel
(1978) document a small amount of variation in expected real returns
on bills during the 1953-71 period. Their tests suggest an alternative
model for the post-1953 period in which the expected real return
behaves like a slow-moving random walk.

Following up on this evidence, Fama and Gibbons (1982) estimate
the inflation-interest rate regression

Iy = ay + BTBy; + My (7)

with a procedure, developed by Craig Ansley (1980), which presumes
that the regression intercept «, ,—the negative of the expected real
return ER,_, in (5)—follows a random walk. We leave detailed discus-
sion of the approach to Fama and Gibbons; suffice it to say that this
model succeeds in the sense that it yields estimates of 3 that are close
to 1.0 (indeed constraining B to equal 1.0 yields models with smaller
residual standard errors than when the regressions are allowed to
determine (), and it transforms the highly autocorrelated inflation rates
into residuals that are indistinguishable from white noise.

The ‘‘wandering intercept’’ regressions estimated from monthly and
quarterly inflation and interest rates, and with interest rate coefficients
constrained to equal 1.0, are shown as models (2) and (7) in table 6. The
fitted values from these regressions, that is, «;_; + TB,_,, are henceforth
labeled EITB,_, and are our estimates of the ex ante monthly and
quarterly expected inflation rates built into one and three month inter-
est rates.*

4. Since the coefficient of the interest rate is constrained to equal 1.0, allowing a
random-walk intercept in an inflation-interest rate regression is equivalent to extracting a
random walk from the time series of the real return TB,_, — I,. That is, e, in regression
(2) or (7) is the negative of the monthly or quarterly estimated expected real return, and
the expected inflation rate, EITB,_, = &, + TB,-, = TB,_, — ER_,, is the Treasury bill
rate minus the random-walk expected real return. Without going into details, let us state
that the estimation of ER,., is based on a signal-extraction technique which uses the
entire sample (future and past) of real returns, TB,_, — 1;. Thus, although the interest rate
TB,—, is an ex ante variable, EITB,_; = TB,_;, — ER,_, is only an estimate of the ex ante
expected inflation rate, since it corrects the interest rate for an estimate of the ex ante
expected inflation rate return which uses all of the information in the sample. However,
Fama and Gibbons show that, although the wandering of expected real returns is
statistically reliable, it is small relative to the variation in either expected or unexpected
inflation rates. This is consistent with the findings of Hess and Bicksler (1975), Fama
(1976b), Nelson and Schwert (1977), and Garbade and Wachtel (1978). For present
purposes, the implication of these results is that correcting the ex ante Treasury bill rate,
TB,-,, with the estimated expected real return, ER,_,, yields an estimate of the ex ante
expected inflation rate, EITB,_,, whose variation is largely that of the ex ante interest
rate, TB,-,.
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Obtaining an annual expected inflation rate is less straightforward.
One-year Treasury bills were not issued regularly prior to 1964, and the
wandering intercept regression approach is of dubious value with the
small sample available from annual data. Fama and Gibbons (1982)
argue, however, that shorter-period expected inflation rates are close
to random walks so that annual expected inflation rates can be
obtained by annualizing the beginning-of-year monthly or quarterly
expected inflation rates. An example of this approach is model (12) in
table 6, which shows the regression of the ex post annual inflation rate
for year t on EITB,_,, the annualized, quarterly expected inflation rate.
This annual EITB,_, is just four times the quarterly expected inflation
rate, EITBy, = a4, + TBy—, for the first quarter of the year obtained
from regression (7). Regression (12) indicates that this annualized
EITB,;-, has good properties as an estimate of the annual ex ante
expected rate, and we henceforth use it as such. Its estimated regres-
sion coefficient is close to 1.0, and it absorbs about 86% of the sample
variance of the annual inflation rate. The only shortcoming of the
regression is a substantial negative second-order residual autocorrela-
tion.

B. The Relative Power of Money-Demand and Interest Rate
Forecasts of Inflation

Most of table 6 is concerned with how well the expected inflation rates
from the inflation—interest rate regressions compete against the condi-
tional expected inflation rates from the best of the monthly, quarterly,
and annual money-demand-quantity-theory models, repeated, for con-
venience, as regressions (1), (6), and (11) of table 6. Regressions (3),
(8), and (13) pit the fitted values or conditional expected inflation rates
from the money-demand inflation regressions, labeled EIMD,, against
the expected inflation rates, EITB,_,, from the Treasury bill rate mod-
els. Since the estimated coefficients of both EIMD, and EITB,., are
generally reliably different from zero, these regressions suggest that
both the money-demand and the Treasury bill rate models contain
information about inflation not included in the other.

The source of the marginal descriptive power of the money-demand
inflation equations is examined more closely in regressions (4), (5), (9),
(10), (14), and (15) of table 6. For example, in regression (9) all of the
explanatory variables of the quarterly money-demand inflation equa-
tion (the past annual growth rate of the base, BG,, and the past and
future annual growth rates of industrial production, DPR; and DPR,. ;;)
are included along with EITB,, the ex ante expected inflation rate from
the Treasury bill rate model. The coefficients of all variables have
substantial ¢-statistics, and similar results are observed in the corre-
sponding monthly and annual regressions (4) and (14). However, in
regressions (5), (9), and (15), where the future annual growth rate of
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industrial production is no longer included as an explanatory variable,
the expected inflation rates from the Treasury bill rate models domi-
nate the remaining variables from the money-demand inflation equa-
tions. In these regressions, the estimated coefficients of EITB;
are close to 1.0 and have enormous 7-statistics, but the coefficients of
current and past base and real activity growth rates are not reliably
different from zero.

In setting Treasury bill rates, an efficient or rational market would
not ignore historical information which is relevant for assessing ex-
pected inflation rates. Thus, the fact that the marginal descriptive
power of the money-demand inflation equations, relative to the fore-
casts of inflation provided by the interest rate models, can be attributed
to the future annual growth rate of real activity is comforting evidence
about the health of the Treasury bill market. Moreover, the market
seems to use information about future inflation which is not covered by
the money-demand-quantity-theory model, since the expected inflation
rates extracted from Treasury bill rates have marginal explanatory
power when put against either the fitted values or the separate explan-
atory variables of the money-demand inflation regressions.

Some subtleties in these conclusions about the efficiency of the
Treasury bill market are worth noting. From the viewpoint of our
rational-expectations version of the quantity theory, the fact that the
inflation rate for month, quarter, or year t is related to the rate of
growth of real activity for the following year suggests that markets for
goods make forecasts of future real activity which are then used in
setting current prices of goods. Moreover, it would seem that, in
determining the inflation rate, goods markets make better forecasts of
future real activity than the bill market; that is, future real activity has
marginal descriptive power in inflation regressions which also include
expected inflation rates extracted from Treasury bill rates as explan-
atory variables.

Note, however, that in setting the end-of-period prices of goods built
into the ex post inflation rate, I, for month, quarter, or year t, markets
for goods have the benefit of increasing amounts (specifically, a month,
quarter, or year) of information about future real activity which was
not available to the Treasury bill market in assessing ex ante expected
inflation rates, EITB,_,, at the beginning of the period. These increas-
ing amounts of information about future real activity are built into the
monthly, quarterly, and annual conditional expected inflation rates,
EIMD,, estimated from the money-demand models of inflation since
the latter explain the ex post inflation rate in part in terms of future
activity. Consistent with this story, as one passes through the monthly,
quarterly, and annual regressions (3), (8), and (13) of table 6, the
marginal explanatory power of EIMD,, the conditional expected
inflation rate from the money-demand inflation regression, increases
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systematically relative to that of EITB,_,, the expected rate extracted
from the ex ante interest rate.

For our purposes, however, the similarities between the assessments
of the expected inflation rate that come out of the money-demand and
Treasury bill rate models are more interesting than the differences. For
example, in the inflation regressions where the fitted values or explan-
atory variables of the money-demand regressions are included along
with the expected inflation rates from the Treasury bill rate models,
there is little if any increase in explanatory power beyond what is
observed when the models are viewed separately. The major effect of
combining the models is a general attenuation of estimated regression
coefficients, which suggests that the models, and by implication, the
markets for Treasury bills and consumption goods, are making similar
assessments of expected inflation rates. There is, however, more direct
evidence on this point. The correlation between the expected inflation
rates that come out of the monthly money-demand regression (1) and
the Treasury bill rate model (2) in table 6 is .91. The correlations
between the expected inflation rates from the corresponding quarterly
models (6) and (7) and the annual models (11) and (12) are .90 and .92.
More impressive, the correlation between the residuals or unexpected
inflation rates of the monthly money-demand and Treasury bill rate
models (1) and (2) is .90, while the correlation between the residuals of
the corresponding quarterly regressions (6) and (7) is .70.

The closer correlation between the residuals of the monthly inflation
models is consistent with the point made above that, in setting the ex
post monthly inflation rate, goods markets have only a month of infor-
mation about future real activity not available to the Treasury bill
market when it sets interest rates at the beginning of the month,
whereas the ending prices built into the quarterly inflation rate have the
benefit of 3 months of additional information. Since the ending prices
built into the annual inflation rate have the benefit of an additional year
of information about future real activity not available to the Treasury
bill market in setting interest rates at the beginning of the year, it is not
surprising that the correlation between the conditional unexpected
inflation rates from the annual money-demand model (11) and the
unexpected inflation rates from the Treasury bill rate model (12) is only
.33.

The strong information advantage given to the conditional expected
inflation rates of the annual money-demand model can be measured
directly. The residual or unexpected inflation rate from the monthly
Treasury bill rate regression (2), like the residual from the money-
demand regression (1), is uncorrelated with the following year’s indus-
trial production growth rate. In contrast, the residual from the annual
interest rate model (12) has correlation —.61 with next year's growth
rate of industrial production. However, DPR;,, is necessarily uncorre-
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lated with the residual from the annual money-demand regression (11)
in which it appears as an explanatory variable. The correlation —.61 is
a measure of the information about future real activity available to
price goods at the end of a year, which is included in the explanatory
power of the annual money-demand inflation regression but was not
available to the Treasury bill market to set interest rates at the begin-
ning of the year.

It is also well to note that the strong negative correlation between the
annual unexpected inflation rate that comes out of the Treasury bill
market and next year’s rate of growth of real activity is contrary to the
positive correlation between unexpected inflation and future output
hypothesized in the rational-expectations versions of the Phillips curve
(e.g., Lucas 1972; Barro 1978). Given the evidence from the monthly,
quarterly, and annual money-demand inflation regressions that ex-
pected inflation rates also show consistent negative relations with
current and future growth rates of real activity, all versions of the
Phillips curve model are difficult to reconcile with the behavior of
inflation and real activity during the post-1953 period.

VI. Conclusions and Policy Implications

In a world of efficient markets or rational expectations, interest rates
provide the best possible forecasts of inflation. From this viewpoint,
the finding that the monthly and quarterly money-demand-quantity-
theory regressions replicate the forecasts of inflation extracted from 1-
and 3-month interest rates lends credence to the hypothesis that the
money-demand model can be viewed as a model for inflation. Indeed,
the results suggest that the simple quantity-theory model in which real
activity and money are presumed to be exogenous with respect to
inflation may be close to the best one can do in modeling the inflation
process during the post-1953 period. It is in this aggressive spirit that
we now review the results of this paper and their implications.
Monthly, quarterly, and annual data consistently support the
money-demand-quantity-theory proposition that, controlling for the
variation in nominal money growth rates, there are strong negative
relations between real activity growth rates and inflation. The absence
of systematic positive correlations between money and real activity
growth rates then causes the negative partial correlations between real
activity growth rates and inflation to show up as negative simple
correlations—the phenomenon of stagflation. When one treats real
activity as exogenous, stagflation is a consequence of the fact that most
of the variation in real money demand in response to variation in real
activity is accommodated through inflation rather than through nominal
money growth. For both policy and intellectual purposes, the negative
inflation—real activity relations observed so consistently call into ques-
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tion the common belief, founded in the many variants of the Phillips
curve, that the trade-offs between inflation and real activity growth
rates are positive.

Perhaps the most important result of this paper is the consistent
finding that the base is the relevant variable in the inflation process,
thoroughly dominating demand deposits or M1. Moreover, as sug-
gested earlier, the dominance of the base has strong theoretical
foundations. Patinkin (1961) shows that fixing an equilibrium real value
for a nominal unit of account (a dollar) involves (i) fixing the supply of a
nominal asset which has a well-defined demand function and for which
there is no perfect substitute, and (ii) fixing the interest rate on the asset
at less than its free-market value. In the U.S. system, the two main
nominal assets on which interest rates are fixed (at zero) and which are
supplied directly by the monetary authorities are currency and the
reserves banks are forced to hold against various kinds of deposits.
Interest rates on demand deposits and some time deposits are also fixed
below free-market levels. However, since the split of reserves among
various kinds of deposits is determined by demand, the control of the
monetary authorities over the supply of deposits is indirect and incom-
plete.

Currency and the transactions services provided by deposits are
substitutes but not perfect substitutes as methods of executing trans-
actions. Thus, currency and reserves have separate demand functions.
Patinkin’s analysis then implies that the price level can be controlled by
controlling the nominal supply of currency alone. The government
could follow a passive policy with respect to reserves, allowing banks
to exchange securities (but not currency) for reserves on demand. The
reserve requirement is then just a proportional tax on deposit returns
which does not imply a need to control the level of either reserves or
deposits in order to control the price level. Alternatively, since cur-
rency and reserves have separate demand functions, the real value of
the dollar could be controlled by controlling the nominal quantity of
reserves but following a passive policy with respect to currency, that
is, allowing banks to exchange currency for ordinary securities (but not
reserves) on demand.

In the U.S. system, however, the central bank follows a passive
policy with respect to the mix of currency and reserves, allowing banks
to exchange currency for reserves on demand. In this case there are no
separate supply functions for currency and reserves, and the price level
depends on the total of the two, that is, the monetary base. This
explains the consistent empirical finding that the base is the relevant
monetary aggregate in the inflation process.

While theory and evidence suggest that control of the price level can
be achieved through control of the base, this is not the simplest ap-
proach to the problem. In the current system, currency and reserves
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held against both demand and various Kinds of time deposits are all
involved in the determination of the price level. Controlling the price
level is complicated by shifts in the tastes of the public among cur-
rency, demand, and time deposits. For example, central bankers must
worry about how an open-market operation will eventually work its
way into different parts of the system, giving rise to work for an army
of economists tinkering with various currency and deposit multipliers.

Managing the price level would be much simplified by focusing the
problem on the supply of currency. This could be done by ceasing to
allow free convertibility between reserves and currency or, more di-
rectly, by dropping reserve requirements. The theoretical arguments in
Fama (1980), which are just applications of those in Patinkin (1961) and
Tobin (1963), indicate that in such a system the liabilities issued by the
banking sector would not be important in price-level determination.
There would be no more need to control the quantity of demand
deposits (or time deposits, or certificates of deposit, or Eurocurrency
deposits) for the purpose of controlling the price level than there is for
controlling the amount of securities issued and held by mutual funds
and other free-market intermediaries. As long as there is a set of
transactions in which currency has a comparative advantage as trans-
actions medium, control of the price level could be obtained by con-
trolling currency.

Moreover, Fama’'s (1980) analysis indicates that there is no need to
be concerned about the disruptive effects of a liberated banking sector
on real activity or the way that activity is financed. Competitive banks
would be subject to the Modigliani and Miller (1958) theorem; that is,
banks would be pure financial intermediaries, in the nature of mutual
funds, that bring together demanders and suppliers of portfolio assets
and then act as repositories for the securities that are thereby created.
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