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INTEREST RATES ON MONETARY ASSETS AND
COMMODITY PRICE INDEX CHANGES

Ricuarp Rorp*

I. INTRODUCTION

A smMPLE sTORY is told about the response of interest rates to anticipated
changes in commodity prices. A consumer expects the dollar cost of apples to
be twenty per cent higher next period than now. He could be induced to give
up 100 apples for the promise of 105 apples next period but he would not part
with ten dollars for a promise of less than $12.60 in repayment.’ Moral: The
nominal (money) rate of interest is equal to the real (apple) rate plus?® the rate
of inflation. This relation is named the Fisher effect after its originator and
most distinguished proponent.® It is one of the standard paradigms of monetary
economics and is frequently used in explaining bond prices to spouses and
physicists. Of the theoretical and empirical importance of the asserted relation
there can be no doubt, The rate of interest has a central role in macrotheory,
because it is a primary transmitter of hoth monetary and fiscal actions. For
bond buyers and issuers, the course of inflation would seem to be at least as
important as changes in default probability and in the real productivity of
capital.

Despite its wide acceptance, however, a seemingly innocuous change in the
story raises a question of whether the Fisher relation can be ohserved in data.
Let us suppose consumers hold expectations about future commodity price
levels and not about rates of change in prices. By adjusting freely, current
prices will cause changes in anticipated rates of inflation; and consumers will
be just as happy having adjusted current prices to bring about say a ten per
cent inflation rate and a fifteen and one-half per cent interest rate as they were
with a twenty per cent inflation and a twenty-six per cent interest rate. The
system actually has indefinitely many equilibrium points. All except one, how-
ever, are eliminated by adding the existence of a currency which pays no
interest and must be held by someone between periods. With this complication,

* Carnegie-Mellon University. The comments and assistance of many colleagues have beén more
than usually necessary for this paper. I am indebted to Eugene Fama, Martin Geisel, Michael C.
Jensen, Allan Meltzer, Norman Miller, Myron Scholes, and James H. Scott, Yr. Kenneth M. Gaver
and Shyam Sunder were peerless econometric comsultants, The study was financially supported
partly by the National Science Foundation and partly by a Ford Foundation Fellowship. How-
evet, the conclusions, opinions and other statements are mine alone and are not necessarily those
of either Foundation nor of the individuals named abave,

1. Let p, be price per apple in period t and q; be the quantity consumed. The caonsumer is
willing to trade apples intertemporally zt the rate q; = 1.05q,. He anticipates apple prices
to be described by p, = L.20p;. Thus, he would trade dollars [== pq, (dollars/apples) . (apples)]
intertemporally at the rate pyqy = (1.20)(1.05)p,q; or at 26 per cent.

2. Strictly speaking, it i “plus” only when the rates are continuously compounded.

3. Irving Fisher [1930, chs. 2 and 19].
251
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the ntominal rvate of interest is fixed at zero (on the asset money). Current com-
madity prices, along with anticipated rates of inflation, must adjust, therefore,
to unique levels. The consumer will be indifferent to further transactions only
after current prices have shifted to the point that he expects a zero rate of
inflation or a rate just equal to the implicit non-pecuniary return from holding
money balances.*

Ball [1964, p. 43] has emphasized this point as follows:

Full stock equilibrium requires now the further condition that the actual price
level be equal to the expected price level, or in other words that a value of 2 unit
of the monetary stock now be equal to its expected value in the next period. If this
condition is not fulfilled, decision units will attempt to substitute goods now for
goods in the future, ie., they will attempt to reduce their real halances, hence driv-
ing the price level up to the expected price. When the two are equal this movement
ceases and equilibrium is restored.

To Ball’s statement ahout commodity prices should be added the following
corollary ahoaut interest rates: Since the anticipated inflation rate will be just
equal to the implicit non-pecuniary return from holding money (which was
zero in Ball’s case because he ignored it), the nominal interest rate will be just
equal to the relative disutility of holding bonds rather than currency. If an
asset provides non-pecuniary services of as high a quality as those provided
by money, its nominal interest rate will show no relation to the expected rate
of inflation.®

Ball finds that his above . . . conclusion is justified only to the extent that
. . . the price level rises suffictently rapidly over time to catch up with the

4. Of course, this will he the exact indifference position only if the consumer regards both
returns as equally risky. If, for example, he is a risk averter and he regards the non-pecuniary
teturn to money balances as more uncertain than the rate of commodity price change, be would
be indifferent to further trading of money for current commeodities only if the anticipated return
from money included a risk premium in excess of the inflation rate’s risk premiuym.

One must also recoghize that the real interest rate is implicitly being held constant as we speak
of commodity price and nominal interest rate changes here. As a first approximation, this is
probably not a bad assumption since the real imterest rate is determined by the aggregated
marginal rates of time preference of consumers and the marginal producis of physical capital
goods.

5. Symbolically, the Fisher relation under certainty is

I+R=(01+101+D

where R is the nominal and r is the real rate of interest and I is the anticipated rate of
commodity price inflation. For money, R = 0; and thus (1 4 r)}{1 -} I} = 1 if money
provides no non-pecuniary services. If, however, money and bonds provide mon-pecuniary ser-
vices, their nominal returns would be decreased by a premium and we would have

1+R={(1+r)(1+T) —1i, forbonds
1= {141} {ll—l— ) —hy for currency
and thus
R=21,—Ap

where the L's measure the implicit returns to non-pecuniary services. In general, if 2y and A
differ, the difference will depend on the rate of inflation, When Ay = A, R will not depend on
inflation. This conclusion is readily extended to the case of uncertainty in hoth asset returns and
inflation rates.
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expected price,”” (p. 43). In other words, the conclusion of no Fisher effect
between nominal and real interest rates is valid only if commodity markets are
efficient in the sense that has been applied to asset markets® so that current
prices adjust immediately to any relevant new information and thus continually
stand at levels equal to expected prices.” This is, I believe, an important fact
concerning the likely occurrence of the Fisher effect, Tt forces us to suspect,
at least based on the demand side for assets and commodities, that observation
of a positive relation between nominal interest rates and commodity price
changes would imply inefficient asset or commodity markets.

This suggests an empirical analysis in two parts: First, is there empirical
evidence of inefficiencies in the asset or commodity markets? Second, has there
been direct empirical confirmation of the Fisherian relation?

1. Commonrty MARKET EFFICIENCY

If asset and commodity markets are efficient information processors, one
should expect little comovement between nominal interest rates on assets that
are good money substitutes and a#y measure of inflation, Thus, it is worth
knowing whether these markets exhibit a reasonable degree of efficiency. For
asset markets, several studies have found a very high, although not a perfect
degree of efficiency [cf. Fama, 1970]. Thus the source of an easy-to-observe
Fisher effect is not likely to be found in asset markets.

In commodity markets, the evidence is less complete. High serial dependence
in commodity price changes would be tell-tale evidence of inefficient markets
because it would imply (a) suppliets of goods with a praduction period shorter
than the unit of observation could increase profits by producing more for
periods when high prices are predicted on the basis of the observed serial de-
pendence, and (b) consumers could time purchases to coincide with periods of
lower predicted prices. The absence of serial dependence would mean that such
profit-and utility-increasing opportunities are not available and that serial
dependence which might have been observed has been eliminated by producers
and consumers acting to take advantage of any that did exist.

In the first study of this question known to me, Laffer and Zecher [1970]
analyzed the annual behavior of the U.S. Bureau of Labor Statistics Whole-
sale Price Index (WPI) from 1900 to 1963 and concluded that observed serial
dependence in the index changes was small enough to imply efficient com-
modity markets.® Table 1 presents a replication of their study for both the
Wholesale and Consumer Price Indexes (CPI) over the petiod when monthly
aobservations are available, January 1913 to the present. In the first panel, loga-
rithmic annual rates of change in both indexes are related to past annual rates

6. Cf. Fama [1970].

7. Discounted at the appropriate risk-adjusted rates.

8. They actually calculated the serial dependence in log,(p./p, ;) — r,, where p, is the
Whalesale Price Index at time t and r,; is a one-year bond rate at t. Sub-indexes of the
Wholesale Price Index were also analyzed with similar results. Using their data, I have found
that the subtraction of r;, had no significant effect on the ohserved serial dependence. (A
supplementzry table, not printed here, will be provided to readers interested in this result).
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TABLE 1
Avuro-RECRESSIVE STRUCTURE OF CONSUMER AND WHOLESALE PRICE INDEXES
INDEX B, B, B, B, R2 DW N
Annual Ohservations between Successive Januaries, 1913-1971
CP1 0121 827 —.404 0725 435 1.99 35
(1.73) (5.93) (—2.35%) (.519)
WFI .0151 356 —.171 —.0109 123 200 55
(1.07) (2.57) (—1.18) (—.0787)
Moanthly Observations, January 1913-October, 1971
CPI 000387 A73 0488 1458 336 2.05 702
(2.79) (12.6) (1.18) (3.87)
WPI 000560 363 0939 213 208 2,03 702
(1.16) (9.82) (2.39) (5.77)
L. t-ratios are in parentheses; R2 = coefficient of determination ; D-W = Durbin-Watson Statistic;
N = Sample size.

2. The regression equation is
log (p./P_1) = ﬂn 4+ B, lage(P;_'lfpt_g) + ﬁg log,{p;_a/Di_3) Bg log (D 2/D;_4)
D, is the price index for period t.
3. The two indexes tised were
1) U.S. Bureau of Lahor Statistics “Consumer Price Index for Urban Wage Earners and
Clerical Warkers, US. City Average: All Ttems—Series A"
2) U.S, Bureau of Labor Statistics Whalesale Price Index.

of change.® These results, taken alone, do not support Laffer’s and Zecher’s
conclusion that commadity markets are efficient because the first-lagged annual
rate of change in each commodity price index is a significant explanatory
variable. The same is true of the monthly rates of change reported in Table 1
(Panel 2). In fact, lagged monthly changes are even more significant (in terms
of the coefficients exceeding their standard errors).

The prices sampled for these indexes are spot rather than future so it is
perhaps surprising that annual changes show such strong setial dependence.
One might have expected a seasonal in the monthly ohservations and this
would, of course, have increased the observed serial dependence. The Bureau
of Labor Statistics [1967] reports, however, that “Patterns of seasonal price
movements are apparent for many components of the Consumer Price Index,
but they largely counterbalance one another and cause little or no seasonal
variation in the total index”, (p. 14). I mention this because seasonal variation
in spot prices does not contradict the efficient market hypothesis for com-
maodities if it occurs in non-storable items such as some agricultural products.
No obvious market mechanism (storage in inventory by consumers or pro-
duction smoothing by producers) can offset the predictable price changes in
such items. In fact, the strongest seasonals do occur in items that cannot be
stored easily and must be produced when the weather is favorable; fresh fruits
and vegetables have the greatest seasonal variation while meats, poultry and

9. The annual change was taken between successive Januaries for a rather arbitrary reason:
It was the first month reported in the series. Annual changes between other months would
display a similar autoregressive structure. Note, however, that averages of monthly ohservations
must not be used to obtain yearly estimates because this would induce spurious positive serial
correlation, of. Working [1960].
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TABLE 2
AUTOREGRESSIVE STRUCTURE IN CONSUMER AND WHOLESALE PRICE
InnExES USING PUBLICLY AVAILABLE EXPLANANDS

INDEX & &y &, &y R2  D-W N
March-to-January Changes Lagged on January-to-January Changes, 1913-1971
CP1 0147 626 -2.73 0431 326 2.02 55
(2.16) (4.62) (1.63) (317)
WPI 0165 182 —0732 —.0239 0412 202 55
(1.25) (140) (~3537) (—.134)
Observations every Third Month, January, 1913-Octaber, 1671
CPIt = 0000350 184 142 236 211 201 233
7,10,13,... {.181) (2.30) (1.95) (3.09)
CPLt = Q0134 254 206 0721 239 212 233
8,11,14,... (3.22) (3.70)  (2.72) (1.19)
CPLt = 00124 140 357 0577 .158 2,11 233
9,12,15,. .. (2.24) (198)  (3.60) (.690)
WFPLt = 000331 335 141 0166 220 195 233
7,10,13,... (.455) {4.26) (2.22) (.249)
WPLt = 00197 153 261 00727 138 201 233
8,11,14,... (1.38) (216)  (3.03) (.112)
WPLt = 00101 387 197 —.0393 205 1.89 233
9,12,15,... (.996) (5.81) (234)  (—.458)

L. t ratios are in parentheses; R2 — coefficient of determination; D-W == Durhin-Watson Statistic;
N = sample size.
2. For the March-to-January models, the regression equation is
log,(De/Dr—30) == &g -t 8y 10g,(Dy_10/Ds 24} + 89 108,(D; _90/Ds_ 20} + Ug 108, (D¢ _30/Dp—40)
t =49,61, 73,85, ... months
{t = Iis January, 1913)
3. The monthly regression equations are
log (py/Py_1} = &g - & log(Pe_3/P_ o) + &olog (D,_ /Dy _g) + Gqlog,{pe_g/Dy_g)
t=1,10,13,15.,, for first model
t =8, 11, 14,. .. for second madel
t =49, 12, ... for third model.
4, Full titles of price indexes are given in notes to Tahle 1.

fish are next. The natural production seasonals in these last items are no doubt
reduced by their being partly storable in frozen or canned form. The only other
items which display seasonality are apparel and automobile transportation,
both of which have high fall prices when new models are introduced. However,
this must be regarded as a defect in the index caused by its inability to measure
seasonal quality variation.

Before concluding that commodity markets are grossly inefficient based on
the results of Table 1, we should ask whether there are other explanations of
the ohserved serial dependence that are consistent with efficiency.

One potentially important fact for interpreting the auto-regressive structure
in price index changes is the information lag between gathering individual
prices and publishing the Index. For example, The Consumer Price Index for
a given month is not announced until around the 25th of the following month!®
and hence, not until after many prices for that month have already been

10. Between January, 1960 and December, 1970, the announcement date of the Consumer
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sampled for use in calculating its Index value. An investor could not use the
monthly equations in Table 1 for predictive purposes unless he personally
were sampling commodity prices more quickly. He could not rely on BLS
announcements since they would be received too late to act upon.

For example, the first lag in annual changes between successive Januaries is
not predictively useful because January Index values are not announced pub-
licly until near the end of February. However, the auto-regressive structure
in March-to-January changes, (see Table 2, first panel), still indicates a strong
effect from the first lagged CPI change. In this calculation, the logarithmic
Index change from March of year t to January of year t + 1 was regressed on
January-to-January changes in years t — 1, t — 2, and t~— 3. This was done
to insure that the BLS announcement in February of year t of the January
Index, took place prior to the decision period of March in year t. The total
explanatory significance of this regression has declined slightly from the annual
regressions of Table 1, indicating that some of the serial dependence was
indeed caused by an information lag. For the Wholesale Price Index, lagged
annual rates of change which are known in time to act upon “explain” only
four percent of the variation in the next 10-month change. For the Consumer
Price Index, however, the predictive usefulness of the equation is considerably
higher; (33 per cent of the variation is explained). Moreover, the monthly
models show that about 20 per cent of the monthly variation in index changes
can be accounted for by lagged changes.

For the same reason of timing the public availability of index announce-
ments, the first monthly explanatory variable had to be lagged two full months
in the monthly regression. This causes an econometric difficulty which is ex-
plained in the footnote.'* It is necessary to use every third observation only in
Price Index varied between the I8th and the 31st of the following month and in one case, for

January, 1964, was delayed until March 3. T am indebted to Bureau of Lahor Statistics Com-
missioner Geoffrey H. Maote for providing these data.

11, The difficulty is caused by spurious autocorrelation imtraduced into the residuals by
omitting the first two lagged monthly index changes (which should be omitted hecause they
are nat known in time to make decisions.) Defining I, = log,(p,/p,_,), the results of Tahle
1, indicate that i, and B, in the madel

T==Bo+Byly_y + 82T o+ Bali_a+2

are significant explanatory variables. However, I; ; and I, o, are not known in time to make
commodity purchases which would bring gains of I,. Thus, a predictive equation would contain
only I, _p and be of the form

L= By + vale—s +ug

Note, however, that the disturbance of this model is
uy == Byl g + 8oLy o+ 2
=g+ BB + Yol s + e 1)
+ BolBo 4+ ¥alo—p + uy_s)
Sa that the appropriate ecanometric madel would bhe
=0+l s+l + ol g+ &
where

B8+ By g+ Bave_o
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the regression calculation in order to avoid serial dependence in the residuals.
This is why Table 2 contains three maonthly models for each index. Each model
has been fitted with every third observation. Fortunately, the very large number
of available observations makes it possible to do this and still retain a large
sample size in each model.

Another very important possible cause of spurious serial dependence is non-
stationary in the process, and in particular, a non-stationary mean inflation
rate. This is a very reasonable possibility considering the long time period
being used and the changes that have occurred in economic institutions and in
mades of behavior since 1913. In addition, a model involving lagged dependent
variables as regressors is particularly susceptible to incorrect inferences caused
by changes in the underlying process. To see why, consider what would happen
if the inflation rate conformed to the process

It. = a(t) + (33

where the function a(t) is a constant at period t which does not depend on past
rates of inflation but is presumed to wander over time. In efficient market
theory, a(t) would correspond to the “normal” rate of return for time t, the
maximum rate of return that a trader could earn by using some prediction
mode] such as lagged variable regression. Since a(t) fluctuates slowly from
month to month, inflation rates of adjacent months will have means that
differ only slightly while inflation rates for months that are separated by sev-
eral years could have very different means'* This implies that serial regres-
sions fitted with lagged dependent variables will display spurious serial
dependence. Actually, the lagged variables are only providing an estimate of
the current normal rate, a(t).

There are at least two ways to check whether non-stationarity in the process
has introduced spurious serial dependence. The first is to divide the time series
into segments and inquire whether the serial dependence in each segment is
smaller than the serial dependence calculated from the overall record. Some
evidence on this question is provided by Table 3 which reports on monthly
serial regression equations for sub-periods. A composite hypothesis that all
three lagged monthly'® index changes have no effect on the current index
change is tested by a Gaussian-based F statistic. Asterisks indicate thase
regressions where serial dependence is detected at a five percent level of signifi-
cance. The multiple R*s reported are not significantly different from zero in

Thus, disturbance term autocorrelation is present in the model because Cov(Ey, E;_;) and
Cov(E,, E(_p) ate not zero. However, since Cov(E, E,_,) = @, an appropriate procedure
is to use every third abservation,

12. Suppose a(t) followed a random walk, a(t) =a(t— 1) +E. Then I,=1, ,+8&, -+,

n—1

—gy_, for adjacent months, while I, =1, —¢,_ + E &, ; Thus the disturbance of the
=0

second equation has a variance which is on the ordet of n times as large as the variance of the first

equation’s disturbance. This implies that a lagged variable regression would detect a spurious auta-

regressive structure which decays with the length of lag.

13. As mentioned before, because of the lag in public availability, the explanatory variahleg
are lagged 3, 4, and 5 months.
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TAEBLE 3
TEsTS OF AUTOREGRESSIVE SIGNIFICANCE IN THE CONSUMER AND WHOLESALE
Price, INpEXES' MoNTHLY CHANGES FOR SuBPERIODS, 1913-1971

Beginning Month af Dependent Variable

July August September
Sample Coefficient of Determination Using Every
INDEX Period Third Monthly Change in the Caleulation
1913-22 193 A26% .240
1923-32 191 120 188
1933-42 197 0111 118
CPI 1943-52 A55% A11 137
1953-62 0864 A17 187
1963-71 .360% J233% 312%
All years 211* .239% 158%*
1913-22 .299% .186 L255%
1923-32 114 .0738 0357
WPL 1933-42 125 143 2*
1943-52 .300% 119 .382*
1953-62 0216 0607 167
1963-71 131 0511 J43
All years 220% .138* 205%

1. The regression equation is the same as the monthly equation given in the notes to Table 2.
Sample size is 38 for regressions beginning in the years 1913-1953. Sample sizes are 33 far regressions
beginning in 1963 and 233 for regressions spanning all vears.

2, ¥Indicates that the F statistic associated with a null hypothesis of no serial dependence, ie.,
(Hy: o, = ay=0q=0), exceeds the .95 fractile of the sampling distribution, thus rejecting the
nu]l hypothesis at a five percent level of significance, This test is based on an assumption on inde-
pendent Gaussian disturbances.

3. Exact titles of price indexes are given in Table 1's faotnate.

most cases but they are significantly non-zero in more cases than one would
expect by chance Naturally, one must consider the possibility that the
process is non-stationary within a sub-period, but the number of observations
becomes rather small when the time series is divided into smaller segments.
Fortunately, the adaptive regression model recently developed by Cooley
and Prescott [1971] uses the full sample and still allows the constant term to
vary.® Table 4 reports the adaptive regression fit of annual rates of index
change for 1913-71. This table’s contents should be compared with the annual
ordinary least squares regressions reported in the top panel of Table 2. The
very significant coefficient of the first lagged consumer price index change was

14. Note well, however, that the six reported coefficients within a given sub-period cannot be
ptesumed independent. Thus, 2 single binomial test of the number of significant coefficients is
not availahle.

15. In the notation used here, the adaptive regression model is

vi=eg() tagyy gty gt ogy 5bg
whete
a{t) = o,(t-1) +v,; g.andv,

are independent distutbances with zero means and with variances {1 — ¥)o? and yo? respec-
tively. Ontput of the solution includes estimates of ¥, 62, and 4N + 1) in addition to the
slope coefficients.
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TABLE 2
Apaprive REGRESSTIONS OF ANNUAL CHANGES IN CONSUMER
AND WHoLESALE PRICE INDEXES, 1913-1971

INDEX &o(N-+1) ty &, & 3 a2 N

March-to-January Changes Lagged on January-to-Jamuary Changes, 1913-1971

0342 321 -.230 —.147 .162

CPL 4 (245)  (167) (1.15) (2.70) 150 S5
0167 149 — 086 —.045 012

WPL 535y (118) (.662) (360) (160y B0 55

1. The regression equation is
lag, (pe/Py_y) == &y(t) 4 & log,(D;_10/P¢_a4)
+ dplog.{p,_9:/D.ae) + G5log(Py_g6/Di—18)
t=49,61,...,...months {t = 1in January, 1913)}.
2. The constant term is assumed to he described by a stochastic process with parameters v and 2.
See footnote 15,
3. Exact titles of price indexes are given in footnotes ta Table 1.
4, t-ratios are in parentheses: N = sample size.

dropped to ahout one-half its former size. Together with a significant ¥, which
is a measure of the importance of nonstationarity, this does indicate that a
substantial part of the serial dependence formerly measured in Consumer Price
Index changes had been caused by a shifting mean. For the Wholesale Price
Index, no significant autoregressive structure is evident in this table (4); the
estimated extent of nonstationarity (¥) is not significant either and, of course,
the other parameter estimates have changed little from their ordinary least
squares counterparts of Table 2.

The difference hetween these two indexes over exactly the same time period
is rather mystifying. Several colleagues have suggested the difference is due to
the absence of service prices in the WPI, (but not in the CPI), the implica-
tion being that services are not storable commadities and are therefore not
subject to the speculative activity which reduces intertemporal price change
dependence for storable goods. Others have emphasized differences in sampling
techniques between the indexes. For example, since some consumer prices are
obtained only quarterly, the monthly Index values necessarily contain some
extrapolated components. Such arguments may ultimately explain more of the
remaining measured serial dependence in price indexes but in order to get back
to our primary subject, the Fisher effect, it is necessary to leave them un-
examined. Furthermore, there does seem to be enough dependence in monthly
changes of both indexes and in annual changes of one index to make the Fisher
relation a still-viable hypothesis; and when one considers the possibility of
constructing a price index from privately-conducted surveys, this conclusion
is strengthened.

IIT. Dimrect TESTS OF THE INTEREST RATE-INFLATION RATE RELATION
Studies that Relate Interest Rates to Functions of Commodity Prices Only

Using a simple two variable regression bhetween annual observations of
yields-to-maturity from Standard and Poor’s Composite Corporate Bond Av-
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erage and percentage rates of change in a combination price index,’® Weil
[1970] found no significant relation for 1900 to 1968. From 1961-1968, how-
ever, the relation was positive and highly significant. The same results were
cbtained using Durand’s [1942] one-year rate. These results could have been
due to a basic structural change in the 60’s or ta some other variable that
affected interest rates having been omitted from the fitted equation.

Meiselman [1963] used an annual interest rate series composed of Mac-
auley’s [1938] high-grade railroad bond yields from 1873 to 1936 and a
combination of Moody’s Aaa and Durand’s [1947] 30-year basic yield from
1937 to 1963. He regressed the yield on its lagged value and on current and
lagged values of the Wholesale Price Index. The lagged vield was a uniformly
powerful explanatory variable as was the current level of wholesale prices.
Hawever, the current ckange in prices was not significant, thus contradicting
the Fisher effect with a rather simple measure. After this inauspicious (for
Fisher’s Theory) beginning, Meiselman went on to use several more sophisti-
cated functions of past prices including distributed lags. How many different
measures one is unable to determine, however, because to . . . keep the paper
within bounds . . .” Meiselman only reported . . . what appear[ed] to be the
most promising results”, [p. 129]. The most successful equations related the
hond vield to a difference between the current price level and an expected price
level taken as a distributed lag of past prices one period earlier. If the dis-
tributed lag was taken in the same period, the Fisher effect was not found.

A slightly different procedure was employed by Gibson [1970] whose
interest rate data consisted of six different yields-to-maturity;'? two with
quarterly observations, 1948-63, and four with annual observations, 1869-1963.
Each vield was regressed on a current price index change and up to eleven
past changes. For annual observations, the price index used was the “implicit
NNP deflator . . . obtained from Milton Friedman and Anna J. Schwartz,”
(p. 34). We are not told how many other indexes were tried but this one
“. .. proved best at measuring expectations. It tended to produce more statis-
tically significant coefficients and coefficients closer to those expected theoreti-
cally than any other indexes considered,” (pp. 33-34). With annual data, even
this index produced significant coefficients for only the effect of current infla-
tion rates on two long-term vields. Neither the current inflation rates for short-
term yields nor any of the lagged inflation rates for any yield was significant.
However, when changes in yields were regressed on current and lagged changes
in inflation rates® none were significant for the long-term yields while the

16. The price index was hased on the BLS Whalesale Price Index from 1900-1929 and an the
GNP deilator from 1930-1948. Unfortunately, both were annual averages of monthly ahservations
and, in addition, a weighted average of adjacent yearly observations was used to ohtain a final
index which was supposed to have coincided in time with the interest rate observations. This is

not intended as a criticism. Weil was one of the few writers who even took the trauble to ascer-
tain that his data were temporally alighed.

17. Short-term rates were the Treasury bill vate, the call money rate and the commercial paper
rate. Long-term rates were the Treasury hond rate, a combination of Macauley's and Durand’s
long-term corporate rates, and Standard and Poor's index of high-grade industrial hond yields.

18. Evidently, changes were used in an attempt to reduce auto-correlation in the residuals.
In the first equations mentioned, for annual ohservations using interest and inflation rate levels,
the highest Durbin-Watson statistic was 0.685.
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current and 3-year lagged inflation rate changes were significant for the short-
term yields.”® For quarterly data,?® not a single coefficient of the 46 reported
was significant in any of the four regressions, (two with interest and inflation
rate levels and two with changes).** Gibson states that coefficients of the two
quarterly regressions with interest and inflation rate changes “are positive as
hypothesized, frequently significantly so,” (p. 23). However, although 17 of
the 20 coefficients are indeed positive, only three exceed their standard errors
and the largest t-ratio is 1.75; (the R%s are 0,054 and 0.161).

Studies That Relate Interest Raies to Functions of Commodity Prices and
Other Variables

Table 5 lists five recent articles that attempted to measure several deter-
minants of nominal interest rates including the Fisherian factor of anticipated
inflation. In addition to inflation, the explanatory variable common to all five
studies was a measure of aggregate liquidity, although not all the authors
desctibed it as such.?? This and the other variables are intrinsically interesting.
Their inclusion is well-founded on theoretical grounds in each case, and they
are undoubtedly important in isolating the pure effect of inflation on interest
rates but since this paper is exclusively concerned with inflation, the reader is
referred to the cited articles for a detailed analysis of the other variables.?

Only Ball purported to find no support for the Fisher effect.

What has not been established is that the expected rate of price inflation has been
a significant factor affecting the long term trend in interest rates, independently of
the effects of inflation on income. In a sense the rate of inflation has been partly
responsible for the rise in the level of interest rates, for it has helped to reduce the
money,/income ratio. But this reflects the relationship of the fevel of interest rates
to the level of prices, [italics his]. What is at issue is whether the long term rate of
interest is affected by the rate at which prices rise. Since no apparent relation
between them has been established, contrary te muck distinguished opinion, it is
worth considering whether this is because there are plausible reasons why suck an
effect might not be found,” (p. 83, italics added).

Although Ball apologizes for his “. . . too Keynesian liquidity preference
results,” I have quoted his conclusion at length because it clearly enunciates
the impact of the Gibson paradox® on attempts to find empirical support for
the Fisher effect and is therefore very relevant for the discussion of the Gibson

paradox that follows.

19. For the commercial paper rate, the one-year lagged inflation rate was also significant,
20. The Treasury bill and bond rates and the GNP deflator,

21, See his Table 3, p. 26.

22, In fact, Feldstein and Eckstein (p. 367} criticised Sargent for excluding a Hquidity measure
even though he included the rate of change of the real money supply, explaining its inclusion
through a Wicksellian theory of the spread between nominal and real interest rates; Sargent,
(pp. 130-132), Feldstein and Eckstein included a similar variable, the change in the real per capita
monetary hase.

23. You should know in advance, however, that many different functions of the other listed
variahles were used. For example, Ball reported a total of 53 regressions with various functions
of five original variables (and 36 observations).

24, The positive relation between interest rates and the level of prices.
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Actually, Ball’s econometric efforts were not as sophisticated as those of
Sargent, Feldstein and Eckstein and Yohe and Karnosky. Ball tried only very
simple functions of past inflation rates as proxies for anticipated inflation while
Sargent used non-linear estimation of both first-and second-order geometrically
declining distributed lags, Feldstein and Eckstein used third-degree Almon
[1965] polynomials and Yohe and Karnosky tried both direct linear estimation
with past inflation rates and estimation with a sixth-degree Almon polynomial.
All of these authors claim to have confirmed the Fisherian theory. Neverthe-
less, I believe Ball’s economic insights are still worth considering; for it is easy
to show that a combination of the Gibson paradox with just about any type of
stochastic process in the level of commodity prices will produce a set of ob-
servations that contains a positive relation between the current interest rate
and a distributed lag of past commodity price ckanges.

For example, consider the idealized case of an efficient market so that the
price level index, P, follows a random walk of the form

Pi=Pi1e

where €, is a temporally independent positive random variable with unit mean.
The Gibson paradox is a positive relation between interest rates, r, and price
levels. As an illustrative example, it can be described by the simple process,

I't=k1()ge(Pt) —E—llﬁ k> 0

where u, is another random variable independent of €, and of time. Combining
this process with the random walk in commodity prices gives

re=klog.(P,_1 .} - 1 or

N
—k D loga(epmg) +1 (Pon=L) 1)
i=0
Now suppose an empirical test of nominal interest rates and inflation is con-
ducted by defining anticipated inflation as a geometrically-distributed lag of
past inflation rates thusly:

N
n=a Zﬁ’ loge(Pii/Pe—y—1); 0P <1
=0

N
=a ) Blogec

=0

Except for the presence of fi, this is almost identical to the equation (1) de-
rivahle from an efficient commodity market and the Gibson paradox. Although
when B 5% 1, E(&) will not equal k, the estimated « will definitely be positive
and thus supposedly support the Fisherian theory.?®

25. In a later working paper, Sargent (1971) pointed out essentially the same fact. He added
in insight that if f} is estimated from the data using a non-linear search technique and if the
estimate turns ocut to he close to unity. The distributed lag brings nothing but confirmation of
the Gibson paradaxz. Several authors, including Fisher bimself, in fact estimated § to be very
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Tuttle and Wilbur were the only authors who used holding-period yields
rather than yields-to-maturity. One should note that the holding-period yield
is closely negatively related to the change in yield-to-maturity between adja-
cent periods. The negative and significant relation Tuttle and Wilbur found
between holding-period yields and changes in price index is therefore indica-
tive of a positive association between the yield-to-maturity level and the price
index level.2¢

Sargent attempted to resolve the ambiguity caused by the Gibson paradox
by including the current price index level in one set of equations, Its coefficient
was negative but not significant and he concluded that the sign opposite to
that implied by the Gibson paradox settled the issue in favor of Fisher’s hy-
pothesis. However, a closer examination shows that this price level was not
measured concurrently but was predated by his interest rate observations.?
This fact, together with (a) a high value of B (.98) in his distributed lag and
(b) the absence of a “current” inflation rate in his distributed lag; shows that
the most relevant price level, that for the nearest time period, had not heen
expunged.

At this point, the importance of timing different variables should be em-
phasized. For the Gibson paradox relation, there is no theoretical reason for
not using interest rates and price levels of the same calendar dates even though
they become publicly available at different times. No predictive relation in
either direction is necessarily implied and as long as the fitted equation is not
regarded as predictively useful but only as a description of simultaneous eco-
nomic events, no harm is done by disregarding the information lag. This is
also true of included variables such as those related to national income and
to the money stock. More care is warranted in the case of the anticipated
inflation rate, which is always measured as a function of past rates. If an-
ticipations are presumed to be formed on the basis of those past rates, one
must ensure they are observable at least by the date when interest rates are
observed.

Yohe and Karnosky’s results should be interpreted with this in mind. In
all of their regressions, the current rate of commodity price change was the
strongest explanatory variable, This was true for both the Consumer Price In-
dex and the GNP Deflator, for simple regressions and for regressions with
other explanands. Naturally, the fact of neither index being available to in-
vestors concurrently with interest rate observations reduces the significance of

close to unity. This was taken for many years to imply a very long lag in the formation of
expectations.

26. Although the holding-period yield was reported regressed against the change in whalesale
prices lagged one vear, the observations were in fact 28 nearly simultanecus as Iagped. This is
because the Durand data for year t were computed from monthly high and low observations
for the first three months of t. These data were available to investors as soons as the transaction
was made. The wholesale price index for year t—1 was an average of 12 monthly observations.
none of which are published in the month of sampling.

Thus the whalesale price index for year t—1 might actually not have been Lnown to investors
completely until after all the bond price chservations for year t were available,

27. This was because he used Durand’s data which were obtained from first quarter ohservations
in each year.
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Yohe and Karnosky’s results vis-a-vis the current inquiry #f investors form
expectations on the basis of past inflation rates.

Since Yohe and Karnosky did not include a price index level in any test,
they offer no evidence on the Gibson paradox effect.?®

The weights in Feldstein’s and Eckstein’s distributed lag seem to support
the Fisherian theory strongly because “The sum of the coefficients . . . im-
plies that a permanent one per cent increase in the annual rate of inflation . . .
would increase the interest rate by 0.92 per cent,” (p. 366).2° However, they
do not report and presumably did not calculate an equation that included a
price level. They too used a price index whose latest chservations post-dated
the latest interest rate observations but their careful documentation of all
variables permits an approximate reconstruction of their data and replication
where the price level is included.

A series of Feldstein-Eckstein type models is reported in Table 6. Since the
interest rate and price index were intentionally selected differently from those
used by Feldstein and Eckstein in order to determine how specifically their
results depended on those measures, and since some of the other variables
could not be exactly the same,®® it was necessary to fit a model identical in
form to theirs in order to ascertain the impact of measurement differences.
This is the role of regression number one in Table 6. It is identical in form
to Feldstein's and Eckstein’s eq. 19 which also vepeated here. All the esti-
mated coefficients are comparable in significant level®' so the conclusions of
their basic model are confirmed by a different set of interest rate and price
index measures.

In regression 2, the current level of the Wholesale Price Index is included
along with a distributed lag of current and past inflation rates, (price index
rates of change). The Gibson paradox is strongly in evidence here as the price
level’s coefficient is positive and more than six times its standard error. An-
ticipated inflation, as measured by the Almon lag, has no significant effect in
this equation. Equation 3 is a mirror image of 2 in the sense that the current

28, However, Yohe and Karnosky gave a canvincing argument that extremely long lags (values
af 8 dase ta one), found with the Koyck method of estimating geometrically-declining distributed
lags ate specific to the method, (see their pp. 28-29.) They actually estimated §#§ > 1 using the
Koyck method but found a very rapid decay, that is, an equivalent result ta § much less than
ane, using other methods.

29, Their rather short “mean lag of 8.1 quarters” does not imply anything because it is
confounded with the coefficient k if the Gihson paradox is valid at all. (They did not employ a
non-linear search technique to isolate the [ag structure from the overall effect as did Sargent).

30, Several variahles are exactly the same. These include the real per capita money base and,
{I believe, but am not certain because Feldstein and Eckstein did not mention the source), real
per capita privately-owned Federal Government Debt. In addition to price index and interest
rate differences, I used real per capita GNP rather than real per capita private GNP as a measure
of income, The price index used here was the BLS Wholesale Price Index for all items. They used
the consumer expenditure component of the GNP deflator. The interest rate series used here
was “current coupon” yields on Aa utilities. In equation 19, they used Moody's newly-issued Aaa
cotporate bonds yields.

31. Only ane coefficient, that for the change in the real per capita money base, has changed
sign. This particular coefficient is not significantly different from zero in either equation. The
major difference between the twa equatians is the great degree of positive serial correlation esti-
mated in the disturbances of regression model no. 1.
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inflation rate is included with a distributed lag on current and past price index
levels. The sum of distributed lag coefficients is close in absolute value and
in significance to the single coeificient of regression 2 for the current price
index level®® but again the current inflation rate has no significance. In regres-
sion 4, both the price index level and the rate of inflation have been estimated
with Almon polynomials. Both are positive in effect but neither are significant.

Other explanatory variables change capriciously from one regression to an-
other. The real per capita money supply is actually significant with a negative
sign in equation 1 and significant with a positive sign in 3. Real per capita
GNP and Privately-held Federal debt behave similarly. In fact, only one vari-
able, the lagged change in yields, is consistently significant with the same sign
in every equation. This would argue for hesitation on econometric grounds
of uncritical acceptance of any particular interpretation of any of the five
regression models, Whether the basic difficulty arises from measurement er-
ror®® or, (what is more probable), from a bald fitting of a single equation to
a multiple equation system, one should beware of making a judgment about
the relative effects of anticipated inflation, the price level, and other variables
on interest rates.

In the lower part of Table 6, some additional computations are presented.
These were done for two reasons: one, to avoid some interpretation difficulties
aftendant to the Almon procedure and two, to indicate further how difficult
a task it is to find useful predictors of speculative prices (i.e., interest rates).

One should be suspicious of the Almon procedure in a single equation where
the Almon explanatory variable is going to be compared with other explana-
tory variables introduced linearly. The suspicion arises from a methodological
bias against those other variables. They are permitted to enter the regression
linearly and in no other way while the variable entering as an Almon poly-
nominal has a chance to benefit from an essentially infinite number of trans-
formations; the procedure is to search over an entire class of polynominals
of given degree to find the member of best fit. Imagine what the effect would
be of first running an explanatory variable linearly, then logarithmically,
trigonometrically, and then with various polynominals. With a given set of
ohservations, the chance of finding a significant transformation must increase
with the number of transformations attempted, even if the two variables are
statistically independent. Therefore, one should not compare the significance
of an Almon lagged variable with that of another explanand unless the latter
has been transformed over at least as large a class—e.g., polynomials of the
same degree, and unless every combination of transformation of the two vari-
ables has been calculated and sorted by some criterion such as R2,

32. Hawever, the estimated lag structure does not show all the weight on the current index
level, Coefficients for price index levels lagged zero, one, five, six, seven, and eight quartets
are positive and have corresponding t-ratios in excess of 2.0

33. As emphasized hefore, the particular price index chosen has an important effect on the
results, I recamputed equation 1-4 using the GNP deflator for all items in place of the Wholesale
Price Index and in each equatian, the inflation rate wariable had a much stronger effect relative
to the price index level variable. Thus, the reported results in the first four equations of Table 6
are less favorable to the Feldstein-Eckstein model than the results using the GNP deflator.
A table with those latter results is available on request.
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In models 5 and 6 of Table 6, all the regressors are entered linearly (or
logarithmically in the same cases that Feldstein and Eckstein used logarithmic
transformations). Model 5, using the levels of all variables, finds many sig-
nificant explanatory variables. Both the price index level and the inflation rate
are significant (but the inflation rate has a theoretically-incorrect sign). How-
ever, an extreme degree of positive autocorrelation is indicated by the Durbin-
Watson statistic of .822, Model 6 represents an econometric remedy for auto-
correlation, constrained estimation with transformed variables.®* In model 4,
not a single explanatory variable remains significant at a significance level in
common use®® and the multiple coefficient of determination is only 0.103. Since
the autoregressive parameter estimate is very close to one, the results are more
consistent with the hypothesis that nominal interest rates follow a random
walk than they are with any other hypothesis that has been presented in the
literature.

Indirect Measures of Anticipated Inflation Inferred From
Differences Between Real and Paper Assets

Although direct correlations between nominal interest rates and functions
of past inflation rates are indicative tests, they can never be decisive; for
they measure anticipated inflation imperfectly, they do not account adequately
for changes in the “real” rate of interest, and they are beclouded by the Gib-
son paradox. Fortunately, there are other tests that do not suffer from the
same problems (although they may have unique difficulties of their own.)
Fisher himself, [1930, pp. 401-407] introduced one of these. He attempted
to relate the difference in returns between nominal {(or paper) assets and real
assets to some measure of inflation. Naturally, the difficult task was to find
a real asset; for as Fisher noted, “There are, theoretically, just as many rates
of interest expressed in terms of goods as there are kinds of goods diverging
from one another in value,” (p. 42).

However, he did discover two examples that were at least suggestive: Both
examples used bonds issued payable in gold while paper currency bonds of the
same issuer were outstanding. According to his theory, differences in yield-to-
maturity between the two bonds should have measured the market’s anticipa-
tion of gold’s future price change in currency units. The first example consisted
of gold and paper bonds of the 1.8, government from 1870 to 1896. Befare
1878, the yield difference was distorted by a constant anxiety about the re-

34. This procedure is as follows. Let the original model be y, = 1:’t B + &, where ¢ is assumed

to display a first-order zutoregressive structure, &, = pe,_; + u,, such that u, is distributed
identically and independently over time. Combining the szutoregressive structure and the original
model gives a madel in transformed wariables,

Ve —p¥y g = (% — X))’ B+ Uy

A search is conducted over possible values aof p to find the p which minimizes the estimated
variance of u. At each trial, including the final trial, least squares estimates of f§ are obtained
also. The finzl estimates p and B are the maximurn likelihood estimates of p and .

35. However, both the money base and privately-held government debt are significant at the
ten per cent level
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sumption of specie payments® (Cf. Unger [1964], or Friedman and Schwartz
[1963], pp. 79-85), while from 1879 to 1894, the evidence directly contradicts
the theory because gold yields were lower than or equal to paper yields in
every period while commodity prices expressed in paper declined about 25
per cent*? The second example was Indian gold and rupee bonds traded in
London from 1865 to 1906. Differences in these yields were compared to the
London Rupee-Pound exchange rate and this example indeed tends to support
the Fisherian hypothesis.?®

Among the more recent studies of this type, Friedman and Schwartz [ 1963,
pp. 583-584] mention the difference between a Baa-rated bond yield® and the
dividend and earnings vields on Moody’s 125 Industrial Common Stocks as
indications of changes in expectations of price inflation during three post-
World-War II periods. The periods examined were: 1946 quarter I to 1948:
IV, which was marked by a decline in anticipated inflation; 1950: III to 1951:
III, a rise in anticipated inflation; and 1955: I to 1957: IV, a rise in antici-
pated inflation. Although these anticipations were stated by Friedman and
Schwartz to have been “widely-held” during the periods given, no evidence
is offered to support that contention. Presumably, such evidence could have
been in the “Surveys of Consumer Finances’’ compiled by the Michigan Sur-
vey Research Center and reported in various issues of the Federal Reserve
Bulletin, This might be inferred from Friedman’s and Schwartz’ later use of
these surveys (see their p. 599) to justify similar statements about consumers’
price expectations.*®

36, ie, resumption of a Treasury guarantee to convert Greenback dollars to gold at pax
37. See Bureau of the Census, Historical Statistics of the United States (19601, pp. 115, 117,
Prices increased from 1879 te 1882 and declined steadily from 1882 to 1596.

34, Fisher did not make these calculations but the Rupee-Gold yield differences 18 positively
cotrelated with changes in the pound ptice in rupees over leads and lags. Between the Rupee-Gold
vield difference and the next annual Rupee price change in pounds, the simple correlation is
—.206, Between the difference and the most recent past change, the correlation is —.250,

39, The (quarterly) yield they used iz an average of three monthly observations. Primary
source was Moody’s Investors Service,

40, These surveys of consumer expeciations are very interesting in their own right for the
information they provide on the relation between inflation attitudes and current commodity-
buying attitudes, In Katana and Mueller [1953, pp. 70-751, this relation is discussed in defail,
Respondents wha believe prices have recently risen see the present as a “bad time to buy” as deo
respondents who predict prices will decline aver the next five years, Thase with opposite opin-
jons, that prices have recently fallen or will go up over the next five years, view the present
as a good time te buy. The surveys included 2 very large number of different questions and it
is interesting to note that Katonz and Mueller judge that “, . . the relationship aof past price
movements and attitudes toward spending is among the most pronounced and mwost consistent
that has heen detected in this series of surveys” {p. 71). Far a later petiod, this relation in
attitudes does not show up. See, e.g., Katana, &f. ai., [1967, pp. 236-237]1. The surveyors attribute
its absence to the recent presence of “creeping” rather galloping inflation. However, one may
wonder whether it is not just a deficlency in the question asked, which has been changed from
“Da you think this is 2 good time or a bad time to buy such large household items (furniture,
house furnishings, rugs, reftigerators, staves, radios, and things like that)?” to “Now speaking
for a moment about price increases and inflation, would you say that someone like you can do
something when prices ate going up so as fto safeguard himself ta some extent against price
increases?' The most frequent answer to this last question was that one can’t do anything,
and a sizeable minority said one can buy selectively, postpone buying, or buy less. This indicates
a confusion among respondents’ about whether the price increase in the gquestion has already or
is just about to oceur and about whether they are heing asked a theoretical question about the
likely effect of many consumers ceasing to buy.
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TABLE 7
MEASURES OF ANTICIPATED INFLATION FROM SURVEY
ResponseEs aND Bonp AND STock YIELDS

Percentage
of Surve; + Bond Yield
YVild  Respondents Yields Minus Stock
Period of Quotation  Anticipating  Baa Earnings Price
Survey Dates Inflationa  Bond Earnings Yield Indext
Early 46 Feb. 46 53 2,95 5.03 — 2.08 40.3
Early 47 Feh. 47 13 3.12 9.10 — 5,98 46.2
July 47 July 47 32 3.18 10.3 — 7.12 47.9
Jan. 48 Jan, 48 50 3.52 120 — 38.48 454
Feb, 14- Feh, 48 15 3.53 13.0 — Q.47 43.2
Mar, 5 48
July 48 July 48 42 3.37 13.0 — 9.63 48.6
Early 49 Feh. 49 8 345 15.9 —12.5 44,5
July 49 July 49 7 3.46 14.9 —114 46.0
Early 50 Feh. 50 12 3.24 12.5 — 026 52.9
Early 51 Feh, 51 67 3.16 12,5 — 034 68.6
Early 52 Feh, 52 49 3.53 10.0 — 0.47 720
Early 53 Feb. 53 15 3.53 917 — 5.64 79.2
Jan.-Feh. 63 Jan. 63 71 4,91 546 — 0.55 204.
Jan.-Feh, 64 Jan. 64 68 4.83 5.24 — 041 241,
Feh. 65 Feb. 65 72 4.78 5.29 -— 051 278,
Aug. 65 Aug. 65 73 4.88 5.62 — 0.74 279.
Feh. 66 Feh, 66 86 512 5.69 — 0.57 293.
Aug. 66 Aug. 66 a7 5.83 6,90 — L.07 244,
Feh. 67 Feh. 67 78 5.82 6.14 — 032 267.
Aug. 67 Aug. 67 82 6.33 5.29 + 1.04 295,
May 68 May 68 81 7.03 5.18 + 1.8% 318,
Aug, 68 Aug. 68 80 6.82 5.38 -+ 1.44 318.

2 Source through 1953: Federal Reserve Builetin, (1049, p, 641; 1951, p. 632; 1933, p. 592} ; From
1963-1966, Katona, et al., [1967, p. 248, 254]; after 1966, Katona, ¢t al. [1969, p, 214, 222], There is
a discrepancy between the latter two references in those cases where both contain results for the
same dates, .

b Source: Moody's Industrial Manual, (1970, pp. al8, a27-229), Earnings yield it reciprocal of
price earnings ratio.

With a larger sample of similar data, 22 survey periods from 1946 to 1968,
Table 7 supports the qualitative conclusion of a valid Fisher effect because
it demonstrates a strong positive relation between the percentage of respon-
dents who expected commodity price increases and the difference between
bond and stock earnings yields. Before accepting this evidence as conclusive,
however, one must consider the complications caused by three data pollutants:
First, bond yields during most of the early period 1946-1951, were undoubt-
ably depressed by the pegging operations in the short-term government bond
market during the tenure of the Federal Reserve-Treasury accord. Second:
Dividend and Earnings yields on common stocks are poor estimates of the
real rate of interest because common stock prices in real terms are not inde-
pendent of inflation. Industrial corporations are generally net nominal debtors*

41, Of course, “financial corporations” are generally net creditors or are completely hedged,
but the stock index used by Friedman and Schwartz {and here) did not include thosze groups.
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and they have also benefited from a lag of contractual wage increases behind
commodity price increases. On the other hand, they can be harmed as inflation
alters tax liabilities calculated on the basis of historical costs**

Third and most important, the current earnings price ratio does not measure
the real rate of interest alone even if common stocks are perfect inflation
hedges. Instead it measures the real interest rate minus the real growth rate in
earnings.*® This can be discovered by examining simple discounting formulae.
Let E, be expected nominal earnings per share of the corporation in period },
P, be the commodity price level, V, be the stock’s current market price, and r
be the real interest rate. The current market price must be equal to the dis-

counted present value of future real earnings per share Vo, = 12 (E/®y)/
=1

(1 + r). Now suppose commodity prices are inflating at the rate @ and earn-
ings are growing in nominal terms at the rate ¢ (for inflation hedging) plus f
(for a real earnings increase); ie, Py= (1+ )P, and E,= [(1+ @)
(1 4P ]*E,. For simplicity let the current commadity price level, Py, equal
unity. Then

Vo= [E/(L+a)] Dy [(1+B)*3/(1 4 1)]
=1

and thus after summing the series, assuming r > f,

Eiy/Vo=(r—(}(1+ &)
The difference between the bond yield and the earnings yield is therefore

Bond vield — Earnings yield
[+ +a) — 1} —[E/Vo= (B +a})] =a+f+of,

the sum of the inflation rate and the real growth rate of earnings plus a com-
pounding term of small order. This explains why one could observe increases
in both the bond yield and the bond-stock yield difference when there is no
inflation anticipated at all; for f}, the real growth rate of earnings, is highly
positively related to the real interest rate.** Increases in the real rate of interest
would cause an increase in nominal yields on bonds and also cause an increase
in real earnings growth and hence in the bond-stock yield difference.

Although the problem caused by non-zero real rates of earnings growth was
still present, an attempt to diminish some other measurement problems was
made by Gupta [1970] in a truly unique and ingenious test of the Fisher
hypothesis. Gupta noted that a valid Fisherian relationship of the form

R=r+1

where R is a nominal anticipated return, v is the real rate of interest and I is
the anticipated rate of commoadity price change, would imply that either R or

42. See Nichols [1968] and Motley [1969] for an analysis of inflation's effect on the tax
deductions from different metheds of accounting for depreciation.

43, For the illustration following, risk will be disregarded.
44, In fact, they are perfectly functionally related in the case of certainty.
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r + I could be used in any other economic relation that needed a nominal
interest rate as an explanatory variable. Gupta chose to work with a simple
demand for money function of the form M = f(Y,R) where M is the money
stock and Y is (permanent) net national preduct.®® Gupta’s procedure was to
run one regression of the form

log M = 49 4 4; log ¥ - 3,R (2)
and another of the form
logM = bg -+ by log ¥ + Bar < bs I (3)

and to test the hypothesis that a, = b, = 133. R was measured by the game
yields as those used by Meiselman [1963], while r was the ratio of an “ex-
pected” earnings per share number to an average common share price.*®
Expected earnings were computed by an exponentially weighted distributed lag
of an actual earnings index; but unfortunately, the speed of adjustment coeffi-
cient was chosen “. . . to give the ‘best’ results in the tests . ..”, (p. 190). The
anticipated inflation rate was measured by the difference, I =R —-r, between
the bond yield and the expected return to equities; so the sum of the last two
explanatory variables in equation (3) was identically equal to the last variable
in (2) for every observation.

Most of the tests Gupta ran for different sub-periods and for the total period
supported the hypothesis that a, = b, = b; and thus supported Fisher’s theory.
Again, however, one must hesitate to accept this as conclusive evidence because
the variables were constructed so as te maximize the chance of obtaining the
desired results. This is easy to see in the construction of the real interest rate, r,
because a search was conducted over twenty possible definitions of r to find
the “best” one. Recall that the speed of adjustment coefficient in the dis-
tributed lag of past earnings, (the numerator of r’s formula}, was chasen this
way. When one considers the substantial body of empirical evidence indicating
corporate earnings changes cannot be predicted by using past changes,*? the
effect of Gupta’s search procedure is readily seen to bias his empirical results
in favor of the maintained hypothesis. It would be unfair to dismiss the results
on these grounds alone, however, since it seems unlikely that other speed of
adjustment coefficients would have altered the picture completely.

In summary, if one believes that asset markets are efficient processors of
information, predicted rates of inflation measured by the difference between
paper and “real” yields on assets should be among the best measures available.
There have been relatively few studies of inflation with such measures, how-
ever, and this no doubt can bhe ascribed to a scarcity of “real” securities and
hence to a scarcity of relevant price data. This scarcity is itself a cause of
amazement, Why are there so few existing liquid securities with explicit con-
tractual claims tied to commodity prices?*® When one regards the variety of

45, Both M and Y are in *real” terms,

44, Bath earnings and stock price averages were Cowles Commission indexes for years 1871-
1925 and Standard and Poor’s indexes thereafter. See Gupta (pp. 200-201) for more details.

47. See, e.g., Brealey [1969], Chapter 8.
48, Arvidsson's [19621 is an essay on just this point. He presents several reasons why one
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other assets ranging from Savings Accounts, through Treasury Bills, Moxt-
gages, Convertible Preferreds, Municipal Revenue Bonds, Warrants, Puts and
Calls, etc., many obviously designed for the special needs of the issuer or to
attract buyers by catering to their special needs and many redundant in the
sense that a suitable combination of others would bring the same distribution
of returns, how is one to explain the absence of bonds tied to the general price
level? To be sure, a portfolio of commodity futures contracts provides some
insulation against movements in wholesale prices but it seems doubtful that
even a perfectly diversified commodity futures portfolio would possess qual-
ities attractive to consumers worried about the future prices of refrigerators
and automobiles rather than the prices of flax, soybeans, and pork bellies.

Since new varieties of assets are produced in a relatively competitive in-
dustry, the absence of this particular variety, bonds with claims tied to a price
index, must be attributed to a lack of demand, such lack being due to no fear of
inflation or to the availability of a cheaper adjustment mechanism though
current commodity purchases should the fear of inflation arise**
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