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Inflation and the Holding Period Returms on Bonds

I. Introductiom

The effect of inflation on the returns to financial assets has
been an important theoretical issue for many years. Due to our recent
experience with unusually high rates of inflation, this effect is now
of considerable practical importance. The basic theoretical COnéept is
usually attributed to I, Fisher [6], who posited that a one percent
increase in the rate of inflation expected in the market-place should
yield a corresponding one percent increase in the nominal riskless rate
of interest. This relationship, known as the "Fisher effect", has
received wide acceptance among economists and has played an important role
in monetary theory, fimance, and macroeconomics. Almost all empirical
work has found that the anticipated rate of inflation and the riskless
rate of interest are positively correlated.l Financial practitioners
on Wall Street appear to believe in this relationship, though casual
observation of the movement of interest rates in the last few years may be
more convincing to them than the academic studies.

while much research has examined the association between the risk-
less interest rate and inflation, the effect of inflation on the returns
to risky assets has received less attention. To the authors' knowledge,
no research has examined the relationship between inflation and the
holding period returns to bills and bonds, while only a few papers have
treated the effect of inflation on stock price movements.

In additiomn, tﬁese works have generally failed to separate antici-

pated from unanticipated inflation. Though Irving Fisher considered only
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the effect of inflation on the riskless one-period interest rate, his .
arguments also imply that the expected nominal return on risky assets
should be positively related to the anticipated rate of inflation.
Unfortunately, this theoretical hypothesis has never been fully developed,
and its empirical testing has been virtually ignored. Further relation-

ships can be postulated and tested. berween the returns on risky assets and

unanticipated inflation, a topic generally disregarded in the literature.
To £ill the above‘gap in our knowledge, the present paper analyzes

the association between inflation and the returns to risky assets.

Because theoretical relationships can casily be developed for the holding

period returns to debt owners, the only risky assets treated here will be

bills, notes, and bonds. The structure of the paper is as follows. In

section II, we develop the theoretical.relationship between the anticipated

inflation rate and the holding period returns on bonds, which we call the

"oeneralized Fisher effect." The effect of unanticipated inflation on

bond prices is also discussed in this section. A description of the data
and its summary statistics are presented in section IIIL. Empirical tests

are performed in the next section. OQur conclusions are discussed in

section V.

IT, The Model
Under Irving Fisher's assumption that a one percent increase in the
expected rate of inflation should produce a one percent increase in the

one-period nominal interest rate, inflation should have three effects on the

holding period return of a bond:

1) Assume that the rate of inflation expected in the periods beyond date
t + 1 is revised upward, as we move from date t to date t + 1. Ceteris
paribus, this'upward revision should adversely affect the holding

period return on a bond over the period from date t to date t + 1.




2) 1f prior to date t + 1 new information is released which suggests
that the expected rate of inflation from date t + 1 to date t + 2 has
increased, the expected holding period return from date t + 1 to date
t + 2 will increase. This is the generalized Fisher effect, with which
our paper is primarily concerned.

3) An actual rate of inflation from date t to date t+1 that is higher than

the yate anticipated at date t should, ceteris paribus, have no effect
on the holding period return of a bond over this same period.

To prove these propositions we initially posit that all investors are

certain that, in each future period, the inflation rate will be 1 and that

. . 4 .
the interest rate will be p. We assume a riskless consol bond valued

according to the following formula:

. X X .S X
1) V{t) = l+P + (W-i-....*’r (1+P)n+”' =5

where:
V(t) is the value of the bond at date t
X is the coupon payment to be made each date beginning with t+ 1.

p is the rate of interest to occur over each future period.

Under the assumption that p is constant, the holding period return

over the period from date t to date t + 1 will be:

XX 4
2) Vit + 1) - v({t) + X _ T~ = p
v(t) %

However, alternatively, imagine that as we move from date t to date

t + 1, a never-to-be repeated cituation occurs where the rate of inflation

to obtain in all future periods beginning at date t 4+ 1 increases to
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1 4+ .0l. Under the Fisher effect, the one period interest rate in all
future periods is now p + .01. After this unexpected change in inflation,
the world reverts back to perfect certainty, i.e. the investors do not
consider the possibility of additional inflation rate changes in the
future., Using the left hand side of (2), we find that the holding period

return from date t to date t + 1 would be:

3)

A X 4 x
p

p + .01 01

T p+ .01

< p

o [

Thus, the holding period return decreases when the rate of inflation to

occur in future periods umexpectedly increases, which establishes propo-

sition I for our model,.

However, the holding period return from date t + 1 to date £t + 2 is:

X - X + X
V(e + 2y - v(t+ 1) +X _ p+ .01 p + .01 - o+ .01
vi{t+1) - X =P .

p+ .01

i

Thus, the holding period return increases when the anticipated inflation
rate increases, establishing proposition 2.

To prove proposition III, we assume that the never-to-be repeated
situation had occurred in a slightly different manner. The actual inflation
rate from date t to date t + 1 was unexpectedly I + .01, while the inflation
rate certain to occur in each future period is still I. Here the holding
period return for the bond can be evaluated from the left hand side of (2).
Since the discount rate for future periods is censtant, V(t + 1) will not
change. The value of V(t) is also not affected, since it was determined
prior to the unexpected release of information. Thus, it follows that the.

holding period return is still p over the period from date t to date t + 1,

and proposition 3 is established.



IrI. The Data
1t has recently been pointed out by Fama [5] that the Consumer Price

Index (CPI) was substantially upgraded at the beginning of 1953.
Accordingly, our study uses monthly data from January, 1953 to December,
1971, Bildersee5 has calculated the one month holding period returns
for U. S. Treasury bills, notes, and bonds of different maturities. We
use his data over the period January 1953 to December 1971 for Treasury
issues of the following maturities:

1) two months6

2) three months

3) one to two years

4) five to six years

5) 15 to 20 years

To measure the return of the market as a whole we employ the Fisher
Index, which is an equally-weighted portfolio of all securities listed

8
on the New York Stock Exchange (NYSE). The risk-free rate for month t

is the yield to maturity stated at the beginning of month t for a bill

coming due at the end of month t.9

The means and standard deviations for these different series are
presented in Table 1. The average holding-period return tends to b~ higher
for the risky bills and bonds than for the riskless rate, though a cursory
examination suggests that the mean return on a risky asset is unrelated to
its length of maturity. The stock market index considerably outperforms
the other assets during our sample period, although it is well known that

the market index has underperformed the other assets in more recent years.



As the consumer price index increases at a less rapid rate than any of the
other assets, all of these other assets earn a positive real rate of
return. However, Table 1 shows that, on average, the real rate of
return for the riskless asset is under one percent per year.
Our results indicate that the standard deviation of return on a treasury
issue is positively related to its length of maturity. As we will show
that the returns on bills and bonds are related to observable variables
such as the past rates of inflation and the current riskless rafe, the

standard deviations of unanticipated movements in the returns on bonds are

less than the figures of Table 1. The variability of the Fisher index is by
far the greatest in the table, confirming the popular notion that the re-
turns on stocks are more variable than the returns on bonds,

The serial correlation coéfficients for the nominal returns on different
assets are presented in panel A of Table 2. These coefficients at short lags
are extremely high for the riskless asset, the two menths bill, and the three
monthsbill, and dampen only slightly as the lag increases. Much of this
correlation may reflect the fact that these nominal rates track the series
of consumer price changes, another autocorrelated series. As will be dis-
cussed later, the low serial correlation coefficients for the series of
real returns for these bills supports this view. The coefficients on the
nominal returns for the longer term bonds are much lower. Results to be
presented later suggest that the returns on these bonds do not track the
series of consumer price changes as well.

The returns on the stock market index show some evidence of positive

autocorrelation. However, as E. Fama and L. Fisher correctly state, the
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observed autocorrelation in an index may merely reflect an aggregation
problem.10 The results of Fama [4] and others showing low autocorrelation
coefficients for the returrs of individual stocks suggest that much of the
measured autocorrelation of the stockmarket index is indeed spurious,
Panels B and C of Table 2 present the serial correlation coefficients for
the real returns of stocks and bonds. This data will be discussed in detail
in later sections.

IV. Ewmpirical Tests of the Ceneralized Fisher Effect in Bonds

To test the propositions of Seetion II, we first measure the relation-
ship between inflation and helding period returns. Next we demarcate
inflation into its anticipated and unanticipated parts and relate each part
to holding period returns.

A, Inflation and Returns on Bonds

The following regression relates the rate of inflation to bond returns:

=a+bl -+
bet a t et ?

where:

bet is the holding period return over month t of a bond maturing

in X months.

It is the rate of inflation in month L, as measured by the consumer
price index (CPI),.

The data from these regressions are shown in Table 3. In four of the
five regressions, there is a positive relationship between the holding
period return and the rate of inflation. The t~values for b are signifi-
cantly different than zero in three of these regressions, We find a steady
decline in b, t(b), and R2 as we move to the bonds with longer maturities,

indicating that other factors besides the rate of inflation influence the



returns on longer term bonds. OQOur results should be contrasted with those
of Friend and Blume [12] who found a slightly negative relationship between

long term bonds and inflation using yearly data over the period 1902-1971.

Though the results suggest a positive relationship, the coefficients
in each of the 5 regressions is significantly below 1, Thus, the real re-
turns to bond holders decline during the times of high inflation. To a
large extent, the extremely low Dﬁrbin-Watson Statisties in the first two
regressions reflect the high serial correlations of the dependent variables.
These high correlation coefficients are presented in Table 2,

B. Anticipated Inflation and Returns on Bonds

Proposition 2, which is derived from the theoretical model of section
II, states that a one percent increase in the anticipated rate of inflation
should yield a corresponding one percent increase in the expected holding
period returns on bonds. We test this proposition empirically in the
présent section.

For the regression of the observed rate of inflation on the contempor-
aneous interest rate, Fama [5] finds the slope coefficient to be insignifi-
cantly different from 1 for the period from 1953 to 1971, a result
consistent with the I. Fisher effect.ll He concludes that the "evidence
is also consistent with the hypothesis that the expected real return on a
one-month bill is constant during the 1953-71 period,”12 implying that the
nominal interest rate in a given month minus the average real rate over the
19 year sample pericd can be used as a proxy for the - expected rate of in-
flation in that month. Previous studiesl3 have attemnted to estimate the
rate of inflation expected by the market for an autoregressive model of past
inflation rates. TFama regresses the interest rate on lagged values
of the inflation rate and concludes that these lagged values explain
only, perhaps, a third of the variability in the interest rate. He

states that the interest rate incorporates much information concerning
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the current rate of inflation that is not reflected in the lagged
inflation rates. Thus, the nominal interest rate for a given month
minus the average real rate over the 19-~year sample period appears to
be not only an unbiased estimator of the rate of inflation for that
month but "the evidence on market efficiency suggests that the market's
prediction of Et {the change in purchasing power) is the best that can
be made on the basis of informatien available at time t:-l."l4
As mentioned above, the generalized Fisher effect implies that
E(bet) =+ E(It), where o is a constant and E(It) is the inflatiocn
rate expected by the market at period t. Given the results of Fama, the

generalized Fisher effect also implies that b = 1 in the following regression:

&) bet=a+bet+et,

v

where th is the risk~free rate of interest at time t. Similarly, we

would expect that b = 0 in the regression:

5) g ~ @ + b th + et ,

_Rb X t+1

where ¢ is the real holding-period return, i. e. Towt ~1 4 It

bxt - L

The results of regression (4) are presented in Table 4. The value of b is

significantly different from zero in all but the last regression. 1In

addition, b is greater than gne in all but the last regression. The high

values of t(b-1) in the first two regressions sugpests that b is

significantly greater than one here, N
Similar results are obtained in the second panél of Table 4, where the

results of regression (5) are presented. The value of b is greater than 0

in the first four regressions, though t(b) is insignificant in each case.

The results of both panels of Table 4 are consistent with the generalized
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Fisher effect. 1If anything, the results of the first panel (in which b
is often significantly greater than 1) suggest that the holding-perioed

returns on bonds are overresponsive to changes in expected inflation.

This is in contrast to previous work on the Fisher effect for the risk-
less interest rate; we know of no other study showing this overresponsive-~
ness,

The coefficients of determination are quite high in the first two
regressions of panel 1, suggesting that expected inflation is a strong
determining factor in the holding period yields of short term bills.
However, R2 declines in the regressions with longer term bonds. This
implies that for longer term bonds other sources of variability are much
more important than the expected rate pf inflation. The coefficients of
determinination are also quite low for all regressions in panel 2, This
last fact is to be expected, as the generalized Fisher effect implies
independence between L and th.

As past rates of inflation are publicly available, they can be
incorporated into a forecast of future inflation. Thus, the following set
of regressions can serve as an additional test of the relationship between

returns to bondholders and expected rates of inflation:

6) R = ath It .+ S i>1

Since the time series of inflation rates is positively serially correlated,k
we would expect a positive valug for b. However, as we do not know

precisely how past rates of inflation are incorporated into the market's
forecast for inflation, the theory does not indicate an exact numerical

value for b. Conversely, the generalized Fisher effect implies that b is
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exactly zero in the following regression:

la]

73 = a+b It_i-i-e s i>»1l,

bxt t

as the real returns to an asset should be unaffected by publicly avail-
able information.

The results of regression (6) are presented in Table 5. To comserve
space the results of regression (7) are not presented, though they will be

briefly mentioned in the following discussion. In Table 5, only one value

of b is negative and most values of t(b) are significantly positive.
These results confirm our previocus evidence that the nominal returns
to bondholders are positively related to expected inflation. In additionm,
the values of b in regression (7) are insignificantly different from
zero in all cases. However, the generally lower values of R2 in Table 5
suggest that there is a great deal of information used to forecast
inflation which is independent of past rates of inflation., Again, the
low Durbin-Watson statistics when returns on the shorter termed bills
are the dependent variables 1s probably due to the high serial correla=-
tion of these variables.

C. Unanticipated Inflation and Returns on Bonds

It is difficult to use the propesitions of the previous section to
determine the theoretical relationship between unanticipated inflation and
the holding period returns of bonds. On the one hand, proposition 3 states

that, ceteris paribus there is no relationship between the amount of

unanticipated inflation over a given interval and the holding-period return
over that interval. On the other hand, previous researchersls have found.
that inflatiqn rates are serially correlated, suggesting that the expected

rates of inflation in future periods are related to the amount of
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unanticipated inflation in the present period. Thus, this fact and the

result of proposition 1 allow the possibility of a nepative relationship
between the holding-period return on a bond in a given period and the

amount of unanticipated inflation in the same period.

Therefore, the

results of section II do not suggest an unambiguous relationship here.

As mentioned previously, the results of Fama [5] imply that the term

(th - Ef) is a good measure of expected inflation, where r, is.the

f
average real rate of interest over our sample period. Therefore, the

term [It - (th - ;f)] can be used to measure unanticipated inflation

in month t. We investigate the effect of unanticipated inflation on

the holding-period returns to bonds by performing the following

regression:

8) bet = a4+ b [It - th} + et

The results of regression (8) for bonds of different maturities are presented
in Table 6. All five t-values for b are insignificant and the coefficients

of determination are extremely small. Thus the data do not suggest any

relationship between the returns on bonds and unanticipated inflation.
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D. Serial Correlation in Bond Returns

The previous sections preseﬁt evidence that the real holding-period
returns on bonds are not related to the expected rate of inflation over the
same period. However, inefficiencies might still arise if there are serial
dependencies in certain series. For example, with positive (negative)
serial correlation in the real holding-peried returns on bonds, an investor

might shift part of his portfolio into (out of} bonds fellowing high real
returns to bonds in the previous period.

The serial correlation coefficients for six lags for the real hold-
ing period returns of six different bonds and bills are presented in
panel B of Table 2, Taken as a whole, this panel does not suggest
any inefficiencies, Qut of the 36 coefficients on bonds, 20 are negative
and 16 are positive, Only three have a t-value above 2.0 and two have a
t-value below -2.0. 1In addition, since the rate of inflation for month t
is not published until month t + 1, only correlation in the lags greater
than one would provide profitable opportunities to investors. The evidence

for inefficiencies is even weaker when the correlation coefficients at lag
1 are ignored.

The term bet —th can be viewed as a type of "risk premium'", as it
measures the return 4n a risky bond over and above the riskless rate. Any serial
dependency in this risk premium suggests an inefficiency, since an investor-
might be able to use this dependency to periodically vary the ratio of his
holdings between the riskless aéset and risky bills and bonds. Panel
C of Table 2 shows the serial correlation coefficients for the terms

bet— th for five different risky bills and bonds. The first two bills
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exhibit serial correlation as 6 out of the 12 coefficients

are greater than two standard errors above zero and 10 out of these 12

values are positive. However, the coefficients are smaller for the last

three bonds. Here, only 3 out of the 18 are greater than two standard

errors above zero while one is greater than two standard errors below zero.

Eleven out of the 18 values are positive.

Taken as a whole, panels B and C of Table 2 suggest only
slight evidence for inefficiencies due to the serial correlation of
bond returns. Out of a total of 66 coefficients, 37 (56%) are positive,
In addition, due to the delay in the release of the CPL figures, investors
cannot always profit from serial correlation in the real returns at lag 1.
Ignoring the six coefficients for real returns at lag 1, we find that
only 32 (53%) of the remaining 60 values are positive. Taken individually,
there appears to be little tendency toward positive autocorrelation in the
real returns of any bill or bond or in the risk premiums of the risky bonds.
Only the risk premiums in the shortest bills exhibit significant positive
serial correlation,

V. Conclusions

This study examines the relationship between inflation and the holding
period returns to bonds. We found a positive relationship over the period 1953-
1971 between the returns to bondholders and concurrent rates of inflation, though
the implications of these results were obscured until the effects of anticipated
and unanticipated rates of inflation were separated. Much previous research
has tested Irving Fisher's hypothesis concerning the expected rate of
price change and the risk-free rate of interest, However, the relationship

between the anticipated rate of inflation and the returns to risky assets
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has. been examined in less depth. The theoretical relationship that a one
pexcent increase in anticipated inflation should yield a one percent
increase in the expected returns to bondholders was established in section
IT and termed the 'generalized Fisher effect." The empirical evidence of
section IV supports this effect. In addition, the predominant finding of
no autocorrelation for the series in panel B and C of Table 2 further sup-

ports both the Fisher effect and market efficiency.



-16-

Footnotes

*Much of this research has been supported by grants from the Rodney

L. White Center, University of Fennsylvania and from Fhe Graduate School
of Tndustrial Administration, Carnegie-Mellon Univer51t¥. The agthors
would like to thank Prof. Roger Ibbotson of the UniverS}ty of Chlcag?
and Rex Singuefield of the American National Bank of Chicago for their
helpful advice and comments, Robert Dingle of Carnegie-Mellon f?r
Computational assistance and helpful comnents, and Prof. John Bildersee
of the Wharton School for kindly providing his data on bonds.

1.

10.

Week or Fortune,
NELX ~2ttune

Some papers relating inflation to stock price movements are Body [2],
¥riend ang Blume [12], Nelson (871, and Reilly, Johnson & Smith [97], [1o].

This assumption of certainty is added purely for Simplicity. OQur

three propositions could be proved under uncertainty, though the
pProcedure would be more involved,

See Bildersce [1} for an explanation of the Procedure used tgo calculate
these holding period returns,

For example, the holding periopd return for a two-month bill in January
1960 is the return over the period from January 1 o January 31 for 4
bill maturing at the epd of February,

See Fisher [71.
See Bildersee [1].

See Fama [4].



11.

12.

13.

14,

15.

16.
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Fama states that the CPI was substantially upgraded in 1953 so that

his regressions using earlier data are not proper tests of the I.
Fisher effect.

Fama [5, p.277].

Roll {11] presents a review of many of these studies.

Fama [5, p. 281].

See Fama [5] and Rell {11].

Because the 66 coefficients may be related to each other in a complex
manner, the standard statistical tests assuming independence of
different figures could not be applied. However, the "eyeball" method

used here does not detect possibilities of serial correlations strong
enough to warrant the use of involved statistical procedures.
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TABLE 1

Sample Means and Standard Deviations for one Month Holding Period Returas

of Different Assets over the period January 1953 to December 1971

Series Mean Standard Deviation
Riskless Interest Rate' .002621 .001259

2 Month Bill .002886 . .001378

3 Month Bill . . 003092 .001545

1-2 Year Note .003239 004478

5-6 Year Bond .003001 .01141

15-20 Year Bond .002269 .01891

Fisher Tndex of Common Stocks .01107G .04239
Consumer Price Index .001895 .002307
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