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This paper first replicates tests found in prior studies of the hypothesis that Treasury
bill rates are appropriate proxies for expected inflation over a given holding period.
The replication is extended using a time-variant cogfficient model 1o test for stability
of prior test results. Finally, the test models are examined over more recent periods
and over different inflation patterns. Time varian! coefficient models, rather than 1ra-
ditional constant coefficient models. are shown o he necessury 1o 1651 for the ase of
the Treasury bill rate as a proxy for expected inflation. Results from rhis study sug-
gest that the Treasury bill rate Serves as an appropriate proxy for expected iry‘."un'f)n
only over periods of low and stable inflation. For other periods, the common practice
of using the Treasury bill vate as the expected inflation rate 15 found to be inappropri

ate.

INTRODUCTION

‘The Treasury bill rate commonly is used as a proxy for expected inflation in empiri-
cal studies. Yet the conditions required for a high correlation between expected inflation
and Treasuory bill rates may not held for all periods. For example, Ratner {1989} preseits
test resulls suggesting that the Treasury bill rate is an appropriate proxy for monthly
expected inflation over the period studied by Fama and Schwert (1977) but not over a later
period studied by Ferris and Makhija (1987).

Ratner’s concemn for the appropriate use of the freasury bill rate as a proxy for
expected intlation is well-founded. Tests of whether, over a given period, the Treasury bill
rale serves as a reliable proxy for expected inflation should be the precondition for such
use. Ratner’s 1est method, however, implicitly assumes that the correlation between
expected inflation and the Treasury bill rate is constant. Ratner’s linding that the Treasury
bill rate is a good proxy for expected inflation in the period studied by Fama and Schwert
but not in the period studied by Ferris and Makhija simply may retlect time variation in
the coefficients of the test equation. Rawer’s findings also suggest that Gme vanation in
the real interest rate and in the expected infladgon-Treasury bill correfation exists in some
periods but not in others,

This paper has several purposes. The first aim is 1o determine whether a replication
of Ratner's study over the same periods produces findings consistent with constant coctli-
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cicnts for the test model. A time-variant coefficient model, of which the constant coetfi-
cient model is a special case, is used to cstimate the cocfficients in Ratner’s model and
test for cocfficient stability. A second objective of (be study is (o analyze the expected
inflation-Treasury bill rate relationship in more recent periods and in periods with differ-
enl inflation patterns. A 40 year interval from 1951 through 1990 is divided into four dif-
ferent subperiods with substantially different inflation patterns to discover whether the
relationships between expected inflation and Treasury bill rates vary.

‘I'he underlying premise of the Ratner and Fama and Schwert test model is developed,
and empirical results from the replication of the tests are provided. Empirical results from
a time-variant coefficient extension of the Ratner and Fama and Schwert test model also
are provided for the periods of the replication. Finally. the analysts is extended over more
recent subperiods and different inflationary environments.

THE FISHER EQUATION AND CONSTANT COEFFICIENT MODELS

Rescarch in finance and economics gives close atlention to the time serics relation-
ship between nominal rales of relurn on assets, real interest rates, and inflation.! Fisher
{1930 was the first to present the notion that nominal interest rates on risk free securities
{n) reflect a requircd real rate of return (1) plus a return covering expected inflation (i). The
Fisher equation specification is:?

Y ib+n ) =4 T+ =14 10 + 1) g G

Within this framework, studics focus on topics ranging from money illusion to the
role of stocks as a hedge against inflation. In most studies, market data are available for
the nominal rate of return, but proxies are needed for the real rate of return and expected
inflation. For expected inflation proxies, one approach uses exogenous estimates from
¢ither macroeconomic models of interest rate determination (Wilcox, 1983) or asset pric-
ing modeis (Evans and Wachtel, 1989).

An alternative approach, and the focus of Ratner’s paper, was developed by Fama
(19758) and is employed by Fama and Schwent (1977) and Ferris and Makhija (1987),
amonyg others. 'ama noles that interest rates in an efficient market provide a proxy for
expected inflation over the holding period of the security if the real rate is constant,
Fama’s proposition is illustrated by rearranging the Fisher equation

{41 = (Lang Y4100

and taking a log transformation as follows:?

i For cxa‘mplc, see studics by Bodie (1976), Jaffe and Mandelker (1976), Nelson (1976), Fama and Schwert
(1977), Fama and Gibbons (1982), Gultekin (1983}, Wilcox (198%), Ferris and Makhija (1987), and Evans
and Wachtel (1989), to mention only a few.

- The last term often is ignored becanse it is the product of small fractions. If so, the Fisher equation is
expressedasn | =g | +1i,.

3 i . . - .
The log transformation is needed when the full Fisher equation is used. Ratner and others 1gnore the inter-
action term of the Fisher equanion and sumply work with the 1, = -r,| + n,_; version of the Fisher equation.
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In(1+ip) = -In(1+1 1) + In(l+ny_).

If the expected real rate of return is a constant and the bond market is rational, an
empirical model based on ex post inflation and ex asnte interest rates is obtained:

(2) T, =bg+ by B +¢

where:
I; = 'The log of 1 plus the carrent observed inflation rate in period t; and
B, = TThe log of 1 plus the current Treasury bill rate.* which is set at time t-1.

The intercept term (bg) represents the negative of the log of 1 plus the constant expected
real rate of return. If the empirical estimates of by and b do not difier significantly from 0
and 1, respectively, then the Treasury bill rate set at time t-1 {B,) is an appropriatc proxy
for expected inflation.

Ratner and Fama and Schwert both test for the appropriatc usc of the Treasury bill
rate as a proxy for expected inflation by using ordinary least squares (OLS) estimation of
the empirical model in equation {2). Using a traditional F-test, Ratner supports the main-
tained hypothesis of Hg: bp=0, by = | for the February 1953 through July 1971 period of
the Fama and Schwert study, but rejects it for the January 1977 through December 1983
period of the FFerris and Makhija study. Ratner concludes that because the Treasury bill
proxy is shown to be appropriate in some time periods but not in others, researchers
should conduct similar tests before using it. The assumption by Ramer and Fama and
Schwert of a constant coefficient model as well as the sensitivity of the findings o the
model specification, however, remain to be tested. Moreover, Ratner does not explore
why the Treasury bill rate is a good proxy in some periods but not others.

REPLICATION OF CONSTANT COEFFICIENT TESTS

The constant coefficient model of equation (2) is estimated using O1.S over the two
periods examined by Ratner. These results serve mainly 1o validate data sources and vari-
able measurement across separaie studies. Monthly data on Treasury bill rates and the ex
post rate of inflation as measured by the Consumer Price Index are from the Tbbotson and
Associates (1990) data files. For purposes of comparison, the first four rows of Table 1
present both the results from Ratner’s paper and the estimated results from the present
replication.

The comparative findings shown in the first four rows of Tablc 1 suppori the same
conclusions reached by Ratner. The Treasury bill rale appears to scrve as an appropriate
proxy for expected inflation in the February 1953 through July 1971 period, as the inter-

Empirical tesults, however, do not appear 1o be sensitive fo these alternative versions of the Fisher equa-
tion.

4 Because Treasury bills are discount securities, the rate measure at time L is set at time t - 1.
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Table 1—Traditional Constant Coefficient Tests of the Treasury Bill Rate as a

Proxy for Expected Inflation (Model: |} = by + by By + e4)

Source Period by b, R? W F-test  Obs.
Ratner#l 2119583-7/11971 -.0006>* a1+ 27 1.81 653 222
(-1.97T) (9.1%)

Replication 2/1953-7/1971 -.0007** .94+ .29 1.77 421 222
(-2.19) (9.46)

Ratner# 1/1977-12/1983 0004+ 3T .03 .61 15.88* 84
(2.95) (2.33)

Replication L/1977-1241983 L0033+ 42+ .07 .63 13.34» 84
{2.95) (2.59)

F.ow [nflation 1/1951-12/1964 -.0003 127 .05 1.80 [.38 156
(-0.58) (2.91)

Rising Inflation 1/1965-12/1973 -.0009 1.09+* .21 2.00 0.22 108
(-1.05) (5.36)

High Inflation 1/1974-12/1982 0041* 0.40+* .08 70 23.5* 108
(4.55) (3.24)

Moderate Inflation  1/1983-12/1990 0030+ 0529 .00 1.16 25.3% 96
(2.54) (0.28)

"Taken from Table 1 on p- 79 of Ratner (1989)
The (-statistics are in parentheses
* and ** indicate significance at the | percent and § percent levels, respectively

The R? is adjusted for degrees of freedom

cept termn s close to zero and the slope coefficient is about 1, with an acceptable value for
the Durbin-Watson test statistic of 1.77, The F-statistic of 0.421 for the test of the joint
restrictions Hp: bg= 0, by = 1 is too low to reject the null hypothesis.

For the January 1977 through December 1983 period the estimated coefficients again
are close to Ratner’s, failing to support the joint restrictions of the null hypothesis, as
evidenced by a strongly significant F-statistic of 13.34. As in Ratner’s study, the Durbin-
Watson test statistic is significant, indicating the presence of serial correlation in the
residuals from the constant coefficient model over this later period. In light of this evi-
dence of possible model misspecification, Ratner uses a Cochrane-Qrcutt iterative proce-
dure to correct for first-order antocorrelation, although bis conclusions remain unchanged.
Overall, the findings in the first four rows of Table 1 demonstrate consistency between
Ratner’s study and the variable measures and data of this study.

Given the difference in coefficient stationarity for Ratner’s two sample periods
{(February 1953 through July 1971 and Janvary 1977 through December 1983) the appro-
priateness of the Treasury bill rate proxy over other sample periods and inflation patterns
is questioned. To investigate this issue, the constant coefficient model is estimated over
four separate subperiods from January 1951 through December 1990}, during which infla-
tion follows markedly different patterns.’ The first subperiod, from Januwary 1950 w
December 1964, is characterized by low inflation rates, averaging only 1.8 percent per

> We are grateful to an anonymous reviewer for the suggestion to extend the analysis to more recent periods
and define subperiods by differences in inflation patierns.



&4 QUARTERLY JOURNAL OF BUSINESS ANT ECONOMICS

year. The sccond subperiod, from January 1965 to December 1973, is characterized by ris-
ing inflation, going froin 1.6 percent in 1965 to 6.2 percent in 1973 and averaging 4.1
percent per year. The third subperiod, from January 1974 to December 1982, is character-
ized by relatively high inflation, averaging 9.0 percent per year. The fourth and final sub-
period, from January 1983 to December 1990, is characierized by moderately low and
stable inflation, averaging 3.9 percent per ycar.

The last four rows of Table 1 present regression results from the constant coellicient
test model for the smaller subperiods representing different inflation environments. The
insignificant F-statistics for the low and rising inflation periods do not allow rejection of
the joint restriction of by = 0 and by = 1. The coefficient 1-statistics also ofter support for
the use of the Treasury bill as a proxy for expected inflation, because the intereepts are
insignificantly different from zero and the slope cocfficients are about one. For morc
recent periods, characterized by high (January 1974 through December 1982) and moderale
(January 1983 through December 1990) inflation, the }-statistics and coefficient estimales
do not support the use of the Treasury bill rate to estimate expected inflation. These find-
ings are consistent with the periods studied by Ratner, since his test period of Febroary
1953 through July 1971 spans the low and rising inflation subperiods and the est period
of January 1977 through December 1983 matches the high inflation period.

All of the regression results in Table 1 are based on an implicit assumption that the
slope and intercept coefficients are constant over the test period. As the subperiod regres-
sion results show, the coefficients change dramatically from period 1o period, suggesting
instability. It is also possible that the coefficients of the (est equation exhibit random
yariation within a test period, violating a necessary restriction required for using the
Treasury bill rate as a proxy for expected inflation.

AN ALTERNATIVE TIME-VARYING COEFFICIENT MODEL
“The constant coefficient model of equation (2) is a special case of a morc general

time-variant coefficient model. When written in state space form, the time-variant coefhi-
cient model consists of one measurement cquaton,

(2) L =bg + by B+ e,

and two state equations,

(29 bge = bpg-1 + Uy

and

(2" by =bys + U2

where the two disturbance terms (uy,, uy,) in the state equations are assumed 10 be uncor-

related with each other and with the disturbance term in the measurcment equation (e,).
The time series processes followed by the coefficients of the measurement equation

(bgy. byy) are indicated by the standard errors of the disturbance terms in the state equations
(5], 62). Should one (or both) of these standard errors be nonzero, the associated coeffi-
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cient(s) follow a simple random walk.® There is no tendency for the coefficient to return
(o any particutar value or underlying mean in a random walk process, so the best ¢stimate
tor the time-variant coefficient in this case is its most recent value, by 1. On the other
hand, whenever one of these standard errors is zero, then by = by, for all t, and the asso-
ciated coefficient is a constant. [f both standard errors are zero, then both coefficients are
constants and the measurement equation (21 is identical to the empirical model of equa-
tion (2.

Kahl and Ledolter (1983) show how a recursive Kalman filtering approach obtains
simultancous maximum likelihood estimates of the two parameters of the general model’
of equations (2%, (2™, and (2"} o and o2. A likelihood ratio statistic proposed by
l.edolter (1979) and Kahl and Ledolter (1983) (distributed as x%, where the degrees of
freedom, p, is given by the number of time-variant cocfficients in the general model)
provides a test of the null hypothesis that both parameters (57, op) are jointly zero (i, a
constant coefficient process), against the alternative that they arc non-zero (i.¢., a time-
variant cocfficient process).

Empirical results from estimation of the time-variant coefficient model are provided
:in Table 2. For the period February 1953 through July 1971 the maximum likelihood
estimate of gy is 7ero, while o it estimated to be 0.0305. The likelihood ratio test statis-
ric’s value of 3.40 is not statistically significant, even ai the 10 percent level; the null
hypothesis of a constant coefficient modet (6] = o3 = 0) cannot be rejected. This result

Table 2—Maximum Likelihood Estimates of the Time-Variant Coefficient Model
Under Different Inflation Patterns

Standard Errers Likelihood Ratio
for State Equations Test Stattstic

Time Period )] ¥ f.6)

2/1953-7/1971 0.0 0.0305 3.40

Ratner Period

1/1977-12/1683 0.0025 0.0097 47.84%

Ratner Period

1/1951-12/1964 0.0 0.0 0.0

Low I[nflation

1/1965-12/1973 0.0 0.0577 B.68**

Rising Inflation

1/1974-12/1982 0.0012 0.0044 57.38*

High Inflation

1/1983-12/1990 0.0003 0.0 5.22

Moderately Low Inflation

* and ** indicate significance at the 1 percent and § percent levels, respectively

¢ While there are other, more complex time series processes that could be specified for the mode! coeffi-
cients. we follow Garbade {1977), who uses a random walk model Lo examine the stability of regression
coefficients in the demand for money in the U.S. In his study, Garbade shows that the well-known
Cooley-Prescott (1976) model is a reparameterization of this simple random walk model.

! ‘The recursive Kalman filtering algorithm allows coefficient estimates to vary with each monthly obser-
vailon in the sample. For more detailed applications of the procedure, see Gombola and Kahl (1990).
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confirms Ratner’s {and Fama and Schwert’s) untested assumption of constant coefficients
over the February 1953 through July 1971 period.

In contrast, for the period January 1977 through December 1983 the maximum like-
lihood estimates of o} and o; are both nonzero (0.0025 and 0.0097), and the likelihood
ratio test statistic’s value of 47.84 is highly significant, resulting in rejection of the null
hypothesis of a constant coefficient model (o) = a; = 0). Both the intercept term (b)) and
the slope termn (by,) follow a random walk over time. These results, with time-variant
properties for both by and by, suggest constantly changing monthly patterns for expected
inflation during this later period. Thus, the inappropriateness of the Treasury bill rate
proxy over this later period is attributable in part to the presence of significant time varia-
tion in the model's coefficients, a variation not shown for the earlier period studied by
Fama and Schwert.

Table 2 also presents maximum likelihood estimates of ¢ and o7 and the likelthood
ralio test statistics for each of the four subperiods used in Table 1. During the 1950s and
carly 1960s when inflation was low, both standard errors are estimated to be zero, leaving
a constant coefficient model as in equation (2). For the next subperiod of rising inflation
from the mid-1960s to the first oil price shock of 1973, the likelihood ratio test statistic
indicates that the constant coefficient model is rejected at the 5 percent level, because the
estimate of oy is still zero but the estimate of o7 is nonzero (0.0577). This finding illus-
trates the importance of testing for time variation in subperiods, as the January 1965
through December 1973 period is part of the longer February 1953 through July 1971
period tested by Ratner.

For the third subperiod of high inflation, from 1973 through 1982, estimates of both
61 and o7 are nonzero (0.0012, 0.0044) and the likelihood ratio test statistic is highly
significant. The constant coefficient model is casily rejected. Finally, for the fast subpe-
riod, after 1982 when inflation is stable and moderately low, the estimate of oy is nonzero
(0.0003) but the estimate of o7 is zero. In this final case the likelihood ratio test statistic
is again too low to be significant, so the constant coefficient mode} cannol be rejected.

Overall, the results in Table 2 demonstrate a relationship between different inflation
patterns and time variation of the coefficients in equation (2). In general, constant coeffi-
cient models are more appropriate in periods of low or moderately low and stable infla-
tion. For periods of high and rising inflation, there is significant time variation in the
coefficients of equation (2). This finding is intuitive, as the assumptions of the constant
coefficient model are most likely to be violated in periods of high and rising inflation.
Differcnces between ex post inflation and expected inflation should be greatest when infla-
tion is high and difficult to predict. Note also that the ex post real rate of interest varies as
ex post inflation deviates from the expected inflation rate. In the context of the Fisher
equation (equation (1)), the ex post real rate is lower (higher) when inflation is higher
(lower} than expectf:{:l.8

8 The findings are also consistent with the notion that inflation tends to be vverestimated m periods fol-
lowing high and rising inflation. Once lenders experience the consequences of unexpected inflation, i
takes a long time to lower expectations. In this case, the ex post inflation rate is fower than the ex anre
inflation rate, and the ex post real rate in cquation {2) is higher. The net result 1s a positive correlation
hetween inflation and the ex pos real rate estimate (by,).
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Table 3—Correlation Between Time-Variant Coefficients and Inflation

Correlation Correlation
Between Between

['tme Period I, and by I; and by,

1/1951-12/1964 N/A N/A

Low Inflation

1/1965-12/1973 N/A 3772%

Rising Inflation

1/1974-12/1982 8610* - 1118

High Inflation

1/1983-12/1990 2436% NIA

Moderately Low Inflation

* and ** indicate significance at the 1 percent and 5 percent levels, respectively

N/A means that correlations between coefficients and inflation are not applicable because a constant
coefficieni model is supported by the likelihood ratio test siatistics

The results in Table 2 introduce the possibility that the coefficients of the test model
vary systematically with the inflation rate. To test this hypothesis, correlations between
monthly coeffictent estimates and monthly inflation rates are calculated for the 1974
through 1982 and 1983 to 1990 subperiods, where coefficients are shown to have lime
variation. Results of the correlation analysis appear in Table 3; three of the four possible
correlation coefficients are positive and significant at the 5 percent level. The estimate of
the intercept term (bg,), representing the real rate of interest, is significantly positively
correlated with inflation in both subperiods where it shows time variation. The estimate
of the expected inflation-Treasury bill rate relationship (b)) has a significantly positive
correlation with inflation in the 1965 to 1973 subperiod, where inflation is rising.
Inflation does not have a significant correlation with the variation of coefficient by, during
the 1974 through 1982 subperiod, however, suggesting that more than just the level of
inflation may be a factor in coefficient instability.

Collectively, the findings of Table 2 and Table 3 offer an intuitive explanation for
constant coefficients in equation (2) over some periods but not others. The constant coef-
ficient model appears to be appropriate in periods where the inflation rate is low and sta-
ble, making it easier to predict. In a period of low inflation the differences between ex
post inflation and expected inflation are likely to be small, meeting an important assump-
lion of the constant coefticient model of equation (2). The finding of a positive correlation
between ex post inflation and the real rate estimate (by) in subperiods when the intercept
term is time variant also is consistent with macroeconomic phenomena. The marginal
productivity of capital, represented by the real rate of interest, and inflation both tend to
ris¢ with economic expansion and to be more stable during periods of slow growth. Thus,
a positive correlation exists between the real rate of interest (by,) and ex post inflation in
periods when the real rate varies significantly.

CONCLUSIONS
This paper explores the common practice in time series studies of using the Treasury
bill ratc as aproxy for expected inflation. Ratner’s tests of the validity of the Treasury
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Table 4—Summary of Test Results for Time Varying Coefficients and Joint
Restrictions _on Constant Cosfficients

Treasury Bill Rate as a Proxy

Time Period Appropriate Model for Expected Inflation
Low [nflation Constant Coefficien

1/1951-12/1964 Equation (2) Yes

Rising Inflation Time Varying Coeffictent

1/1965-12/1973 tiquation (2) No

High Inflation Time Varying Coefficient

1/1974-12/1982 Equation (29 No
Moderate Inflation Constant Coefficient

171983-12/1990 Equation {2) No

bill rate as a proxy for expecied inflation are replicated over periods for which other
authors (Fama and Schwert and Ferris and Makhija) use it. Ratner’s constant coefficien!
test model is extended to allow for a more flexible time-variant coefficient model. Results
from the time-variant model indicate that the constant coefficient test model and the usc of
the Treasury bill rate as a proxy for expected inflation are appropriate only for a perind of
low inflation (January 195! to December 1964). In all later periods, howevcer, the cocffi-
cients of the test model are either time-variant or do not conform (o the joint hypothesis
that by = 0 and by = 1, invalidating use of the Treasury bill rate as a proxy for expected
inflation. Table 4 summarizes these findings.

Results from the replication of Ramer’s study demonstrate that the coefficients of the
test model are constant in some subperiods and not in others. In general, the coefficients
of the test mogdel are constant in subperiods characterized by low and stable rates of infla-
tion. Tests for stability of the coefficients must be conducted first before results of con-
stant coefficient test equations can be interpreted.

For subperiods where time variation in coefficients of the test model is found, find-
ings of significant positive monthly correlations between ex post inflation and estimated
coefficients reinforce the conclusion that variation in the test model’s coefticients is
related to inflation patterns. Extensions of this analysis to consider systematic overesti-
mation (underestimation) of expected inflation in different infiation environments are
straightforward, but beyond the scope of this paper.
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