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Tests of the Fisher Hypothesis with International
Data: Theory and Evidence

ALEX KANE, LEONARD ROSENTHAL, and GRETA LJUNG*

1. Introduction

THE FISHER HYPOTHESIS [7, 8] states that nominal interest rates adjust fully to
expected inflation. For years tests of this hypothesis followed Fisher [8] in
regressing nominal rates on a distributed lag of past inflation, which was used as
a proxy for the expected rate of inflation. (See Roll [15] for references.) Fisher
eventually concluded that nominal rates do not fully reflect expected inflation,
saying that “when the cost of living is not stable, the rate of interest takes the
appreciation and depreciation into account to some extent, but only slightly and
in general indirectly.” Fisher attributed this to money illusion. In more recent
years other researchers have explained the non-neutrality of inflation on grounds
of general equilibrium (Sargent [16]), and taxes (Darby [3] and Feldstein [6]).

A new method of testing the Fisher hypothesis was introduced by Fama [4].
He concluded that interest rates set in U.S. financial markets are informationally
efficient. Fama’s work highlighted the two separate (although not always distin-
guishable) elements in the Fisher hypothesis: 1) the effect of expected inflation
on the expected real rate, and 2) the question of whether or not the nominal rate
reflects a rational forecast of expected inflation. To test the informational
efficiency of nominal rates Fama [4] assumed a constant expected real rate,
arguing in the later paper that the efficiency test is robust with respect to the
assumption of the constancy of the expected real rate. This assumption has come
under severe criticism (Carlson [2], Nelson and Schwert [14]) on the grounds
that the efficiency results are not verifiable given the actual behavior of realized
real rates. Summers [17] extended the study of interest rates to the period 1860
to 1979, using both Fisher’s and Fama’s methods, and found that the results are
less favorable for the Fisher hypothesis. In a more recent study, Fama and
Gibbons [5] tested the Fisher hypothesis using a procedure developed by Ansley
[1] which assumes that the expected real rate follows a random walk. They
concluded that nominal rates fully reflect expected inflation at the same time
that the expected real rate adjusts to it.

This paper examines the question of whether international interest rates reflect
expected inflation in their respective countries. In doing so, we expand on the
previous work of Kane and Rosenthal [11]. We show that although Fama [4]
introduced a bias into his tests, his general approach was correct. We then
present simple time series tests and show that they fail for Eurocurrency rates.

* Boston University, School of Management. We would like -to acknowledge the able research
assistance of Karen Clark and Betty Yobaccio.
! Fisher [8], p. 43.
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We attempt to improve on these tests by estimating expected real rates for each
country using a Kalman filter. Finally, we run cross-sectional tests using Eurorate
data of four different maturities. The results of these tests show that Eurorates
include informationally efficient forecasts of inflation. When a stronger test of
efficiency is run by looking at the time series behavior of independently generated
residuals, the results are still favorable for efficiency.

II. Data Base Used in the International Tests of the Fisher Hypothesis

The international time series and cross-sectional tests analyzed in the following
sections use data obtained from Data Resources Inc. The data includes monthly
inflation indices and Eurocurrency rates for six countries (the United States, the
United Kingdom, Switzerland, West Germany, France, and Holland) for one,
three, six and twelve-month maturities. Monthly inflation rates were calculated
from the respective one-month indices, and these rates were in turn compounded
to arrive at three, six, and twelve-month inflation rates. The time period covered
by the data is February 1974 through June 1979, a period of freely floating
exchange rates.

Eurocurrency rates contain premia for default risk. Since data for default-free
(Treasury) securities exist for the U.S. and the U.K., the default premia were
calculated for these two Eurocurrency rates. That is d;; = R} — R;;, where R} is
the Eurocurrency rate and R is the Treasury bill rate.

II1. Time-Series Tests

There are two elements to the question of whether nominal interest rates adjust
to expected inflation: 1) Does the expected real rate vary, and, in particular, does
it covary with expected inflation 2) Is the nominal rate set to earn a required
rate of return so that it includes a premium equal to a rational forecast of
inflation. Clearly any test of the adjustment of interest rates must be a joint test
of the hypotheses about the two elements. Fama’s [4] important contribution
was in the introduction of a new methodology to test the second element. As
indicated before, Nelson and Schwert [14] have refuted Fama’s assumption of a
constant expected real rate. Their analysis led to other approaches, as discussed
below. It may be worthwhile to focus first on one of their specific arguments.

A. The Relevance of the Lack of Serial Correlation in Realized Real Rates

Fama [4] takes the lack of serial correlation in realized real rates to confirm
the constancy of the expected real rate and the efficiency of nominal interest
rates in incorporating expected inflation. That is, given a constant expected real
rate, any variation in realized real rates must be due to inflation forecasting

.errors. In this case the lack of serial correlation in realized real rates indicates
that nominal rates embody efficient inflation forecasts. Nelson and Schwert [14]
have argued that the variance of the inflation forecasting error may conceal
variation in expected real rates. They show that if the expected real rate follows
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a first-order autoregressive process, i.e., iy = ¢f—; + 0;, and if the realized real
rate contains a forecasting error, ¢;, so that r, = i, — ¢, then

po?

a§+af

Corr(ry, ri-1) = (1)
Therefore, a low serial correlation, as found by Fama, need not imply constancy
of expected real rates. While their argument cannot be refuted, they failed to
take something else into account. Suppose that the forecasting errors are corre-
lated and follow an AR(1) process, e, = Ye,—; + 7;, where ¢ is the coefficient of
correlation between successive forecasting errors. The correlation between pres-
ent and past realized real rates is then given by

Cov(s, 1) d 0
po} + Yol
a? + af

(2

Corr(r;, re—y) =
| H
Cov(s, €) =0

By looking at the components of (2) one can determine under what circum-
stances ¢ is going to be the major factor determining the correlation in realized
real rates. This will be the case if ¢? is large relative to ¢Z and if ¢ is non-
negative. The research of Nelson and Schwert and Fama and Gibbons suggests
that ¢ = 1 and ¢2 > 2. Therefore if the correlation as given in (2) is near zero,
then it is probably due to ¥ being equal to or close to 0. This implies that the
lack of serial correlation in realized real rates is a reasonable initial indication
that nominal rates incorporate expected inflation.

In this study we have performed serial correlation tests on realized real rates
and default premia using the data set described above. The autocorrelation
coefficients for twelve lags of the one and three-month realized real rates are
presented in Table 1.The coefficients are generally small relative to their standard
errors. Although the Box-Pierce @-statistic based on all twelve lags is statistically
significant at the 5 percent level in four out of the six countries for one-month
rates, this appears to be mainly due to some seasonality in the data. If the Q-
statistic is based on only 5 autocorrelation coefficients, its value is significant
only for West Germany. The three-month rates exhibit no significant autocor-
relation except for Holland, where the real rate seems to be negatively autocor-
related. The observation that expected real rates could be significantly autocor-
related and yet leave realized real rates virtually uncorrelated can be verified
from data on default premia available for the U.S. and the U.K. The autocorre-
lation coefficients for these two series are shown in Table 2. Although the default
premia of both the U.S. and the U.K. are highly serially correlated, these
autocorrelations fail to show up in the observed real rates. The fact that default
premia and expected real rates (as shown by Fama and Gibbons [5]) are serially
correlated, while realized real rates are nearly independent supports the hypoth-
esis that forecasting errors in real rates (which result from forecasting errors in
expected inflation) are serially independent. This implies that nominal rates are
efficient in incorporating inflationary expectations as suggested by Fama.
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Further evidence of the efficiency of nominal rates is given by the autocorre-
lation coefficients of realized inflation rates as shown in Table 3. The autocor-
relation coefficients in one and three-month inflation rates are greater than those
for realized real rates for all six countries. This is consistent with the hypothesis
that nominal rates adjust sufficiently to expected inflation to produce reasonably
serially uncorrelated realized real rates. When one takes into account the exist-
ence of serially correlated default premia, the results are even stronger in
supporting the efficiency of nominal rates.

B. Regression of the Rate of Inflation on Nominal Interest Rates

As stated earlier, tests of the Fisher hypothesis include a statement about the
neutrality of inflation, i.e., its effect or, rather lack thereof, on expected real

rates. Let the expected real rate be given by 7, = ui; + «;, where I, is expected
inflation, u is a measure of the impact of expected inflation on the expected real
rate, and «; is a measure of changes in the expected real rate due to factors other
than inflation. The nominal interest rate can now be written as

Rt=ft+ﬁit=at+(ﬂ+ﬂ){t (3)

where 8 is the reaction of the nominal rate to inflationary expectations. The
Fisher hypothesis is then equivalent to stating that u =0 and 8 = 1.

In Fama’s [4] original tests, he assumed that 1 = 0 and «; = F;, and estimated
the specification for the inflation rate as

it=Z¢+et=a+bRt+et (4)

The hypothesis that b = 1, and a = —F was then tested. If 4 < 0, as has been
argued by Mundell [3], and if 0 < 3 < 1, the specification of (4) would be

. 1 1

lt—”+ﬂat+ﬂ+ﬁRt+et (5)
Thus, in testing (4), b would be expected to be greater than one for large samples.
If «, is not constant and is correlated with the nominal rate, there will be a bias
in estimating the coefficient on R; as given in (4) such that

1 [1 _ Cov(a:, Rt)]

E®) =15 Var(R)

1 o2
=u+ﬁ[1_03+(n+ﬁ)26?] ©

An estimated value of b greater than 1 for a sufficiently large sample, would
suggest that the true value of u + 3 is less than 1. If the true value of u + § is
greater than 1, then one would expect to estimate a value of b which is less than
1, while the reverse is not true. In other words, if the bias makes the estimated
coefficient on R, smaller than its true value, and if the estimated value is greater
than 1, then the true value of b is expected to be greater than 1. On the other
hand, if the estimated value of b is less than 1, this could well be due to the bias
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and not because the true value is actually less than 1. In this case, the coefficient
is not a good test statistic and no firm conclusion can be drawn from the tests.
This is the case with Fama’s [4] tests, where the coefficient b is less than unity
for all T-bill maturities for the period 1953-1971. Kane and Rosenthal [11] have
run time series tests of equation (4) over the period February 1974 to June 1979,
using the Eurocurrency rates of six countries described in Section II. As indicated
before, these rates contain default premia which may increase the bias given in
(6). Estimates of (4) using one month rates are presented in Table 4a. All
estimates of the coefficient, b, are below 1, and in most cases are significantly so.
These estimates are most likely downward biased, impairing the value of this
form of the time series tests.

C. Regression with Variable Expected Real Rates

Fama and Gibbons [5] used T-bill data for the period 1953-1977 and first
estimated (4) obtaining b = 1.36 for one-month bills and b = 1.32 for three-
month bills. These results would lead one to accept the hypothesis that 8 + u <
1. Furthermore, there was serial correlation in the residuals, which suggests that
either the expected rate is serially correlated and/or the efficiency hypothesis
should be rejected. Next, Fama and Gibbons used an estimation procedure
developed by Ansley [1] that allows the expected real rate to follow a random
walk, 7, = Fi_1 + u,. The expected real rate is estimated simultaneously with

it = —bfA‘t + bRt + € (7)

Since nominal rates are set as R, = F, + Bi., the relationship in (7) can be written
as

1
lt=_Ert+ERt+€t. (8)
Using this method, they were able to correct for both the Mundell effect and the
bias in the regression coefficient, b. Estimating (7), Fama and Gibbons obtained
values of b = 1.15 for one-month rates and b = .93 for three-month rates, which
are much closer to the value expected for b, i.e., 1.

Table 4(a)
Estimated Coefficients (b) for Time
Series Test—Equation (4)—with One-
Month Eurorates—February 1974-June

1979
Nominal Rate

Country Coefficient(b) S(b)
U.S. .89 17
UK. .95 .35
Switzerland 44 21
West Germany .34 .19
France .30 11

Holland 24 24
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We estimated conditional expected real rates for the Eurocurrency market
assuming that these rates follow a random walk. A Kalman filter was used to
extract one month expected real rates and these were tested to see if they were
constant over time using a procedure discussed by Ledolter [12]. For three of the
six countries, we could not reject the null hypothesis that expected real rates are
constant over time. For the other countries, even though the hypothesis was
rejected, the variability in the respective series was relatively small.

The estimates of expected real rates discussed above were used in testing (7).
The slope coefficients from these regressions are presented in Table 4b. Using
the Kalman filter gets around the problem caused by the Mundell effect, lowering
the estimate of the coefficient on R,. At the same time, our method eliminates
the previously discussed bias which pushes up the estimate of b. Comparing
Table 4b with Table 4a, one can see that the coefficient for the U.S. drops,
implying that the Mundell effect is the overriding factor affecting b. For the
other five countries, the coefficient increases, implying that the bias is the
overriding factor affecting b for these countries. It is worth noting that just as
for the estimation procedure used by Fama and Gibbons, here too the t-statistic
and the R?%s are hard to interpret.

IV. International Cross-Sectional Tests

An alternative to time series tests of the Fisher hypothesis is to perform a cross-
sectional test using international interest rates. With perfect international capital
markets, expected real rates will be similar across countries (see Giddy, [9]),
lending power to the simple specification (4). For country j, j = 1, ---, J the
expected real rate is 7; = F + v;, where F is an underlying expected real rate for
all countries. Across country variance in real rates is given by ¢2. For nominal
country Eurorates, R;, it is necessary to include a default premium d; with

variance ¢3. Denoting country-expected inflation i; the analogue of specification
(4) becomes:

ii=g+ hR; + k; 9)
In an international setting, R; = 7; + ij, where (3 is a factor which reflects

Table 4(b)

Estimated Coefficients (b) for Time
Series Test—Equation (7)—with One-
Month Eurorates—February 1974-June

1979
Nominal Rate
Country Coefficient (b) S(b)
U.s. 81 .14
UK. 1.26 22
Switzerland 1.00 .20
West Germany 1.31 .19
France 71 .14

Holland .68 .25
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Table 5

Average Estimates of h with Specification (12) from 65 Cross-
Section Samples Over the Period 2/74-6/79

h t(h — 1.0) R? DwW
Average for 65 Months 1.33 1.29 .90 1.82
Average for Months 1-32 1.67 3.01 .87 1.81
Average for Months 33-65 1.01 =37 94 1.83

adjustment of nominal rates to expected inflation. Thus, the true relationship is
1 1

ij=—Er—ﬁ(Uj+dj)+BRj+€j. (10)
Estimating (9) leads to a downward bias in the estimate of h so that
1 o2 + 0% + gy
- = — 1
ER) Jij [1 ol + o3+ 02 + 20,,;]’ (1)

where ¢,; is an international Mundell effect. It is assumed that default premia
are quite similar across Eurorates at any point in time, and that the variance of
the expected real rate is also small relative to the variance of expected inflation.?

The practical obstacle to this approach is the small number of countries with
competitive markets. As mentioned above, we were able to obtain data for six
Eurocurrency markets. To increase the sample size, Kane and Rosenthal [11]
used four different maturities of Eurorates and inflation rates—one, three, six
and twelve months. Denote the nominal Eurorates for these four maturities by
Ry, Ry, Rej, Risj, and similarly for inflation rates iy, iy, lej, and i;y;. In short, let
R, represent Eurorates and i,; represent inflation rates where ¢t = 1, 3, 6, 12 and
j=1,...,6.In order to prevent correlation in the residuals of the same country,
due to the fact that longer maturity rates include those of shorter maturities, we
subtracted from each maturity the rate of the next shorter maturity. (For a given
country the one-month pair of Eurorates and inflation rates were left unchanged.)
Thus for the three-month rate, we use R% = Rs;; — Ry;; for the six-month rates
we use R§ = Rs; — Ry, etc. The same procedure is used for the inflation rates.
Since four maturities were used in each regression, three dummy intercept
variables were included in each regression—Dj, D¢, Dy2. The test analogue to
equation (10) is

l;'; =g + g3D3 + geDﬁ + g12D12 + hR;'; + u; (12)

with 4 X 6 = 24 observations for each cross-section. These cross-sectional
regressions were run for the 65 time periods in our sample. The average statistics
are presented in Table 5. The results are quite interesting. Observe that the
explanatory power of nominal interest rates is very high (the average R? is .90
for the 65 cross-sectional regressions). In the cross-sectional tests we accept the

2 These two assumptions seem reasonable in light of the results obtained by Fama and Gibbons
[5] in their tests on expected real rates and expected inflation rates in the U.S.
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fact that the coefficient h may be large due to a strong Mundell effect, i.e., 0,; <
0, and at the same time be downward biased due to across-country variation in
expected real rates. Indeed, the average value of the coefficient h for the 65 cross
sections is quite large, 1.33, although not significantly different from unity. It
would seem that the cross-sectional procedure using international interest rates
is at least as good as the time-series tests with variable intercept coefficients.

The results above provide a clear and positive indication that nominal interest
rates adjust to expected inflation. We ran a further test of nominal rate efficiency
by examining the time series relationship of the residuals generated by the cross-
sectional regressions. That is, a residual from each maturity and for each country
is independently estimated from each regression. We generated 24 sets of resid-
uals. Therefore, each time series contains 65 independent estimates for each
residual. For example, for the U.S., we have 65 residuals arranged in a time series
from February 1974-June 1979. The results of autocorrelation tests on the one-
month series by country are presented in Table 6. By and large, the residuals for
one-month maturity are generally not autocorrelated, or only moderately so. In
particular, the one-month residuals for the U.S. are totally uncorrelated. This
confirms the result of Fama and Gibbons that nominal U.S. interest rates are
informationally efficient with respect to inflation. In general, then, the cross-
sectional tests provide reasonable evidence of market efficiency.

V. Conclusions

This paper reviews and extends some recent tests on the efficiency of nominal
interest rates with respect to expected inflation. We show that Fama’s [4] time
series tests were in the right spirit but these tests cannot be relied on due to
possible biases in the coefficients obtained and the Mundell effect. The work
done by Fama and Gibbons [5] substantially improves on Fama’s earlier work
and leads one to conclude that nominal interest rates are efficient. We show that
cross-sectional tests using international interest rates can also provide a good
alternative test of efficiency. Results of those tests provide reasonable, although
not completely conclusive support for the concept of nominal interest rates
adjusting to expected inflation.
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