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Some International Evidence on the
Exogeneity of the Ex-Ante Real Rate of
Interest and the Rationality of
Expectations™

Litterman and Weiss (1985) report evidence in support of the joint hypothesis that
the ex-ante real rate of interest is exogenous and expectations are rational using
postwar U.S. data. This paper explores the robustness of their findings across coun-
tries, sample periods, data definitions, and to the inclusion of supply shocks. The
joint hypothesis of exogeneity of the real interest rate and the rationality of ex-
pectations is supported in all cases when supply shocks are omitted from the model.
However, when supply shocks are included in the model, the hypothesis does not
fare as well. Another implication of their results, that the ex-ante real rate follows
a stationary AR(1), is also supported, but there is some sensitivity to the choice of

sample period.

1. Introduction

In models in which money matters for real activity, the real
interest rate is typically the channel through which money reaches
the real sector. Changes in the money supply cause changes in the
ex ante real interest rate, which in turn cause changes in real ac-
tivity. The important role played by the real interest rate in these
models, as well as the need for an assumption regarding the evo-
lution of the real rate over time in tests of the market efficiency
hypothesis, has led to the search for the causes of movements in
the real rate of interest. Fama (1975) argues that over the time
period 1953-1971 the data are consistent with the assumption that
the ex ante interest rate is a constant. He then tests the hypothesis
of market efficiency under the maintained hypothesis of a constant
ex ante real interest rate. In later work, Nelson and Schwert (1977),
Garbade and Wachtel (1978), Fama and Gibbons (1982), and Mish-
kin (1984) show that if the sample is extended beyond 1971, the ex

*I would like to thank JoAnna Gray, Dave Spencer, Steve Haynes, and Joe
Stone for their helpful comments. I would also like to thank the referees for some
very valuable suggestions.
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ante real rate appears to follow a random walk. Accordingly, Fama
and Gibbons’ test of the market efficiency hvpothesis for the ex-
tended sample 1953-1977 is conducted under the maintained hy-
pothesis that the ex ante real rate follows a random walk.

Other researchers, such as Hess and Bicksler (1975), Levi and
Makin (1978), Melvin (1982), Hoffman and Schlagenhauf (1982),
Wilcox (1983), Makin (1982, 1983), and Mishkin (1984) argue that
the real interest rate is determined by its own past, as in random
walk models, as well as some additional variables. For example,
Mishkin (1984) examines the relationship between the real rate and
anticipated inflation in a multi-country study. He finds that antic-
ipated inflation helps to predict real rates in many countries, but
not in the United States. Levi and Makin (1978) add inflation un-
certainty as a determinant of real rates. Makin (1982) also looks at
the role of inflation uncertainty in explaining real rates as well as
the role of fiscal policy. Wilcox (1983) shows that supply shocks are
important determinants of real rates and resolves some longstanding
puzzles concerning coefficient instability in real interest rate equa-
tions. Thus, unlike earlier work where the real rate is a constant,
or later work where the real rate is assumed to follow a random
walk, this line of research argues that the real rate is determined
by demand-side factors such as anticipated or unanticipated money,
inflation uncertainty, and government deficits as well as supply-side
factors, such as the price of oil or other primary inputs to produc-
tion.

In contrast to this large body of work is the widely cited paper
by Litterman and Weiss (1985), who find. that the ex ante real in-
terest is exogenous with respect to money, inflation, and real out-
put. In their work, the ex ante real rate is found to depend upon
a constant and its own past. They soundly reject the hypotheses
that the real rate is a constant and that the real rate follows a ran-
dom walk. Instead, they find that the real rate follows a stationary
AR(1) process. Thus, their work does not support the view that the
real rate is a constant or a random walk, nor does it support the
view that the real rate depends upon demand-side factors such as
money and changes in the inflation rate.

The Litterman and Weiss results are viewed by many econ-
omists as evidence in favor of a real business cycle interpretation
of aggregate fluctuations. However, the fundamental driving force
in real business cycle models, supply shocks, are omitted from their
model. This paper explores the robustness of the Litterman and
Weiss results to the inclusion of supply shocks. Additionally, this
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paper explores the robustness of the Litterman and Weiss.resglts
across countries, sample periods, data definitions, and estimation
technique. These are all factors which have been shown to affect
estimates of real interest rate equations.

The exogeneity of the real interest rate and the rationality ‘of
expectations is supported in all cases when supply shocks are omit-
ted from the model. However, when supply shocks are included,
the exogeneity and rationality hypothesis is overturned in three of
the six countries examined, including the U.S. The failure to reject
exogeneity of the ex ante real rate with respect to demand-side fac-
tors reported in this paper for Canada, Germany, Italy, Japan, the
United Kingdom, and the United States suggests generality of the
conclusion that monetary instability is not a central cause of mac-
roeconomic fluctuations, «at least in so far as monetary instability
operates through the ex ante real interest rate. The results 1r.1dlcate
that supply shocks are a more likely cause of macroeconomic fluc-
tuations driven by movements in the real rate of interest.

The Litterman and Weiss finding that the real rate follows a
stationary AR(1) is also examined. The results indicate that this con-
clusion may be due to choice of sample period.

2. The Econometric Methodology
Consider the following five-equation VAR model:

4

Ri=apt z {a}iRt—i +ayY, + anM,; + aym_; + alS,d + ey
i=1
4 -

Y, = ayp + z {aéiﬂt—i + agx‘yt—i + agth—i + a;iﬂl—i + anS,—} + eas
i=]1

4

5 .

M,=az+ 2 {asR,_; + a5 + agth—i + aym; + @3S} +oeas
i=1

1
T = Ayt E {agR._; + agY,; + aith—i +oayme T aySe i}t oews
i=1
* =
S, =as + 2 {asR.—; + a5, + agth—i +asmo + aiS. i} +oes; (1)
i=1

where

R, =r, + Em,,, = the nominal interest rate,
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r, = the ex ante real rate of interest,

Y, = the change in the log of real output,

M, = the deviation of the change in the log of the nominal money
stock from trend, as in Stock and Watson (1989),

= the inflation rate,

= a supply shock.

2
il

'E/J
f

The inclusion of the variables R,, Y,, M,, and m, follows Lit-
terman and Weiss (1985), except that output and money are mea-
sured in growth rates rather than levels." Supply shocks are proxied
by changes in the world supply of materials, measured as the ratio
of the implicit price deflator for imports to the GNP deflator mul-
tiplied by the effective exchange rate. See Wilcox (1983) for details.

The hypothesis that the ex ante real rate is exogenous, or
Granger-causally prior, is expressed as

r,=by+ b, +u. (2)

The assumption that r, follows an AR(1) process, as opposed to a
more general AR(p) process, follows Litterman and Weiss.

Adding and subtracting equivalent terms to both sides of
Equation (2) produces

R,=by+ bR+ Emyyy — bE,_m, + u,, 3)

where E,m,,, is the mathematical expectation of m,.; conditional on
time ¢ information. Equation (3), along with the assumption that
market participants form rational forecasts of future inflation rates,
imposes testable restrictions on the five-variable VAR model given
by Equation (1). Since there are 21 free parameters in the expres-
sion for R, given in Equation (1) and only 2 free parameters in
Equation (3), the hypothesis that the ex ante real rate of interest
follows an AR(1) process imposes 19 testable restrictions on the (un-
restricted) VAR model given by (1).2

'The use of deviations of the money growth from trend and output growth fol-
lows Stock and Watson (1989). Levels of R, and 1, are used because specifying these
variables as growth rates forces a unit root into the ex ante real interest rate equa-
tion. This would be inconsistent with the evidence reported below. Additionally,
it is the omission of the trend term in the money growth rate which is responsible
for the bias in the F-statistics in previous work reported by Stock and Watson, a
problem not present here.

2A step-by-step explanation of how real rates are constructed is available upon

request.

36

re
ed

is
cC
st

w

th

le

w

— et L) o R e D W O




interest,

[ real output,

1ige in the log of the nominal money
Stock and Watson (1989),

bles R,, Y,, M,, and m, follows Lit-
ot that output and money are mea-
n levels.’ Supply shocks are proxied
of materials, measured as the ratio
r imports to the GNP deflator mul-
» rate. See Wilcox (1983) for details.
ex ante real rate is exogenous, or
ssed as

“byr +ou, . (2)

an AR(1) process, as opposed to a
lows Litterman and Weiss.
squivalent terms to both sides of

Emy — blEt—lTrt + u,, 3)

al expectation of m,,; conditional on
3), along with the assumption that
al forecasts of future inflation rates,
the five-variable VAR model given
e 21 free parameters in the expres-
(1) and only 2 free parameters in
at the ex ante real rate of interest
s 19 gestable restrictions on the (un-
7 (1).

v growth from trend and output growth fol-
£ R, and m, are used because specifying these
-oot into the ex ante real interest rate equa-
the evidence reported below. Additionally,
the money growth rate which is responsible
ous work reported by Stock and Watson, a

real rates are constructed is available upon

Some International Evidence

The test of the restrictions is conducted as follows. First, the
restricted version of the model is estimated using iterative nonlin-
ear generalized least squares and the sum of squared residuals from
the restricted model (SSR,) is obtained.® Next, the unrestricted model
is estimated (weighted by the variance-covariance matrix from the
constrained model) to obtain the unrestricted sum of squared re-
siduals (SSR,).* The test statistic is then

2T[ln SSR. — In SSR,], 4)

which is distributed Chi-squared with degrees of freedom equal to
the number of testable restrictions (19 in the five-equation model
used here). The resulting test statistics are asymptotically equiva-
lent to maximum likelihood.?®

3. The Data

Litterman and Weiss conduct their tests using quarterly U.S.
data for the period 1949-1983. Neither their data definitions nor
sample period can be matched for Canada, Germany, Italy, Japan,
and the United Kingdom, the OECD countries used in this study.
For this reason, estimates are reported for several alternative sam-
ple periods and data definitions. The estimates labeled A in the
tables below are for the Litterman and Weiss sample period, 1949:ii
to 1983:ii. The estimates labeled B are for the shorter period 1955:ii
to 1983:ii, dictated by data availability for the OECD countries.
Two additional sample periods are shown in the tables. Sample pe-
riod C is 1949:ii to 1983:ii with 50:ii to 51:ii removed, and sample
period D is 1949:ii to 1983:i with 50:ii to 51:i and 79:iv to 82:i

*The SSRs are defined as the trace of the variance-covariance matrix. In the
actual estimation conducted in the next section, the estimates were iterated until
the change in the variance-covariance matrix was less than 0.001. For further details
see Mishkin (1983).

‘Weighting the unconstrained estimates by the variance-covariance matrix from
the constrained model imposes a desirable degrees of freedom correction. For de-
tails see Mishkin (1983).

®Litterman and Weiss obtain their test statistics from direct maximization of the
likelihood function, which is equivalent to minimizing the determinant of the vari-
ance-covariance matrix. It is shown below that the asymptotic equivalent to maxi-
mum likelihood used here produces nearly identical results.

®The simultaneous equation estimation technique used here avoids the problems
associated with the use of generated regressors present in two-step estimators. See
Mishkin (1983), Pagan (1984), and Hoffman, Low, and Schlagenhauf (1985).
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removed. The period 50:ii~51:ii is the preaccord period, and 79:i0~
82:i is the period of the recent shift to the nonborrowed reserve
operating procedure. Omitting these subperiods excludes episodes
where the conduct of monetary policy has changed and different
interactions of the key variables may be present. The sample pe-
riods C and D, along with the corresponding estimates and test
statistics, are taken from Litterman and Weiss for purposes of com-
parison. Turning to the data definitions, the label LW indicates data
definitions identical to those used by Litterman and Weiss for the
United States. The label OECD, which is attached to all of the
OECD countries, indicates the use of quarterly data from the In-
ternational Financial Statistics Yearbook and the OECD Financial
Statistics Yearbooks: 1955-1971 and 1963-1983. The two sets of
definitions differ most significantly for measures of aggregate price
and real activity. Litterman and Weiss use the CPI less shelter and
a measure of industrial production, while the measures for the OECD
countries are the CPI with shelter included and a measure of real
GNP or real GDP.

4. The Results

The test statistics for the joint hypothesis of exogeneity and
rationality are presented in Table 1. This hypothesis is not rejected
for any of the countries, sample periods, or data definitions at the
95% level of significance when supply shocks are omitted from the
model. These results strongly support the Litterman and Weiss
conclusion that the ex ante real rate of interest is exogenous.

When supply shocks are included in the model, the conclu--

sion that the ex ante real rate is exogenous does not hold with the
same generality. In three countries, Canada, Italy, and the United
States, the hypothesis is rejected. In the other three countries,
Germany, Japan, and the United Kingdom, the addition of supply
shocks has very little effect on the test statistics and the hypothesis
is not rejected. These results give some credence to the real busi-
ness cycle interpretation of the Litterman and Weiss results for the
U.S.

The estimation technique employed in this paper differs from
that used by Litterman and Weiss. The results in rows 1 through
8 in Table 1 are obtained using the asymptotic equivalent to max-
imum likelihood described above, while the results shown in rows
9 through 11 are reproduced from Litterman and Weiss where di-
rect maximum likelihood estimation is used. The estimates shown
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TABLE 1. Joint Tests of the Exogeneity of the‘Ex Ante Real
Rate of Interest and the Rationality of Expectations

Without With

Sample Supply Supply
Country Period® Data® X158y X*(19)
1. Canada 55:i-83:iv  OECD 2(33(15) S(ggg)
2. Germany 55:i-83:iv  OECD l((l);g) 1(%22)
3. Italy 55:¢-83:iv OECD (83?)) 4([(5)(1)(6»
4. Japan ‘ 55:i-83:iv  OECD (?)g;) 1(882)
5. United Kingdom 55:i-83:iv  OECD Z(gg% 2(3'{%
6. United States 55:i-83:iv  OECD l(ggg) 3((8;3411)
7. United States 55:i-83:iv  CITI (?)glgg) fzg (1)2)
8. United States 49:{-83:ii CIT1 l(ggg) 82(5)34;
9. United States 49:i—83:if CITI (ggg) —
10. United States 49:i—-83:1i CITI 2((1)(153) —
11. United States 49:i-83:4i CITI l(ggg) —

NOTES: Marginal significance levels appear in parentheses. Lines 9-11 are re-
inted fi Litterman and Weiss (1985). ' o ) )
pm;‘Tehe ;;)rr:llplel periods in lines 10 and 11 are 49:i-83:ii; w1th.50:u—51:u removed
and 49:i-83:ii with 50:i-51:ii and 79:iv-82:i removed, respectively.
“The data is described in the text.
“The critical values at the 5% and 10% levels are 25.00 and 22.31.
dThe critical values at the 5% and 10% levels are 30.14 and 27.21.

in rows 8 and 9 for the model without supply shocks provide a
direct comparison of the two methods. The test staftistlc.s corre-
sponding to rows 8 and 9 are very similar and yield. 1der‘1tlcal out-
comes for the joint hypothesis of exogeneity and rationality. '.I‘h.us,
in this case, the two estimation techniques produce very similar
results.
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Table 2 presents estimates of the ex ante real interest rate
equation for the same data definitions and sample periods appearing
in Table 1.7 The coefficient on the lagged value of the ex ante real
interest rate, b,, is significant at the 95% level for every country,
sample period, and data definition, and in both versions of the model.
Additionally, in the model with supply shocks included, the esti-
mates are larger in every case except Canada. The constant term
is significant at the 95% level in Germany and in the United States
when supply shocks are excluded. When supply shocks are included
the constant term is insignificant in the United States as well. Only
Germany exhibits a significant constant term. Furthermore, when
supply shocks are included, the estimates of the constant term are
closer to zero in every case except the United Kingdom. Thus the
results presented in Table 2 are generally supportive of the Litter-
man and Weiss result that the ex ante real rate depends upon its
own immediate past, but not a constant term.

The Litterman and Weiss conclusion concerning the stationary
AR(L) specification for the ex ante real rate fares well across coun-
tries, but there is some variation in the estimated value of b, across
countries and across sample periods in the United States. The cross-
country results are shown in rows 1 through 6. The coefficient on
the lagged value of the ex ante real rate varies from 0.600 for the
United Kingdom to a value of 0.905 for the United States when
supply shocks are omitted and from 0.615 to 0.923 when supply
shocks are included. In every case, a standard ¢-test rejects the hy-
pothesis of a random walk.? Therefore, neither of the standard as-
sumptions used in tests of market efficiency, that the real rate is a
constant and that the real rate is a random walk, is supported.

The results for the United States are shown in rows 6 through
9. The results indicate that the coefficient on the lagged real rate
differs according to the time period examined. For the longer time

’Sample periods C and D are listed in Table 1 but not in Table 2. This is
because Litterman and Weiss do not report the estimates of the real interest equa-
tions in these cases; they only present the outcomes of the exogeneity tests.

8Dickey-Fuller tests performed on the estimated real interest rate series result
in the same conclusions as the t-tests reported in the text. However, this evidence
is only suggestive. To my knowledge, no formal test of the unit root hypothesis
exists in this case. This is because no adequate distribution theory in the spirit of
Dickey-Fuller tests exists for the case of systems of equations with non-linear cross-
equation parameter restrictions. Even if such a test did exist, it would likely suffer
from the lack of power that plagues standard unit root tests. See Nelson and Plosser
(1982) and Blough (1990).
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With
Supply

Without
Supply

b,
0.840

bo
0.198

(0.123)
0.390

(0.187)
~0.088

b,
0.850
(0.056)

bo
0.199

0.117)

Data®

OECD

Sample
Period

Country
1. Canada

55:i—83:iv

(0.058)
0.838
(0.071)

0.829
(0.074)

0.396
(0.189)

—0.098

OECD

55:i—83:iv

2. Germany

0.843
(0.043)

0,838
(0.016)

OECD

55:i—-83:iv

3. Italy

(0.082)
0.020

(0.055)

0.867
(0.035)
0.615

0.033 0.831
(0.027)

OECD

55:i—83:iv

4. Japan

(0.090)

(0.086)

0.029
(0.163)

0.019 0.600
(0.080)

OECD

55:i—83:iv

5. United Kingdom

(0.086)
0.923

(0.163)
0.138
(0.047)

0.122
(0.062)

0.905
(0.023)

OECD

55:1—-83:iv

6. United States

(0.030)

0.131 0.914

(0.054)

0.898
(0.021)

0.144
(0.043)

CITI

55:i—83:iv

7. United States

(0.026)

0.772
(0.054)

0.130
(0.090)

0.724
(0.049)

0.170
(0.078)

CITI

49:1—-83:ii

8. United States

0.760
(0.051)

0.156
(0.108)

CITI

49:i-83:ii

9. United States

) . g . ) iss (1985).
NOTES: Standard errors appear in parentheses. Line 9 is reprinted from Litterman and Weiss (1985)

*The data is described in the text.
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period A, the estimates of the coefficient are 0.724 and 0.760 when
supply shocks are omitted, and 0.772 when supply shocks are in-
cluded. For the shorter time period B, the estimates are 0.898 and
0.905 without supply shocks and 0.914 and 0.923 when they are
included, estimates which are not immune to the suspicion that the
ex ante real rate follows a random walk, even though a standard ¢-
test refutes this. Therefore, the conclusion that the ex ante real
interest rate follows a stationary AR(1) process is generally sup-
ported, but the choice of sample period does seem to matter with
respect to the strength of the conclusion.®

Finally, estimation technique appears to make little difference
in the estimates of the ex ante real interest rate equation. Com-
parison of rows 8 and 9 for the model without supply shocks reveals
that the estimates derived from direct maximization of the likeli-
hood function shown in Equation 9 are very similar to those ob-
tained from the asymptotic equivalent used here. There does ap-
pear to be some difference in the estimates of the intercept terms
and their standard errors, but the difference is fairly small. The
slope coefficients and their standard errors are nearly identical.

5. Conclusions

This paper examines the joint hypotheses of the exogeneity of
the ex ante real interest rate and the rationality of expectations across
six countries for equivalent data definitions and sample periods and
within the United States for various sample periods and data def-
initions. The results support the Litterman and Weiss finding that
the ex ante real rate is exogenous when supply shocks are omitted
from the model, and this result is robust to variations in the sample
period, data definition, and country used to carry out the tests.
However, when supply shocks are included, the exogeneity and ra-
tionality hypothesis is rejected in three of the six countries in the
study, including the United States. Thus, the results support the
conclusion that demand-side factors such as money growth do not

Results for the sample period 1964:i-1983:iv were also estimated for all six
countries using the OECD data in the model without supply shocks. The outcomes
of the joint hypothesis of exogeneity and rationality were the same as in the first
column of lines 1-6 in Table 1; the test is not rejected for any country. The es-
timated real interest equations were also similar to those shown in the first column
of lines 1-6 in Table 2. These estimates, omitted for brevity, are available upon

request.
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try used to carry out the tests.
included, the exogeneity and ra-
three of the six countries in the
s. Thus, the results support the
rs such as money growth do not

-1983:iv were also estimated for all six
del without supply shocks. The outcomes
rationality were the same as in the first
is not rejected for any country. The es-
imilar to those shown in the first column
omitted for brevity, are available upon
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cause the real interest rate to vary, but supply-side factors do affect
the real rate in half the countries examined. "

In models where money affects the real sector, the real in-
terest rate is typically the channel through which money affects the
real sector. In real business cycle models, the real interest rate
changes in response to variations in the demand for capital brought
about by supply shocks. The exogeneity of the real rate of interest
with respect to money reported in this paper suggests that mone-
tary instability does not operate through the real interest rate chan-
nel. The rejection of the exogeneity of the real rate in half the
countries when supply shocks are included in the model suggests
that fluctuations in the real interest rate are more likely the result
of supply shocks.

The results presented here are supportive of the stationary
AR(1) specification for the ex ante real rate estimated by Litterman
and Weiss. Litterman and Weiss (1985, 152) state that the hy-
potheses that “the Markov parameter equals zero and one, respec-
tively—are soundly rejected on all samples,” implying that the Fama
and Gibbons hypothesis that the real rate is a random walk used
in their tests of market efficiency is incorrect. The results obtained
here also support this conclusion, though in the results for the United
States, the Markov parameter is above 0.90 in the results using the
shorter sample period. The results of this paper suggest that tests
of the market efficiency hypothesis should allow for the possibility
of a stationary representation of the real rate instead of the random
walk model typically assumed, and also include supply shocks as an

explanatory variable.
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