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ABSTRACT

Recent work with survey data indicates that survey forecasts of
inflatioﬁ and interest rates are not rational. However, because the be-
havior of a market is not necessarily the same as the behavior of an average
individual, this survey evidence does not demonstrate a lack of rationality
in market forecasts. This paper develops and conducts tests rationality
in the bond market using security price data, and these tests are similar
to those conducted on survey data. The results provide no evidence that
bond market forecasts of interest rates are irrational and this casts doubt
on the accuracy of survey measures of interest rate forecasts as a descrip-
tion of bond market behavior. Results on inflation forecasts in the bond
market are more mixed. This paper also makes the argument that empirical
tests in Modigliani and Shiller's seminal paper are incomplete. WNew evidence
using the test procedures developed here confirms Modigliani and Shiller's

conclusion that the term structure of interest rates is "rational."
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INTRODUCTION

This paper conducts tests of the rationality of both inflation and short~term
interest rate forecasts in the bond market. These tests are developed with the
theory of efficient markets and make use of security price data to infer information
on market expectations. A closer look at whether market forecasts of inflation and
interest rates are rational seems necessafj because of recent work (James Pesando, John
Carlson, Donald Mullineaux and Benjamin Friedman) which has evaluated the inflation
and interest rate forecasts from the Livingston and Goldsmith-Nagan surveys. A
common empirical result in these studies 1s that the survey forecasts are inconsis-
tent with the restrictions implied by the theory of rational expectations. What
conclusions about the behavior of market expectations should we draw from these re-

sults?

One view which associates survey forecasts with those of market would take these
empirical results as evidence that the market is not exploiting all information in
generating its forecasts. The B. Friedman resuits are particuiarly disturbing in re-
gard to the possible irrationality of the bond market because this study uses data
from the Goldsmith-Nagan interest-rate survey which is made up of interest-rate fore-
casts from actual participants in that market.

An alternative view would hold that markets probably do display rationality of
expectations. Irrationality in the Livingston and Goldsmith~Nagan survey data would
then indicate that these data cannot be used in empirical work to describe market
expectations.1

There are two reasons why the latter view receives support. Survey data are
frequently believed to be inaccurate reflections of market participants' behavior and
are thus considered to be unreliable. Of even greater importance is a point that is

often ignored in discussing the properties of expectations. Not all market partici-

pants have to be rational in order for a market to display rational expectations.

The behavior of a market is not neceaasrily the same as the behavior of the average

individual. As long as unexploited profit opportunities are eliminated by some par-
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This implication is the basis of the tests of rationality found in the studies

of survey forecasts mentioned above. Consider the following equations

X
Xy = by T IBX ot uy
i=1
. X
X =eg v IegX Loty
i=1

These equations can be estimated with ordinary least squares (OLS), under the

assumption that E(u = 0 (implying that the u's are serial-

161961 gl9p )

1y uncorrelated and uncorrelated with the X% i)' Under the hypothesis of ration-

) = E(u.2

al expectations, the estimated bi coefficients should not differ from the esti-

mate ci coefficients except by chance.3 This null hypothesis that

bi =c¢, foralli =0, . . ., k

is tested in the studies of survey forecasts with a conventional F-test.
The rationale behind this test becomes more obvious by subtracting (3) from

(2) to obtain

k
e
— = - - + -
Xp = Xy = (bgmef + By =), + (ugy - upy)
i=1
The rationality criterion in (1) combined with E(ult]¢t_l) = E(uat[¢t_l) =0

implies the null hypothesis bi=ci for all i, Since the OLS estimates of bi-ci in
(5) is numerically equal to the OLS estimate of bi in (2) minus the OLS estimate
of es in (3), these seperate estimates of bi and ey should be equal, except for
statistical variation. Note that even if other information besides the k lagged
values of X is used to forecast X, it is clear from (5) and (1) that the test of
these cross~equation rationality restrictions is still Valid.h However, because
E(u 1¢t_l) and E(u2t|¢t_l) need'not equal zero in this case, the u's could be

1t!

correlated with lagged X's., Then the estimated bi and <y coefficients would not
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that all participants in the market are rational and use information efficiently.

Equation (7) above implies that BRETt - T 4 should be uncorrelated with any past
available information'or linear combinations of this information. Thus, an equivalent
characterization of the efficient markets model consistent with (7) is:

e
= - -+ .
S + (Xt, Xt?a €,

where an e superscriptidenotes expected values conditional on all past available in-

BRE‘I't f re_1

formation (i.e., XE =E (th 2, l), a one period ahead optimal forecast), and
‘n -

Xt= a variable (or vector of variables) relevant to the pricing of long bonds,
o = a coefficient_(or vector of coefficients),

€ is serially uncorrelated.

- . = h
t = a@n error process where_ E(etl?tel) 0 and hence €

The efficient iarkets model stresses that only when new information hits the market
will BRET differ from rt-l + 8. As equation (8) makes clear, tﬁis is equivalent to
the proposition that only unanticipated changes (surprises) in variables can be cor-
related with BRE’I’t - rt-l'8 This distinction between the possible effects from un-
anticipated versus anticipated changes in variables is indeed an important feature of
recent empirical work (for example, Barro (1977, 1978)).

The assumption that the coefficient on re g equals one in equation (6) has been
subjected to empirical test in work by Fama and Schwert (1977) and Mishkin (1978)
and is not rejected.9 Furthermore, as is discussed in Fama (1976), as long as
Em(BRET | ¢t-l) has small variation relative to other sources of variation in the
actual returns - - and this appears to be the case for the long-term bonds discussed

herelo - - assumptions describing the equilibrium return are not critical to empi-

rical tests of the efficient markets model.ll
Substituting expectations of X from equation (3) into (8) we have an efficient

markets model of the following form:

k
-~ = - T 1
BRET -ry 1 = 6 +alX-(c  + I eX, )+ el

where
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III
EMPIRICAL RESULTS

The first set of tests to be conducted here will scrutinize B. Friedman's result
that the survey measures of interest rate forecasts are inconsistent with rationality.
Friedman's results were obtained using 30 quarterly observations extending from
September 1969 to December 1976, and this sample period is used to estimate the equa-
tion (9) and (2) system using bond return and treasury bill rate data described in
the Data Appendix. His choice of six lagged quarters in his autoregressive specifi-
cation will also be used in these tests. An additional test will be conducted over
the longer 1954-76 sample period to provide more information on the rationality of the
bond market's forecasts.

Tests of the rationality of inflation forecasts will also be conducted in a simi-
lar manner using the noniinear efficient markets propedure. The 1959-69 sample pericd
used by Pesando, Carlson énd Mullineaux, where so many rejections of rationality have
‘been found, Wili be used in these tests, as Weli as the longer 1954-76 éample period.
Here, the Consumer Price Index (CPI) will be used to calculate the inflation rate and
this data is also discussed in the appendix.

RESULTS ON THE RATIONALITY OF INTEREST RATE FORECASTS

Table 1 provides the tests for the rationality of forecasts in the bond market
using both Friedman's 1969-T6 sample period and the longer 195L-76 sample period; while
Table 2 provides the parameter estimates of the constrained efficient markets model
using both sample periods. The p-values in Table 1 are the probability of obtaining that
that value of x2 or higher, under the null hypothesis that the rationality constraints
are valid. A p-value less than .05 would indicate a rejection at the 5 percent level
of the null hypothesis and, therefore, a rejection of forecast rationality in the bond
market.

As the likelihood ratio statistics in Table 1 indicate, there is very little evi-

dence in the bond market data supporting irrationality of interest-rate forecasts.
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Table 2 Nonlinear Estimates of the Efficient-Markets Model:

6
- = - - + '
BRETt rt-l $ +a(rt bo iil bi rt—i) et
6
rt = bo +i£l bi rt—i + ut
Sample period

1969:3 1954:1
to 1976:4 to 1976:4

8 " .0055 -.0018
(.0091) (.0032)

a ~13.4452 ~12.3800
(4.6568) (1.8264)

bg ~.0060 . 0006
(.0023) (.0003)

by .6158 1.0706
(.1750) (.0869)

b, . 0639 - .3123
(.1913) (.1287)

by .3159 .2189
(.1869) (.1331)

b, =.1434 .0296
(.1872) (.1348)

b -.3195 -.1473
(.1911) (.1324)

be . 0463 .0906
(.1790) (.0909)

BRETt

quarterly bond return

Tt

treasury bill rate at

Asymptotic standard errors in

at quarterly rate,

a quarterly rate

parentheses.
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Table 3 Test of Forecast Rationality:
' Inflation

Sample period

S
‘ to 1976:4
Likelihood
Ratio
Statistic 23.77 8.70
p-value .001 .191

Likelihood Ratio Statistic is distributed asymptotically as x2(6).
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However, the likelihood ratio test rejects the rationality restrictions for the 1959-

69 sample period at the 1 percent significénce level,20 and this is the sample period
where other studies (Pesando, Carlson and Mullineaux) have also found the Livingston
price expecfations data to be irrational.zl

A look at the unconstrained estimates of the autoregressive model of inflation
and the efficient-markets model provides a clﬁe as to why this rejection of ration-
ality occurs. The sum of the coefficients on the lagged inflation rates in the
autoregressive model of inflation is positive and greater than one, indicating that
a rise in inflation would persist. On the other hand, the sum of these autoregressive
parameters derived from the unconstrained efficient-markets model is negative,
indicating that the bond market expected that a rise in inflation would be reversed.2
This discrepancy is what leads to the rejection of the rationélity of the bond market's
forecasts of inflation, and it should not be all that surprising considering the sample
period chosen. This sample period started with a low inflation rate which then rose
to unusally high levels‘by the end of this period. The fact that this was an unusual
period might then be the cause of the rejection of the rationality restrictions found
in Table 3, even though the bond market would normally have rational inflation fore-
casts. A similar problem has bgen found for the rationality of inflation forecasts
(represented by forecasts of exchange rate changes) in the German hyperinflation
(Jacob Frenkel), again an unusual inflationary episode. The likelihood ratic test
on the rationality of the inflation forecasts in the longer 1954-T76 period does pro-
vide some evidence supporting this conjecture. In this peridd there is no rejection of
the rationality restrictions at the 5 percent significance level. Thus it appears that
the bond market may have had raticnal inflation forecasts when a longer time horizon is
taken into account.23

What do these results tell us about the accuracy of the Livingston price expecta-
tions data? We must be somewhat careful in our interpretation of these results because

the Livingston survey does not specifically sample those who are participants in the

bond market, yet the following conclusion does seem to be indicated. Because the




(11)

(12)

-11 -

implies that if the short rate is a random walk, i.e.,
ro..=r
t+1 t
then the long rate will be a random walk as well. Holbrook Working has shown that a
variable that has a random walk characterization will, if it is averaged, have an
ARIMA (0, 1, 1) time-series process with the correlation coefficient at lag one
egaul to .25. Hénce, if the short rate is a random walk as is the long rate, then
averages of both these variables should have the same ARIMA (O, 1, 1) characteri-
zation with the .25 coefficient at lag one. Using (10) with the averaged short rate
time~series process being the ARIMA (0, 1, 1) described above, the implied time-series
process of the averaged long rate data is not the same as that of the averaged short
rate data, as is appropriate. Rather, it will display a time-series process that is
closer to that of a random walk., For example, taking the plausible value y = .95,
the implied time-series process derived from (10) of the averaged long rate series is
ARTMA (0, 1, 1) with the autocorrelation at lag one equal to .0l rather than the
appropriate .25.25

The above example thus indicates that if the data is averaged, equation (10) can-
not be used with the lag weights in an autoregressive short rate equation to derive
the lag weights of short rates in a long rate equation. Modigliani and Shiller's
evidence on the rationality of the term structure involves doing exactly this deriva-
tion with averaged data, and then comparing these lag weights with those actually es-
timated from a long rate equation. Yet as the example here indicates, this is not a
valid procedure.

The efficient-markets model discussed in this paper leads to a formal statistical
test of the Modigliani-Shiller results discussed above. Including both short-term
interest rate and inflation movements as relevant information to the pricing of long-
term bonds as is done by Modigliani and Shiller, we can write the efficient-markets

model as:

BRET, - r = § + o (r

e e
t-1 o) roplmom) v e

t t
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TABLE 5. Modigliani - Shiller Tests of Forecast Rationality

Sample Period

1954:4 to 1966:4 1954:1 to 1976:4
Likelihood
Ratio
Statistics 13.87 12.90
p-value .179 .230

Likelihood ratio statistic is distributed asymptotically

as xz(lO).
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DATA APPENDIX
The data sources and definitions of the variables used in this paper are as

follows:

BRETt = quarterly return from holding a long term- U.S. govermment bond
from the beginning to the end of the guarter. The data was ob-
tained from the Center for Research in Security Prices (CRSP) at
the University of Chicago, and are described in Lawrence Fisher
and James Lorie and Mishkin (1978).

r, = the end of gquarter 90 day Treasury bill rate at a quarterly rate,
The bill rate data were obtained from the Board of Governors of the
Federal Reserve Board.
oo = the CPI inflation rate (quarterly rate) calculated from the change
in the log of the CPI (seasonally adjusted) from the'last month of

the previous quarter to the last month of the current guarter. The

CPI was collected from the U.S. Department of Commerce's Business

Statistics and Survey of Current Business.
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would expect to be the case for the interest rate and inflation data analyzed
here.

It is easy to show that this efficient markets model is consistent with the
expectations hypothesis of the term structure where predictions of future
short-term interest rates are optimal forecasts. To be more concrete, if the
long-term bond is a discount security where the liquidity premium is a con-
stant §, the expectations hypothesis of the term structure is approximated

by: RL, = ig (r, +r +

LI N ] + * i f ft
o e\ Ty 41 Foe rt+n-l) + 8. When expectations of future

short rates in this equation are optimally formed, or equivalently are

"rational" in the sense of Muth, then the expectations hypothesis described

by the equation above leads to the same implications as equation (8) in the

text. Note also that the efficient-markets model does not imply causation
e

from Xt - Xt to BRETt - Ti1°

in the other direction or that a third factor affects both of these variables

It is equally plausible that causation runs

simulténeously.

This assumption was also tested using the 1954-1976 sample period. A quart-
erly bond returns series was regressed on the beginning of period, 90 day
treasury bill rate (also at quarterly rates) using weighted least squares to
correct for heteroscedasticity. (Mishkin (1978) describes this procedure).
The coefficient on the bill rate was not significantly different from one at
the five percent level (t = .51). In a recent paper, Robert Shiller has I
found evidence which can be interpreted as implying that the liquidity pre-

mium is correlated with the spread between long rates and short rates. To

test this proposition for the 1954-T76 sample period, BRETt- r,_, vas regressed

on this spread, again using weighted least squares to correct for heterosce-
dasticity. The evidence supporting Shiller's proposition is even weaker in

this sample period than was true in the regression results reported in Mishkin

(1978): +the coefficient on the spread variable was not significantly differ-

ent from zero at even the ten percent significance level (t = 1.01).
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Clearly, if this maintained hypothesis, which arises from efficient markets
theory were invalid, this test could lead to rejection of these restrictions
even if rationality were valid., This issue is analyzed empirically in foot~
note 21.

See Steven Goldfeld and Richard Quandt (1972). Note that the same weights
used for the heteroscedesticity corrections in the constrained system (see
footnote 12) are used in the unconstrained system.

The test is valid in the sense described in footnote 4. For example if

Uy, # 0 so that there would be errors in variébles bias in the estimated

o coefficient, the test is still valid. Correlation of Xt - X: with €,
also leads to inconsistent estimates of o yet it again does not invalidate
the likelihood ratio test for rationality.

Yet, as we shall see, the tests conducted here do yield more information
than the more common test.

Note that Mishkin (1978) wused treasury bill data which is at an annual
rate. Thus the coefficient on the unanticipated bill rate in that case
must be multiplied by four when compared to the a coefficients in Table 1.
See Fama's (1970) Survey and the more recent work of Mishkin (1978 , 1980)
and Sargent (1979).

Because this rejection of rationality was so striking and therefore should
be checked out, I performed a standard test of bond market efficiency,
similar to those in Mishkin (1978) where I regressed BRETt - r._,on six
lagged values of the inflation rate. The results for the 1959-69 sample
period were similar to those of Table 3. The restrictions imposed by
market efficiency (rationality) were rejected at the 1% significance level:

F(6,37) = 5.26 while the critical F at 1% is 3.78.
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one: -.27, .25, 1.04, -.30, -.94, and ~1.60.

The efficient markets model does not specify whether seasonally adjusted
versus unadjusted data should be used in these tests. Seasonally adjusted
data were used in these tests reported in the text because they are more
comparable to the rationality tests of the Livingston data found in the
literature. However, seasonal adjustment of the CPI with the X-1ll1 program
tends to "'smudge' the data and thus the tests described in the text were
repeated with seasonally unadjusted data. The results are similar to those

reported in Tables 3 and 4. The likelihood ratio statistic for the 1959:1

to 1969:4 sample period was 23.25 (p-value = .001) and for the 1954:1 to .
1976:4 sample period 12.32 (p-value = .055).
The argument here is exactly the same if the ﬁore common approximation for

a n-period discount.bond is used, i.e.,
n 1 ncl e
Rt=k+;,__ rt+l
i=0
where Rz = the yield to maturity on the n-period bond.
The result is calculated as follows: the ARIMA(0,1,1) model for the short

rate average (ra) with an autocorrelation at lag one of .25, is
ArY = (1 + .268L) u
T, . . .

Then an innovation of u would lead to a higher value of 2 by @ in the initial
period and 1.268 U thereafter. With y = .95, (10) implies that the averaged
long rate (RLa) would be higher by 1.255 u initially and 1.268 U thereafter.

The ARIMA model for the averaged long rate would thus be
ARLY = (1 + .011 1) u
t ’ t

which is an ARIMA (0,1,1) with the autocorrelation at lag one equal to .0l.
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