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Inflation Forecast Errors and Time Variation in
Term Premia

Werner F. M. De Bondt and Mary M. Bange*

Abstract

The expectations theory of the term structure is well known to give wrong signals as to the
future course of long-term interest rates. One explanation involves rational time-varying
term premia. However, the “anomaly” may also be due to inflation forecast errors. We
study survey forecasts of inflation. It seems that the respondents’ forecasts are insufficiently
adaptive. Interest rates reflect expectations similar to the inflation forecasts. As a result,
past survey forecast errors reliably predict premia on U.S. Government Bonds.

[. Introduction

The puzzling behavior of nominal and real interest rates, and the role of infla-
tionary expectations, have long been studied in finance. In theory, nominal rates
(at all maturities) should vary one-for-one with movements in expected inflation.
Yet, according to the economist most closely associated with this theory, Irving
Fisher ((1930), pp. 493-494, 415),

... the money rate of interest, while it does change somewhat according to
the theory, ... does not usually change enough to fully compensate for the
appreciation or depreciation. ... Men are unable or unwilling to adjust at all
accurately and promptly the money interest rates to changed price levels.

Evidently, Fisher (1928), (1930) believed that the public’s forecasts of consumer
prices are subject to systematic bias, too low in periods of rising inflation and too
high in periods of falling inflation. '

*Graduate School of Business, University of Wisconsin—Madison, W1 53706, and Eli Broad College
of Business, Michigan State University, East Lansing, MI 48824, respectively. The authors thank Simon
Benninga, Joseph Golec, Maureen O’Hara, Hersh Shefrin, Michael Stutzer, Stephen Taylor, JFQA
Managing Editor Jonathan Karpoff, JFQA referee Gertrud Fremling, and an anonymous JFQA referee
for numerous helpful comments. The authors also benefited from seminars at Cornell, Dartmouth,
EIASM, Erasmus Universiteit Rotterdam, Illinois, lowa, Minnesota, Russell Sage, and Wisconsin and
from sessions at the annual meetings of TIMS/ORSA, EFA, and FMA. Finally, the authors thank Henry
Min (Federal Reserve Bank of Philadelphia) for providing the survey data used in this study.

IFisher went on to argue that “negative real interest rates could scarcely occur if contracts were
made in a composite commodity standard. The erratic behavior of real interest rates is evidently a trick
played on the money market by ... money illusion.” He relied on this concept to explain the Gibson
paradox. Friedman and Schwartz (1982) and Suminers (1983) largely support this view, but Barsky
(1987) argues against it. Yet, there is wide agreement that, before 1930, little of the variation in interest
rates is explained by inflation, actual or expected.
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The slow adjustment of expectations and market interest rates to past infla-
tion, however, may also be consistent with rationality and Bayesian learning. This
depends on investors’ prior beliefs, the predictability of inflation, and the uncer-
tainty associated with possible regime changes. A study by Barsky and De Long
(1988) provides a good example. These authors examine gold discoveries, infla-
tion, and interest rates during the 1890s. Standard orthogonality conditions fail.
Investors did not expect a change in trend inflation, which now, after the fact, looks
predictable. But, this alleged lack of foresight reflected the belief, quite reasonable
at the time, that increased gold production could not be sustained.

In this paper, we study the 19531987 period and document the same inertia
in inflationary expectations and interest rates that other authors have discussed for
earlier times. Our more novel evidence is that these inflation forecast errors are
related to predictable time-variation in term premia on U.S. Government Bonds.
We leave it to the reader to decide whether the findings are evidence of naive
information processing by investors.

Empirically, it is quite difficult to capture the public’s beliefs about future
changes in the price level. The past literature follows two tracks. One approach
is to start from survey expectations data. But, of course, surveys do not always
describe the forecasts inherent in market behavior. A second method is to infer
the unobservable market expectation from security prices. In that case, one has
to correct for movements in expected real returns—say, a Tobin-Mundell effect or
supply shocks (Peek and Wilcox (1983))—and taxes (Darby (1975)).

This paper relies on both approaches. After a description of the data in
Section II, Section III examines the forecasts of the Consumer Price Index (CPI)
gathered by Joseph Livingston of the Philadelphia Enquirer. It appears that the
respondents’ forecasts are insufficiently adaptive. The survey participants are
reluctant to predict inflation levels that greatly differ from past experience.

Based on new tests that combine survey with price data, Sections IV and
V examine whether market interest rates reflect similar expectations. Section IV
finds that the inflation forecast errors that are implicit in ex post real rates parallel
those of the Livingston surveys.

Section V relates the evidence to the term structure literature. As early as
1938, Macaulay observed that interest rates do not move as the expectations theory
predicts. In fact, “experience is more nearly the opposite” ((1938), p. 33). Under
the joint hypothesis of the expectations theory and rationality, term premia should
be unforecastable. Yet, in actuality, they are positively related to the slope of the
term structure (for a review, see Shiller and McCulloch (1990)). These findings
support either a form of less-than-fully rational expectations, or time-varying risk
premia, or both. Ex post, inflation forecast errors appear as part of the premia.
The surveys and the results for ex post real rates suggest that, after periods of
low (high) inflation, long rates are slow to rise (fall) relative to short rates. This
inertia therefore means that, compared to money market instruments, bonds per-
form poorly when inflation accelerates, but that they perform well when inflation
subsides.

By combining survey with market data, we can distinguish changing expecta-
tions from changing premia. In agreement with the expectations theory, variation
in the term structure slope clearly reflects changes in survey expected inflation.
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However, movements in the slope and in term premia are also related to past sur-
vey forecast errors. If recent past inflation numbers are higher than expected, the
survey expected change in inflation, the term structure slope, and term premia all
predictably decline. When recent inflation is lower than expected, the opposite
occurs. These results help to explain the predictive power of the slope for term
premia.

II. Data

We investigate the period between June 1953 and June 1987. The annualized
inflation rate 7, ; is defined as the change from the end of month f to month +k in the
natural log of the U.S. seasonally unadjusted CPI. The CPI forecasts are taken from
the Livingston surveys. Twice a year, in early May and November, professional
economists predict several macroeconomic variables including the CPI. We work
with consensus forecasts, i.e., the means of (on average) 52 individual predictions.
Carlson (1977) argues that, since the May (November) questionnaires are returned
in early June (December), the latest CPI information available to forecasters is
the price level for April (October). Therefore, the 8- and 14-month forecasts
solicited in May are found by comparing the CPI for the previous April with
the predicted levels for December or June of the subsequent year. Likewise, the
forecasts solicited in November are computed on the basis of the October CPI.2

The interest rate data are from two sources: 1) the “Fama Term Structure
Files” produced by the Center for Research of Security Prices (CRSP) at the
University of Chicago; and 2) the data collected by McCulloch (Shiller and Mc-
Culloch (1990)). CRSP finds spot yields from averages of end-of-month bid and
asked prices of Treasury Bills and Government Bonds. Most CRSP data refer to
the period between 1959 and 1986. McCulloch provides a zero coupon yield curve
series (computed on an annual percentage continuously compounded basis) be-
tween December 1946 and February 1987. The yields are available for maturities
ranging from O through 6 months, 9 months, 1 through 5 years, as well as 10, 15,
and 20 years. The data sets include most marketable U.S. Government Treasury
Bills, Notes, and Bonds.?

Ill. Survey Forecasts of Inflation
A. Testing for Survey Rationality

We use three approaches to study the rationality of the consensus forecasts.
Our initial tests are for unconditional bias. Next, we compare the forecast errors
of the Livingston surveys with those of time-series models. Finally, and most
importantly, we model how the survey expectations were formed and we examine
their rationality from this point of view.

2All calculations were repeated under the assumption that forecasts were for 6 (7) and 12 (13)
months. We also defined the consensus forecast as the median of the individual predictions. None of
these robustness checks had a big enough impact on the estimates to affect their interpretation.

3See Shiller and McCulloch (1990) for details. Below, we sometimes estimated the yield on 8- or
14-month instruments by linear interpolation using, respectively, the yields on 6- and 9-month bills,
and 1- and 2-year zero-coupon bonds.
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To test for unconditional bias, the regression equation is
(D Tk = at ,Bﬂf‘k + Uk,

where 77, is the forecast at ¢ of the annualized inflation rate between months r and
t+ k. We choose our notation so that ¢ corresponds to the last trading day of April
(October) and & equals either 8 or 14.

Tests of rationality based upon OLS are inappropriate because the usual as-
sumptions concerning the residuals are not met. In particular, since the forecast
interval is longer than the sampling interval (which is 6 months), the prediction
errors for future periods are serially correlated. Correct standard errors are found
using Hansen and Hodrick’s (1980) method of moments with two adjustments:
1) White’s (1980) correction for conditional heteroskedasticity; and 2) the correc-
tion of Newey and West (1987), which insures that the variance-covariance matrix
is positive definite by discounting the mth order autocovariance.* We estimate
Equation (1), but we use the corrected covariance matrix. Unbiased forecasts are
characterized by (@, 3) = (0,1) or B = By. The test statistic for the joint null
hypothesis is ¢ = (B — Bo)X'X(X'QX)"'X'X(B — By). 1t is distributed x* with
k = 2 degrees of freedom.

Our second approach follows Theil (1966) and provides some insight into the
causes of survey forecast error. Theil decomposes the mean squared error (MSE)
into UM (the proportion of MSE due to mean level bias), U® (the proportion due
to regression bias), and U (the proportion due to random error). The three terms
on the right-hand side of Equation (2) correspond to the sources of error,

(2) MSE = 1/NY (& —mu)? = (P—AP+ (s, — rsg)? + (1 — rP)s2,
E i

where P and A are the mean values of 7{, and 74, s, and s, are the corresponding
standard deviations, and r is the correlation coefficient.

To provide an additional perspective, we use Equation (2) to evaluate two
other sets of forecasts: 1) a random walk model (RW); and 2) an interest rate
model (FG). The forecast dates match those of the Livingston surveys (LS). RW
assumes that inflation remains unchanged from one 8- or 14-month period to the
next. Thus, all changes in inflation are permanent. FG is as in Fama and Gibbons
(1984). Isolating the inflation forecast implicit in interest rates requires a model
of the ex ante real return. Fama and Gibbons find that month-to-month changes in
the ex post real rate follow an MA(1)-process. Real returns are well approximated
by an equally-weighted average of real rates for the last 12 months. We subtract
this average from the 1-month Treasury Bill yield observed at the end of April and
October. The resulting 1-month expected inflation number is multiplied by either
8 or 14.

A third approach to characterize the Livingston forecasts—and the most rel-
evant for our purposes—is to model how inflation expectations are formed. As

4The asymptotically consistent covariance matrix V equals (X'X Y“IX'QX(X'X)™", where X is the
matrix of regressors (N observations; k = 2 predictors) and Q is the adjusted covariance matrix of
the residuals. The (i, j)th element of Q, denoted with w(i, ), equals zero except when m < n, where
m = |i — j| and n is the order of the moving average process of the residuals. If m < n,w(i,j) =
{1~ m/(n+ 1)Ju;u;. For the 8-month forecasts, we postulate a first order moving average process; for
the 14-month forecasts, a second order moving average process.
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observed by Frankel and Froot (1987), four simple models of expectation forma-
tion are described by

3) T = 02+ —Om_is

where 0 < § < 1, and Z represents either the twice-lagged inflation rate m,_ o x
(extrapolative expectations), the lagged forecast r;_, , (adaptive expectations), ora
long-run constant equilibrium level of inflation 7 (regressive expectations). Also,
for a random walk process (static expectations), § = 0. The regression models
that we estimate are obtained by subtracting &, the most recently observed
inflation rate, from both sides of Equation (3). Then,

4) T — Tk = Mok — Tr—kk)s

VT sk = Tr—ke2d—2)»

() Top — Ti—kk

(6) W,‘:k — T—kk = o(m — Tk k)-

In each case, the dependent variable is the expected change in inflation.” The
regressor for the adaptive model is adjusted to insure that it is based only on infor-
mation known at ¢, the time of the forecast. For example, for 8-month forecasts,
Ty _g.4 1S compared with m,_¢ 6, the annualized inflation rate for the first 6 months
of the forecast period. Since 7 is assumed constant over the sample period, the
regressor for the regressive model is —m,_s 4.

To test for rationality, we compare the parameters of Equations (4)-(6) with
the imaginary “true” parameters (A*, v*, and §*) that describe the inflation process.
Starting from Equation (3), we subtract actual inflation, 7, ;, from both sides and
obtain

G T — Mg = (A= ANV T—akk — Tr—ip),
(5,) Wik —me = (v 'Y*)("f_“z‘/\- — M —k+2k—2)
(6") 7T,(:1< — M = (6O Nm — m—p)-

In (4/)—(6'), the dependent variable is the inflation survey forecast error. As earlier
for Equation (1), we face the econometric difficulties arising from overlapping
observations. We again rely on the methods of Hansen and Hodrick, White, and
Newey and West. Under rational expectations, the estimated coefficients should
not be significantly different from zero. The advantage of running Equations (4')—
(6") as well as (4)—(6) is that, if rationality fails, we have ready-made descriptions
of the nature of the bias.

3Since the regressions are run with consensus forecasts, an aggregation theorem is implicit in their
formulation. For example, Bierwag and Grove (1966) show that if expectations are formed adaptively,
the mean forecast is not adaptive unless the adjustment coefficient is the same for all individuals. See
also Keane and Runkle (1990).

Even though the forecast periods are longer than the sampling period, this should not cause serial
correlation in the error terms. The reason is that the forecasts are based on past information. However,
as it turns out, the OLS regressions do show serial correlation. Therefore, we use GLS Prais-Winsten
estimates. We retain White’s correction for heteroskedasticity.
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B. Results

Table 1 reports the test results for unconditional bias. For the 19531987
period, the joint hypothesis that (o, 3) = (0, 1) cannot be rejected. However,
the positive intercept indicates that the forecasts are systematically too low. But,
during the 1980s, predictions are too high. The Durbin-Watson coefficient from the
OLS-regression shows that a correction for serial correlation is indeed necessary.
Also, for 1953—-1987, White’s (1980) heteroskedasticity test (not shown) yields a
x2 of 13.4 (12.1) for the 8- (14-) month horizon. Both numbers are significant at
the 1-percent level.

TABLE 1
Regressions of Actual Inflation Rates on Livingston Consensus (Mean) Forecasts of Inflation

Periods @ to ] tg QTest DW  Ad.R? N
Eight-Month Forecasts
4/53-4/87 0.856 286 1.055 0.51 2.08 0.77 0.711 69
4/53-4/79 0.812 283 1.268 217 491" 1.08 0.789 53
10/79-4/87 —2.072 -2.11 1.269 1.46 1.70 160 0.813 16
Fourteen-Month Forecasts
4/53-10/86 0.924 2.77 1.003 0.02 1.45 0.42 0.657 68
4/53-4/79 0.706 2.20 1.295 1.97 3.50 0.58 0.792 53
10/79-10/86 —2.355 —208 1.205 110 2.68 1.18 0.778 15

The regressions are OLS with the t-statistics corrected for serial correlation and heteroskedasticity with
the methods of Hansen and Hodrick, White, and Newey and West. The t-statistic for the slope coefficient
tests whether it equals one. D-W 1s the Durbin-Watson coefficient. Q tests the joint hypothesis that
(a, B) = (0,1). Q-entries marked with “*” are significant at the 1-percent level. N is the number of
observations

Previous studies (Huizinga and Mishkin (1984), (1986) and Clarida and Fried-
man (1984)) conclude that the relationship between inflation and nominal interest
rates shifts with the October 1979 change in Federal Reserve policy. We find
evidence of a 1979 structural break in the survey data using Wald tests. The test
yields a x? of 23.7 (39.3) for a shift in 3 for the 8- (14-) month horizon. Tests for
shifts in both & and 3 produce even stronger rejections of parameter stability.

More evidence consistent with mean level bias and a break in the survey
forecasts around 1979 is found in Table 2. The mean absolute, average, and root
mean square errors (RMSE) indicate that, at least until 1979, the random walk and
interest rate models perform well relative to the surveys and that they show little
systematic bias. In contrast, for the 8-month forecasts, about one quarter of the
survey errors is attributable to a tendency to underpredict inflation. However, after
1979, the surveys beat RW and FG. See Hafer and Hein (1985) for similar results
based on ASA-NBER survey data. A reasonable conjecture is that the improved
relative performance of the surveys merely follows from the 1979 shift in Federal
Reserve policy, a turning point that the other models miss by construction. Yet, if
we remove the October 1979 and April 1980 observations, the result stands. For
instance, for the 8- (14-) month forecasts, the RMSE for the surveys is 1.32 (1.81).
It is 2.33 (2.62) for the Fama-Gibbons interest rate model.

Table 3 presents our estimates of Equations (4)-(6) and (4)—(6"). To save
space, we only present the 1953-1987 results. There is considerable agreement



De Bondt and Bange 485

TABLE 2

Theil-Analysis for Three Sets of Inflation Forecasts: 1) Livingston Surveys; 2) Random Walk Model:
3) Fama-Gibbons Interest Rate Maodel

Periods ~ Model MAE RMSE UM Uf P AaE s s 2N

Eight-Month Forecasts

4/53-10/86 LS 1.54 2.16 025 000 075 106 356 285 072 68
RwW 1.46 1.92 000 008 092 -001 357 360 073 67
FG 1.21 157 001 007 092 -012 355 363 082 66
4/53-4/79 LS 1.60 2.26 043 008 048 150 342 240 079 53
RwW 1.41 1.73 002 000 098 025 347 312 075 52
FG 106 132 001 000 098 —-016 344 319 085 51
10/79-10/86 LS 1.31 1.79 0.08 017 076 050 383 272 082 15
RW 1.64 2.46 010 026 064 0.79 383 454 072 15
FG 1.73 223 0.00 039 061 001 383 481 078 15
Fourteen-Month Forecasts
4/53-10/86 LS 158 2.20 0.18 000 082 —-093 343 279 066 68
RW 1.78 2.34 000 013 087 —-010 342 349 059 66
FG 1.30 1.76 001 013 086 —-015 342 363 077 66
4/53-4/79 LS 1.59 2.30 043 010 048 151 350 241 080 53
Rw 1.1 219 007 001 092 -057 350 299 063 51
FG 117 1.51 004 000 09 032 350 319 082 51
10/79-10/86 LS 1.55 184 035 0.07 058 1.09 320 237 079 15
RW 2.29 2.78 029 031 040 160 320 425 068 15
FG 173 245 0.03 062 035 041 320 481 078 15

LS 1s the Livingston consensus forecast RW is the forecast of a random walk model. FG is the forecast
of the Fama-Gibbons interest rate model. Three error measures are given' the average error (AVE), the
mean absolute error (MAE), and the root mean square error (RMSE). The standard errors of actual and
predicted inflation are denoted sz and sp. 2 is the S%Jared correlation between actual and predicted
inflation. N is the number of observations. For UM and UP , see Equation (2) In the text.

among the three models. With respect to the rationality tests, four of six slopes
are significantly positive. For the extrapolative model in rows A.1 and A.2, this
suggests that large initial movements, up or down, are expected to partly reverse
themselves. However, since A > \*, the expected reversal is excessive. The
surveys give too much weight to inflation in the distant past, relative to recent past
inflation.

Equations B.1 and B.2 send a similar message. In effect, the tests check for
serial correlation between adjacent forecast errors. Expectations are insufficiently
adaptive: if the economists paid more attention to recent inflation, and interpreted
the prevailing rate as less of a surprise, they would not make the same error repeat-
edly. For example, for the 8-month forecasts, y—the weight given to the previous
forecast—is 0.60. Yet, from the rationality tests, (v — v*) equals 0.42, which
implies that the “correct” weight is only 0.18.

The results for the regressive model in rows C.1 and C.2 are much weaker.
However, for the 1953-1979 period (not reported), (6§ — 6*) for 8-month forecasts

%A convenient way (o interpret the findings is in the context of Muth (1960). Let actual inflation

7 4 be subject to permanent (n) as well as tempordry shocks (1£). Then, the forecast that minimizes the

mean square error follows an adaptive model, 7r = yn¢ 1k + (1 — ¥)m,_ gk, where -y is a function

of Un 2/ 02 When all shocks are permanent v = 0 and 7¢ k= Tr—kke When all shocks are temporary,

=1 and 7r, = 71" Kk Since v > ~*, Table 3 indicates that the experts impute a larger temporary

component to CPI movements than they should. Indeed, as Table 2 suggests, much of the time, it
would be better to assume that all inflation shocks are permanent and none temporary!
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TABLE 3
Predicting Survey Expected Changes in Inflation and Survey Forecast Errors

Expectation Formation Rationality Tests
Regressors Slope  fgope  Adj. R?  Intercept nt. Slope  f5iope  Ad]. R?
Eight-Month Forecasts
Al w168 — 788 0470 761 0279 -1.001 442 0361 3.02 0.152
B.1 wf_eg - T 66 0604 1328 0717 -0.601 320 0418 3.28 0.206
C1 —~m_gg 0492 1399 0410 ~0472 148 0.131 147 0.048

Fourteen-Month Forecasts

A2 m_ogi4 - m-1a14 0308 583 0203 —0928 -304 0382 384 0197
B2 78 ip44 - T1212 0516 1127 0616 0507 ~-1.67 0443 3.09 0179
C2 ~m_1414 0482 1774 0390 ~0799 -207 0031 030 —0012

We study the 19531987 period. The regressions with the expected change in inflation as the dependent
variable (left-hand side of the table) are estimated using GL.S and White's correction for heteroskedas-
ticity. The adjusted A-square coefficients refer to the OLS-regression. We do not report the intercept.
The regressions with Livingston survey forecast errors as the dependent variable (right-hand side of
the table) are estimated using OLS, with Hansen and Hodrick’s correction for serial correlation, White's
adjustment for heteroskedasticity, and the Newey and West weighting of covariances. All regressions
have 68 observations.

is 0.25 (t-statistic: 2.47). Thus, prior to 1980, the surveys did place too much
weight on the past.

C. Discussion

How do our results compare to previous research? Prior studies of the Liv-
ingston inflation forecasts yield little agreement on whether the predictions are ra-
tional. Two papers argue in favor (Mullineaux (1978) and Caskey (1985)) and five
argue against (Pesando (1975), Pearce (1979), Jacobs and Jones (1980), Figlewski
and Wachtel (1981), and Sterman (1987)). Brown and Maital (1981) conclude that
the forecasts are unbiased but inefficient with respect to monetary growth.

Most often, the authors’ strategy is to test for rationality in Muth’s sense,
i.e., are the expectations equal to mathematical expectations, conditional on the
relevant information? However, this concept of rationality may be too narrow. The
information necessary to form expectations on the basis of the true economic model
may be too costly to obtain (Feige and Pearce (1976)). Also, in a nonstationary
environment, rational Bayesian learners may not appear rational in Muth’s sense
(Friedman (1979)). An important study that takes these shortcomings as a starting
point is Caskey (1985). Caskey’s empirical work continues to assume that the
Livingston economists consider the parameters of the inflation process to be stable.
But, since a credible set of initial beliefs combined with Bayesian updating can
account for the forecasts, they may be the product of a rational learning process.

Our own orthogonality tests—which offer mild evidence against forecast un-
biasedness and stronger evidence against forecast efficiency—have little to say
about whether, in a deeper philosophical sense, the predictions are rational. We
look for a specific type of “bias.” The inertia that we observe is consistent with
Fisher’s explanation, but it is equally consistent with Bayesian learning. This view
gains plausibility from the literature on dynamic inconsistency in monetary policy
(for a review, see Alesina (1988)). The Federal Reserve may want to look like
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a ‘{strong” inflation fighter, yet turn “weak™ when the economy slows. Thus, the
public can never be certain about the Fed’s intentions. Some models (e.g., Backus
and Driffill (1985))—which rely on reputation to solve the credibility problem—
predict the public’s skepticism toward each new attempt to fight inflation. Rational
expectations resemble adaptive expectations. This theory seems particularly rele-
vant to the experience of the 1970s and early 1980s.

IV. Interest Rate Forecasts of Inflation

Are the inflation forecasts implicit in interest rates similar to the Livingston
survey forecasts? We follow two approaches to address this question. First,
we check whether movements in ex post real rates—which contain an inflation
forecast error—are predicted by the same variables that predict inflation survey
errors. Second, we test whether time-variation in nominal rates mirrors survey
forecasts more closely than time-series forecasts.

Our tests start from the Fisher equation, R, = r¢, + 7¢,, which equates the
k-month nominal interest rate to the expected real rate plus expected inflation.
Subtracting later observed inflation from both sides,

@) Frge = rik"‘(ﬂ-ik_'ﬂt,k)‘

Equation (7) expresses the ex post real rate as the sum of the ex ante real rate and
an inflation forecast error that, under rational expectations, is unpredictable.

If the ex ante real rate were constant (except for white noise), a regression of
71, On any variable known at time ¢ should yield a coefficient of zero. Since there
is virtually no end to the list of variables that one can try, we restrict ourselves to
those that, from Section III, we already know to predict survey forecasts errors,
i.e., the recent change in inflation, past survey errors, and past inflation. The
variables are of interest because they allow for a ready-made interpretation. The
regressions remain interesting even if ex ante real rates are not constant. Whereas,
in principle, the right-hand side variables may proxy for fundamental determinants
of real rates (such as the covariance of consumption with bond returns, as in
Benninga and Protopapadakis (1983)), it seems easier to interpret their predictive
power as evidence of forecast bias.

The results in Table 4 are based on 6- and 12-month Treasury Bill yields
at the end of each June and December since 1953.7 As before, the ¢-statistics
are corrected for serial correlation and heteroskedasticity. The data suggest that
interest rates are biased predictors of inflation. Thus, when inflation is accelerating,
the prices of Treasury Bills seem predictably too high while, with falling inflation,
prices seem too low.® Just as in Table 3, all slope coefficients are positive and many
are significant. Chow tests that compare the estimated slopes in Tables 3 and 4 do
not allow one to reject that the movements in real rates exactly parallel the patterns

"We report the findings for 6- and 12-month yields rather than for 8- and 14-month yields (measured
at the end of April and October) because the test is more conservative and because the data are more
precise (see footnote 3). However, the results are virtually identical.

8Compared to Mishkin (1981), the Rs are surprisingly high. Mishkin finds that real rates since
the 1930s show little cyclical variation. Except for a negative correlation with past inflation, he cannot
find a link with other macroéconomic variables (such as growth in M1).
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in the survey forecast errors.” But if, for example, a third set of variables—other
than inflation forecasts—were responsible for the findings in Table 4, there is little
reason to expect this parallel movement.

TABLE 4
Predicting Ex Post Real interest Rates

Regressors « o B tg D-w Ad). R2
Six-Month Real Rate
Al w168 — 7188 1.622 4.00 0.664 3.10 095 0.219
B.1 ”;9—6.8 — 766 2.299 517 0.778 4.72 122 0315
C1 —m_gg 2.254 4.85 0.177 145 0.68 0.034
Twelve-Month Real Rate
A2 w814 — T_14.14 1.741 3.58 0.549 257 0.48 0.190
B.2 "512,14 - 12,12 2.404 412 0.698 3.48 0.51 0.211
C2 ~m_ 1414 1.812 3.28 0.018 0.1 034 -0.015

We study the 1953-1987 period. The ex post real rates are computed from Treasury Bill yields observed
on the last trading day of the months of June and December. Time t corresponds to April or October.
The regressors are the same as in Table 3. The regressions are OLS with the t-statistics corrected for
serial correlation and heteroskedasticity (using the methods of Hansen and Hodrick, White, and Newey
and West). D-W is the Durbin-Watson coefficient. All regressions have 68 observations.

A different method permitting us to judge whether the market expectation
behaves like the survey data is to regress nominal interest rates on various infla-
tion forecasts. We compare the Livingston expectations (LS) with the “superior”
random walk (RW) and Fama-Gibbons (FG) forecasts studied earlier. In bivariate
OLS regressions with, e.g., 8-month yields and inflation forecasts between 1953
and 1986, the adjusted R? is larger for LS (0.76) than for RW (0.59) or FG (0.53).
In a regression with all three sets of forecasts, the coefficient for LS is 1.16 (z-
statistic: 6.71). The ¢-statistics for the other forecasts are 0.05 (RW) and —1.03
(FG). The R? remains at 0.76. Our results differ from those of Pearce (1979), who
finds that, for the less volatile 1959-1975 period, interest rates are more explained
by constructed “rational” forecasts of inflation than by LS.

V. Term Structure Forecasts of Inflation

Past studies have repeatedly rejected the joint hypothesis of the expectations
theory of the term structure and rational expectations. There are two competing
but not mutually exclusive explanations for this rejection. The first is that term
premia rationally vary through time. While intertemporal asset pricing theories
easily accommodate time-varying risk premia, it remains a challenge to account
for actual bond price movements, especially negative expected returns. The sec-
ond explanation involves some form of nonrational expectations. For example,
Campbell and Shiller (1984) and Mankiw and Summers (1984) test and reject the

?The Chow tests are done for the June 1953-June 1979 as well as the December 1979-December
1986 periods. We compare the rationality tests in Table 3 to the equivalent regressions in Table 4 (that
share the same predictor variable). However, the regressions with the real rate as the dependent variable
are for 8- and 14-month yields. For none of the six sets of two equations do the Chow tests reject the
equality of the slopes. We also compute Wald statistics that do not assume equal error variances in the
two samples. Of 12 test statistics, none are significant at the 5-percent level.
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hypothesis that long rates “overreact” to short rates. Our empirical tests below use
survey as well as market data. As a result, they allow us to distinguish between
changing forecasts and changing risk premia.

A. Inflation and the Slope of the Term Structure

Let the term premium, ¢,, be defined as E,(H, — h;), where E,H, and E,h,
represent, respectively, the expected holding returns (at ¢) on long- and short-term
bonds (or bills). Then, the actually realized excess holding return equals the sum
of the premium and a forecast error v, so that H, — h, = ¢, + v,. The expectations
theory states that ¢, is constant through time. Under rational expectations, ex post
variation in (H; — k,) is unforecastable on the basis of information known at ¢.

Starting with Shiller (1979), various studies have shown that (H, — h;) is
erratic but not totally unpredictable. Excess returns on long bonds are positively
related to the yield spread between long and short rates (also called “the slope™). In
Panel A of Table 5, we confirm these earlier findings for 1953-1986, using only the
semi-annual Livingston survey dates. The yield spread is defined as the difference
between the yields on a 12- and a 6-month bill. The (ex post) term premia are the
annualized 6-month returns on bonds (with maturities of 1 to 5 and 10 years) over
and above the yield on a 6-month bill. To calculate the bond returns, we follow
previous work (e.g., Froot (1989)) and use the linearized approximations of Shiller
et al. (1983).1°

The expectations theory and investor rationality imply that, when long-term
rates are above short-term rates, long rates ought to rise. Correcting for the term
premia, the resulting capital loss equates expected holding period returns across
assets. Similarly, when long rates are below short rates, long rates ought to fall.
However, in practice, the opposite tends to happen. As seen in Table 5 (Panel A),
the more the term structure is upward-sloping, the more long-duration instruments
outperform bills.

Why does the slope have predictive power? Following our evidence on infla-
tion forecast errors, the predictive power of the yield spread may reflect a delayed
reaction of the bond market to news about the CPI. For example, after the double-
digit inflation of the late 1970s, the public may well have been skeptical that the
much lower inflation of the early 1980s would continue. Perhaps, for too much
time, long rates remained high relative to short rates and, only when the lower
inflation continued, did investors drive long-term interest rates down. Exactly the
reverse story could be told for the mid-1970s. Thus, the observed “underreaction”
of long rates to short rates may reflect the relative sluggishness with which long-
term inflation expectations adjust to news about the CPI, compared to short-term
expectations.'!

105ince, under the null hypothesis, the slope and the forecast error are uncorrelated, the regressions
are properly estimated using OLS. The 7-statistics are corrected for heteroskedasticity. The flavor of
the results does not change if the yield spread equals the difference between the yields on a 10-year
bond and a six-month bill.

1"Remember, however, that the public’s skepticism may be rational. Our theory is consistent with
work by Froot (1989), which is based on survey expectations of interest rates (rather than inflation)
collected from the investment newsletter, Reporting on Governments. Froot argues that the “perverse
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TABLE 5

Term Premia as Predicted by the Slope of the Term Structure, Survey Expected Changes in Inflation, and
Past Survey Forecast Errors

Maturity

(Years) o N 8 tg SEE Adj. R?

Panel A Regressor: Ri12 — Rig
1 —-0.138 —-0.64 1.438 213 1.45 0.088
2 —0.538 —1.04 3.903 2.28 3.66 0.102
3 —0.994 —1.33 6.126 2.49 578 0.101
4 —1.5627 —1.69 8.754 2.95 7.03 0.139
5 —-2.019 —1.92 10.947 3.24 8.42 0.151
10 —4.345 —254 20.142 3.87 14.90 0.162

Panel B. Regressor: mj, — mig
1 —0.022 —0.09 1143 111 1.51 0.019
2 —0.260 —-0.47 3.360 1.42 3.81 0.031
3 —0.587 -0.73 5.485 152 5.99 0.034
4 —0.963 -095 7.969 1.82 7.38 0.062
5 —1.359 —-1.15 10.294 1.98 8.85 0.062
10 —3.196 —-1.71 19.404 2.35 15.68 0.072

Panel C. Regressor: m{_qq — Tt_g6
1 0.311 1.38 0.164 1.26 1.49 0.038
2 0.743 125 0.504 1.62 3.74 0.063
3 1133 1.16 0.902 1.79 5.83 0.086
4 1.394 119 1.176 1.96 7.20 0.096
5 1.653 1.16 1489 207 863 0108
10 2.427 0.91 2.755 235 1529 0.118

The dependent variable 1s the excess holding return on an instrument of stated maturity over-and-above
the yield on a 6-month bill. The yield spread Is the difference between the yields on a 12- and 6-month
bill. It is observed on the last trading day of every Livingston survey month between April 1953 and
April 1986. The regressor in panel B 1s the Livingston expected 14-month inflation minus the expected
8-month inflation. The regressor in Panel C is the most recent Livingston survey 8-month forecast error.
The regressions are OLS with the t-statistics corrected for heteroskedasticity (White (1980)). SEE refers
to the standard error of the estimate. All regressions have 67 observations

In contrast, under rational expectations, the behavior of the yield spread im-
plies that this variable moves importantly with changing risk premia (which are
part of ex ante real rates) and possibly more so than with changing forecasts of
inflation. In other words, if we decompose the yield spread (k > j),R.x — R, =
(i —rip+(m — 7)), variation in the first term on the right-hand side obscures
variation in the second.

The survey data argue against this presumption in a variety of ways. For
example, (R; 14 — R, ) clearly moves with the Livingston expectations of future
inflation, (7], — 7/g). For 1953-1986, the correlation between these series is
0.60. Table 6 (Panel A) makes the same point. After 1979, one cannot reject the
hypothesis that the variables move in perfect parallel, i.e., (o, 8) = (0, .12 In
addition, Table 7 shows that (R, 14 — R g) and (7] |, — 7 g) respond similarly to the
variables that are of special interest to us, i.e., the recent change in inflation, past

predictions of the spread reflect investors’ failure to raise sufficiently their expectations of future long
rates when the short rate rises.”

2In an earlier version of this paper, we obtain a similar result for long-term survey forecasts of
inflation collected by Drexel Burnham Lambert. For 1980-1987, we compare the monthly difference
between 10- and 5-year inflation forecasts with the comparable slope of the term structure, i.e., 10-yéar
yields minus 5-year yields (taken from Shiller and McCulloch (1990)). The correlation between both
series is 0.78.
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survey errors, and past inflation. Notice the surprising closeness of the estimates.
Chow tests based on the equivalent regressions in Panels A and B never allow us
to reject their equality.

TABLE 6

Survey Expected Changes in Inflation, Actual Inflation, and Survey Forecast Errors
as Predicted by the Slope of the Term Structure

Periods Dependent Variable «a o B g D-w Adj. R?
A: 4/53-10/86 wa B "fs 0.045 1.16 0.689 484 1.53 0357
10/79-10/86 -0.016 ~0.29 1.052 8.27 2.23 0.778
B: 4/53-10/86 T4 T8 —0.140 —1.11 1.084 2.14 215 0.056
10/79-10/86 -0.732 —3.49 1.659 3.02 2.32 0.213
C: 4/53-10/86 wig‘s Y —1.285 —2.48 3.725 2.15 0.90 0.087
10/79-10/86 1.427 2.44 1.962 2.09 1.65 0.042

The regressions are OLS with the tstatistics corrected as in Table 1. D-W is the Durbin-Watson coef-
ficient. The regressor is the slope of the term structure, defined as the difference between the yields
on a 14-month zero-coupon instrument and on an 8-month bill. Both yields are observed on the last
trading day of each April and October between 1953 and 1986. The number of observations is 68 for
the April 1953-October 1986 period and 15 for the period after 1979.

In sum, we find that the yield spread varies as survey forecasts of inflation
vary. This is consistent with the expectations theory. However, the results do not
speak to the rationality of the forecasts. If, as suggested by Section IIL, (r7 |, —77g)
is biased, so may be the slope of the term structure.

At least three empirical predictions follow from this hypothesis. First, the ex
post forecast error in 7ry,4 ¢ is predictable from the yield spread, even as the forecast
is being made. When the spread is positive, economists’ forecasts of inflation tend
to be too high. When it is negative, they are too low. See Table 6 (Panel C). On
the one hand, this finding questions the rationality of the surveys. On the other, it
suggests that the yield spread contains the same error.'?

Second, (77, — 7;g) predicts ex post term premia. See Table 5 (Panel B).
If the slope of the term structure predicts bond excess returns because it prox-
ies for time-varying risk, there is no reason why, at time ¢, the survey expected
change in inflation between ¢ + 8 and ¢ + 14 would also predict excess returns.
Presumably, bond prices rationally incorporate such expected changes at ¢ and no
further predictable price movements should occur between ¢ and ¢ + 6. Neverthe-
less, the parameter estimates in Panels A and B of Table 5 are very similar. This
suggests that the predictive power of the yield spread derives, at least in part, from
(mf 14 — T g). Apparently, when inflation accelerates, 77, is low relative to 77,
long rates are low relative to short rates, and long-maturity instruments are poor in-
vestments. Conversely, long bonds are excellent investments when inflation slows
down.

The third and perhaps most noteworthy implication is that past survey errors—
which get repeated and predict the spread—also predict ex post term premia. Table
5 (Panel C) indeed confirms that bonds earn higher returns when the economists

3The yield spread may contain systematic error and yet predict the path of future inflation. See
Table 6 (Panel B). This is consistent with Fama (1988) and Mishkin (1988).
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overpredicted inflation in the prior survey, i.e., when Wf«-ﬁ,s > Tyeb e 14 This result
suggests potentially profitable bond trading strategies. A thought experiment,
inspired by Mankiw (1986), makes this clear. Suppose that an investor decides to
buy 10-year bonds worth $1 million with funds that are borrowed at the 6-month
rate when the past (annualized) forecast error is two standard deviations above its
sample mean for the 1953-1986 period (—1.06 percent). This implies that, on an
annual basis, the Livingston economists overestimated inflation by 3.21 percent
during the last 6 months. Then, from Table 5 (Panel C), the expected return on
the strategy is 11.28 percent before transaction costs (or $56,400 for the next 6
months) with a standard error of 15.29 percent ($76,450). If returns are normally
distributed, there is a 77 percent chance that the strategy is profitable.

TABLE 7
Predicting the Slope of the Term Structure and Survey Expected Changes in Inflation

Regressors « o B tg D-w Adj. R?

Panel A. Dependent Variable: Ry14 — Ryg

7rf—28,14 - Trrv_14‘14 0.142 7.28 0.037 3.87 1.20 0152
7 1o 14— Tr_1212 0.201 10.76 0.061 5.45 121 0.257
71414 0.228 0.73 0.020 2.90 0.81 0042
; . e
Panel B. Dependent Variable: 7y, — "fs
Ti_28.14 — T_14.14 0.142 559 0.035 2.48 1.24 0.094
78 o4 — T 1212 0.205 8.40 0.066 5.30 148 0.239
—Tt_14.14 0.244 5.36 0.024 2.64 1.03 0.057

The regressions are GLS with the t-statistics corrected for heteroskedasticity (White (1980)). The R-
squares measure the fit of the structural part of the model after transforming for the autocorrelation.
D-W indicates the Durbin-Watson coefficient for the OLS regression. The slope of the term structure is
the difference between the yields on a 14- and an 8-month bill. Both yields are observed on the last
trading day of each April and October between 1953 and 1986. All regressions have 68 observations.

From the above discussion, we conclude that movements in term premia
are partly driven by inflation forecast errors. Interestingly, however, the yield
spread does not lose all its predictive power if past inflation forecast errors are
taken into account. For example, for 1953-1986, a regression with (Ri1a — R;3)
and (m]_¢ g — m-66) on the right-hand side and with excess returns on 10-year
bonds as the dependent variable has an R? of 0.22, considerably higher than do
the bivariate regressions in Table 5. The estimated coefficients (beta weights) are
16.87 (0.35) for the spread (s-statistic: 3.12) and 2.10 (0.28) for the past forecast
error (7-statistic: 2.46). Both variables retain about the same level of statistical
significance if the regression includes survey and other conventional measures of
inflation and output uncertainty, factors that we consider next.

B. Term Premia, Risk, and the Business Cycle: Survey Evidence

Even though term premia systematically vary through time, few researchers
have found any ex ante observable economic variables (besides the term structure

.. I
4The results are similar for other measures of past forecast errors, e.g., (7r["_I2 14 ™ Tr—-12,12)-
However, once (7r,"_6 g — T1-6,38) is included in the regressions, other forecast errors or further lagged
errors add no explanatory power.
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spread) that reliably predict their movements.'> We now discuss the relationship
between term premia, the yield spread, and survey measures of business cycle risk.

Fama (1976a), (1976b) suggests that the premia reflect uncertainty about
future inflation. In the spirit of this earlier work, we consider five measures: 1) the
standard deviation of the 8-month Livingston forecasts; 2) the standard deviation
of the 14-month forecasts; 3) the standard deviation of the 6-month forecasts,
starting 8 months after the survey date; 4) the mean absolute monthly change in
inflation for the 24 months centered around the Livingston survey month; and
5) the measure proposed by Fama, i.e., the mean absolute change in the yield
of a 1-month Treasury Bill for 24 months (centered around the Livingston survey
month). As Fama concedes, there is an obvious problem with all of these measures.
Contrary to modern portfolio theory, they assume that risk and return uncertainty
are equivalent.'®

Panel A (B) in Table 8 reports regressions with the excess returns on a 12-
month bill (10-year bond)—i.e., the (annualized) 6-month return minus the yield on
a 6-month bill—as the dependent variable. With risk aversion, the premia should
be positively related to inflation uncertainty. However, none of the coefficient
estimates (models #1-#5) are significantly different from zero. The results stand
in contrast to Fama’s (1976a), (1976b) findings at the short end of the maturity
spectrum and to the work of Engle, Lilien, and Robins (1987).

Possibly, our estimates are biased toward zero because of measurement error.
Therefore, we also consider regressions with the yield spread—the yield on a
12-month bill (or a 10-year bond) minus the yield on a 6-month bill—as the
predictor variable and the five inflation uncertainty proxies as regressands. If the
measurement error is uncorrelated with the yield spread, there should be no bias.
All the estimated slopes (not reported) are negative; five out of ten are significant
but the R”s are very low. Thus, contrary to intuition, if the yield spread is a risk
proxy, it would appear that long-term instruments are less risky when inflation
uncertainty is high.

The Livingston survey respondents also provide 8- and 14-month forecasts of
industrial production (IP). When they are compared with base numbers collected
from the Federal Reserve Bulletin, we can use the cross-sectional standard devia-
tions of the forecasted percentage change in [P as measures of output uncertainty.
Are there links between output uncertainty and term premia? Once again, the
results in Table 7 (models #6 and #7) are unfavorable. Regressions with the yield
spread as the predictor variable (not reported) are equally disappointing. However,
consistent with Hasbrouck (1984), the output uncertainty measures show a positive
sign when related to a stock market risk premium, e.g., the (annualized) 6-month

15For example, Friedman (1980) finds no evidence that term premia vary with indicators of economic
policy. Mankiw (1986) checks whether bond price volatility, consumption covariability, or changes in
asset supply explain the movements in the yield spread. None do. Consistent with consumption-based
asset pricing models, Harvey (1989) finds that, since 1953, the real term structure has predictive power
for per capita growth in real consumption. However, the R?s are small and they depend a lot on the
results of one subperiod, 1972-1987.

16 Also implicit in measures 1-3 is the assumption that the standard deviation of a set of predictions
made by different individuals (predictive dissent) is an acceptable proxy for the uncertainty felt by
the representative investor. Zarnowitz and Lambros (1987) study NBER-ASA probabilistic inflation
forecasts and find that lack of consensus and uncertainty are usually positively correlated.
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TABLE 8
Term Premia and Uncertainty about Inflation and Industrial Production

Model o te 8 tg D-W Adj. R?
Panel A. Dependent Variable: Excess Return on 12-Month Bill

1 —-0.022 —0.05 0.119 0.34 2.21 -0.014
2 0.053 0.10 0.068 0.15 2.22 -0.015
3 0.654 1.41 -0.316 —1.24 217 0.008
4 0.210 0.65 —0.032 -0.13 2.22 -0.015
5 0.301 0.99 -0.428 -0.73 2.22 0.007
6 0.282 0.44 -0.044 —0.24 2.19 -0.015
7 —0.100 -0.18 0.085 0.19 2.22 -0.012
Panel B. Dependent Vanable: Excess Return on 10-Year Bond .

1 5.157 1.01 —4.514 —1.22 1.77 0.007
2 3.815 0.67 —3.949 —-0.82 1.75 -0.005
3 6.336 1.29 —4.152 -1.54 1.73 0.021
4 2.138 0.31 —1.078 —0.41 1.76 -0.013
5 2.840 0.88 —8.458 -1.36 1.79 0.013
6 3.039 0.45 -1.080 —-0.54 1.74 -0.011
7 -3.310 -0.56 1.010 0.50 1.80 -0.011

The regressions are OLS. D-W refers to the Durbin-Watson statistic. All regressions have 68 observa-
tions. Each corresponds to the last trading day of every Livingston survey month between June 1953
and June 1986. The returns, over and above the yield on a 6-month bill, are measured between the last
trading day of June (December) and the following December (June). Inflation uncertainty is measured
by the standard deviation of Livingston 8-month inflation forecasts (model 1); the standard deviation of
14-month forecasts (model 2); the standard deviation of 6-month forecasts, 8 months after the survey
date (model 3); the mean absolute monthly change in inflation for the 24 months centered around the
Livingston survey month (model 4); the mean absolute monthly change in the 1-month Treasury bill yield
during 24 months centered around the survey month (model 5). Output uncertainty is measured by: the
standard deviation of Livingston 8-month expected percentage changes in industnal production (model
6); the standard deviation of 14-month expected percentage changes in industrial production (model
7). Returns as well as inflation and output forecasts are annualized.

excess returns on the Standard & Poor’s Index for Industrial Companies. As with
bonds, the stock market risk premium is not explained by inflation uncertainty.

VI. Conclusion

The approach of this study is to combine inflation survey with bond market
data for the 1953-1987 period. This research strategy allows us to distinguish
changing inflation expectations from other factors that influence interest rates, for
example, liquidity, risk, and tax effects. Apparently, past inflation forecast errors
predict future forecast errors in surveys, predict future movements in real rates,
and predict term premia on U.S. Government Bonds. Even though the inflation
forecasts fail standard rationality tests, movements in the yield spread strongly
reflect their variation through time.!”

The evidence is consistent with a Fisher effect and with the expectations
theory of the term structure. It also suggests that past experience weighs too
heavily in how investors intuitively judge future levels of inflation and interest
rates. However, the inertia in expectations may be rational if we consider the costs
and benefits of more accurate forecasts and/or possible regime changes (with the

17Tt would be interesting to test the robustness of this result with data for foreign countries. Studies
of inflation survey data for Britain (Batchelor and Dua (1987)) and Sweden (Jonung and Laidler (1988))
find, as we do, that the forecasts seem insufficiently adaptive. However, the link with interest rates and
the term structure has not been investigated.
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implication that rational expectations resemble adaptive expectations). From this
perspective, it seems that investors need considerable time to appreciate the real
and monetary shocks underlying movements in consumer price levels.
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