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Abstract

Three papers use data from surveys of market participants, to
measure exchange rate expectations without having to make arbitrary
assumptions about the risk premium in the forward exchange market.
The first paper estimates extrapolative, adaptive, and regressive
models; it finds that expectations are stabilizing. The second con-
siders the popular regression of ex post depreciation against the
forward discount. The third examines the difference between short-
term and long-term expectations. In each paper we reject the hypo-
theses that one can statistically infer expectations from ex post
exchange rate changes, i.e., we find evidence of systematic expecta-
tional errors.
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Three Essays Using Survey Data on Exchange Rate Expectations

SUMMARY

Each of the three papers uses data on exchange rate expectations

from three independent surveys of market participants, carried out by
the American Express Bank Review (1976-85), The Economist Financial Report

(1981-86), and Money Market Services, Inc. (1983-86). These data
provide a way of measuring expectations without prejudging whether the
exchange risk premium exists or whether systematic expectational
errors occur within sample periods.

The first paper estimates models of extrapolative, adaptive,” and
regressive expectations, and in each case tests whether expectations
are stabilizing (inelastic) or destabilizing (elastic). The second
paper considers the regression, popular in the literature, of ex post
depreciation against the forward discount. The third paper trepeats
the preceding tests but uncovers a striking difference between the
behavior of expectations at short-term horizons (less than three
months) and long-term horizons (up to one year). Each of the three
papers rejects the hypothesis of static, or random-walk expectations;
and each rejects the hypothesis that one can statistically infer
expectations from ex post exchange rate changes, i.e., each finds
evidence of systematic expectational errors.

The authors would like to thank seminar participants at the NBER
Summer Institute, Columbia University, the Federal Reserve Board, the
International Monetary Fund, the M.1.T. Economics Department, the
University of Washingtom, the University of Alberta, the University of
British Columbia, the Bank of Japan, the Reserve Bank of Australia,
Yale University, and the M.I.T. Sloan Schoel. The first essay is a
heavily revised version of NBER Working Paper No. 1672 and is forth-
coming in the American Economic Review. The second paper appeared as
NBER Working Paper No. 1963, The third paper appeared as a Federal
Reserve International Finance Discussion Paper.
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Forthcoming, American Economic Review

Using Survey Data to Test Standard Propositions
Regarding Exchange Rate Expectations

Jeffrey A. Frankel
and

Kenneth A Froot*

Survey data provide a measure of exchange rate expectations
superior to the forward rate in that no risk premium interferes.
We estimate extrapolative, adaptive and regressive models of
expectations. Static or "random walk" expectations and
bandwagon expectations are rejected: current appreciation gen-
erates the expectation of future depreciation because variables
other than the contemporaneous spot rate receive weight. In
comparing expectations to the process governing the spot rate, we
find statistically significant bias.

No variable is as ubiquitous in international financial theory and yet &s
elusive empirically as investors' expectations regarding éxchange rates. In the
past, expectations have been modelled in an ad hoc way, often by using the for-
ward exchange rate. There is, however, a serious problem with using the for-
ward discount as the measure of the expected change in the exchange rate, in
that the two may not be equal. The gap that may separate the forward discount
and expected depreciation is generally interpreted as a risk premium. Most of
the large empirical literature testing the unbiasedness of the forward exchange
rate, for example, has found it necessary either arbitrarily to assume away the
existence of the risk premium, if the aim is to test whether investors have
rational expectations, or else to assume that expectations are in fact rational,

if the aim is to test propositions regarding the behavior of the risk premium.

We offer a new source of data to measure exchange rate expectations that

avoids such problems: three independent surveys of the expectations held by
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exchange market participants. Between 1976 and 1985, American Express
Banking Corporation (Amex) has polled a sample of 250-300 central bankers,
private bankers, corporate treasurers and economists regarding their expecta-
tions of major exchange rates six montl;s and twelve months into the future,
approximately once a year. Since 1981, the Economist Financial Report, 2
newsletter associated with the Economist, has conducted at regular six week
irtervals a survey of 14 leading international banks regarding their expecta-
tions at three, six and twelve-month horizens. And since 1983, Money Market
Services, Inc. (MMS), has conducted a similar survey on & weekiy or bi-weekly

basis, at a variety of short-term horizons. The first two surveys record expec-

tations of five currencies against the dollar (the pound, French franc, mark, .

Swis¢ franc and yen), end the MMS data has been collected for four currencies
{the pound, mark, Swiss franc and yen). In each survey, it is the median

response that is reported.

In this paper' we are interested principally in two questions: how best to

describe the survey expectations in terms of simple models of investors’ expec-

tations forn;ation; and whether investors' expectations are unbiased forecasts
of the actual spot exchange rate process. Our aim here is not to develop ariy
special new hypotheses of our own. But a theme which runs throughout our
investigation is the stability of exﬁectations. Do the data confirm the suspicions
of some critics of floating exchange rates that expectations are characterized
by bandwagon effects? Or, in line with many macro models of exchange rate
determination, does & current appreciation of the currency by itself generate

expectations of future depreciation?

The paper is organized as follows. Section ] discusses the exchange rate
survey data. In section 1 we present some simple but enlightening summaeary

statistics from the surveys. In section Il we attempt to describe the survey
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data by using several popular formulations for exchange rate expectations:
extrapolative, adaptive, and regressive models. Section IV then investigates the
behavior of the actual spot process and the rationality of the various expecta-
tions mechanisms considered in section IIl. In section V, we ofier some thoughts

on heterogeneity of exchange rate expectations. Finally, section VI gives our

conclusions.

1. THE SURVEY DATA

Economists generally distrust survey data. It is a cornerstone of "positive
economics” that we learn more by observing what people do in the marketpiac_e
than what they say. Nevertheless, alternative measures of expectations all have
their own drawb.acks. ¥or this reason, closed-economy macro and financial
economists have found survey data useful, in studies of expected inflation
(where the Livingston survey has been the most populer), expected official
announcements of the money stock and other macroeconomic variables (where
MMS is the sc.mrce). and firm inventory behavior and related topics {see Michael
Lovell {1988)). To our knowledge, there had been no studies prior to this one
using survey data on exchange rate expectations.! This might be consider?d
surprising in light of the great interest in the subject, evident in the large litera-
ture on the forward market. One could even argue that the case for using sur-
vey data on exchange rate expectations is on firmer ground than the case for
using survey data on inflation expectations. The respondents to the surveys
participate more directly in the spot and forward exchange markets than the
respondents to the Livingston survey participate in the goods markets: they are
economists in the foreign-exchange trading room or the traders themselves in
major international banks who have up-to-the-minute information on the values
of the currencies covered. At the very least, these exchange rate survey data

contain some useful information that warrants study. It seems likely that
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economists have not used the data.in the past only because they have been

unaware of its existence.

One limitation to the survey data should be registered from the start, the
relatively small number of times the surveys were conducted as of early 1986:
12 dates for the Amex data, 38 for the Economist data, 47 for the 1883-84 MMS
survey.? By pooling the croés-section of four or five currencies at each suwe‘y
date, however, we achieve respectable sample sizes. The obvious contem-
poraneous correlation of error terms across currencies may be exploited, and
we do so with two techniques. Seemingly Unrelated Regressions are used in
cases where the error terms are serially uncorrelated, while Method of Moments
estimators are employed when under the null hypothesis there is serial correla-
tion.3 In addition, there is considerable variety of forecast horizon in the data
we employ. We estimate equations for the pooled data at three, six and twelve-
month horizons for the Econoﬁﬁst data, three-months for the MMS data, and six

and twelve-months for the Amex data.

1. PRELIMINARY RESULTS

Before we set out to test the hypotheses of interest, some descriptive

statistics and preliminary tests are in order.

A. The Magnitude of Expected Depreciation

First, the survey data can be used to shed some light on guestions con-
cerning the size of expected depreciation relative to the forward discount. In
general the forward discount can be decomposed into expected depreciation

and the risk premium:
Jd¢ = Asfy, + TP, .

where fd, is the log of the forward rate minus the log of the spot rate at time t

(expressed in dollars per unit of foreign currency), and Asf,, is the log of the
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expected future spot rate minus the log of the current spot rate. Many models
of exchange rate determination have made the simplifying {(but extreme)
assumption that expectations are static, for lack of & better alternative, ie.,

that expected depreciation is zero:

(1) Asfy; =0, .

For example, William Branson, Hannu Halttunen and Paul Masson {1977) did so,
giving as a reason that "we have very little empirical evidence on alternative,
more complicated expectations mechanisms"” (p. 308). The immortal Mundell-
Fleming model of exchange rates under conditions of perfect capital mobility
can be interpreted as having assumed static expectations, so that internation‘al

arbitrage equated domestic and foreign interest rates.

More recently, this point of view has been, in a sense, vindicated by the
work of Richard Meese and Kenneth Rogoff (1983). They have shown that the
current spot exchange rate is a better predictor of the future rate than are
standard mﬁnetary models, more elaborate time series models, or the current
forward exchange rate; that is, that the exchange rate seems to follow a ran-
dom walk. Similar empirical findings have turned up in other contexts. Mal?y
papers, such as Jobn Bilson (1981) and Roger Huang (1984), have reported evi-

~dence that the rational expectation is closer to zero depreciation than to the
forward discount. These authors did not explicitly conclude that the same is
necessarily true of investors' expectations; they found support for the random
walk model of the spot rate, but were relatively agnostic on investors’ expecta-

tions.

Nevertheless, this work seems to imply that investors' expected deprecia-
tion is not a very interesting variable -- that it does not differ very much from
zero and is not very responsive to changes in the contemporaneous information

set. Bilson (1985) seems to express this point of view, holding that "actual or
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market forecasts of exchange rates” are unrelated to t.he forward discount.
The position in the Bilson paper is, in efiect, that the random walk holds not
only as a description of the actual spot rate process but also as a description of
investors’ expectations formation. 1t follows that the risk premium constitutes

the entire forward discount.

A very different impression of the relative importance of expected depreci"
ation as a component of the forward discount is given by all three of our sur-
veys. Table 1a shows, for each of the surveys, expected depreciation of the dol- A
lar againét. all currencies for which data are available. Most striking is that the
survey expected depreciation is not only consistently positive, but is larger
{often several times larger) than the expected depreciation implied by the con-
temporaneous forward discounts reported in Table 1b. An important feature of
Table 1a is the apparent agreement across different surveys and forecast hor-
izons. The corroboration of such large expected depreciation numbers sug-
gests that the results are not due to the particularities of e'ilch survey's respon-
dents. Table 2 shows the averages of alternative measures of expected depreci-
stion by survey and by country. The forward discount numbers seem to imply
that, on average, the dollar was expected to depreciate against the mark, Swié_s
franc and yen, to remain epproximately unchanged against the pound, and to
appreciate against tine franc. The survey expectations, on the other hand, sug-
gest that the results in Table la do not mask a great deal of variation across
countries. Table 2 shows that the surveys consistently predicted substantial
depreciation of the dollar against all five currencies surveyed. In every survey,
expected depreciation is considerably smallér, however, for currencies that

were selling forward at a smaller discount (or a larger premium).

These simple results provide some indication that market expectations are

positively correlated, at least cross-sectionally, with the forward discount.
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Such systematic relationships between expected depreciation and other con-
temporanecus variables suggest that there is more to investor expectations

than is revealed by the random walk model of expectations.4

B. Unconditional Bias

The simplest possible test of rational expectations is to see if expectation.s
ere unconditionally biased, if investors systematically overpredict or under-
predict the future spot rate. Tests performed in the 1970s clearly failed to find
any unconditional bias.5 But in the 1980s the dollar has consistently sold at a
discount in the forward exchange market against the most important curren-
cies, as is shown in Tables 1b and 2, and it was not until 1985 that the grea;..
long-anticipated dollar depreciation began to materialize. Indeed, George
Evans (1985) uses a nonparametric sign test on the forward rate prediction
errors over the 1981-84 period and finds significant unconditional bias against
" the pound. Could there be unconditional bias in the suﬁey data for this peried

as well?

Table 3 reports formal tests of unconditional bias. The MMS three-month
data, available for the period January 1983 to October 1884, show statistical'ly
significant bias for all four currencies, even more than the three-month forward
discount data during the same period. The Economist data is available through
1985, the first year of dollar decline. The bias is not quite statistically
significant at the three-month and six-month horizons, but it is significant at
the one-year horizon.® The general rule seems to be that when the forward
discount is biased, the survey data are also biased, with the implication that the
finding cannot be attributed to a risk premium. The presence of biasedness in
the 1880s clearly arises from the episode of _dollar appreciation that ended in
February 1985. Respondents consistently overpredicted the future value of

foreign currencies against the dollar in this period.
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One explanation that could be suggested for such ﬁﬂdings of biasedness is
that the surveys measure investors' expectations with error. But it should be
noted that if one is willing to assume that the-measurement error is random,
then the conclusions are unaffected. Under the null hypothesis, positive and
negative measurement errors should average out, just like positive and negative

prediction errors by investors. '

Short of cdncluding that investors’ expectations are not equal to the
rationally expected value, one major possible explanation for findings of biased-
ness remains. 1t is that the standard errors in our tests are mvaﬁdated by the
"peso problem"” of non-normality in the distribution of the test-statistic. The
peso problem arises when there is a small probability of a large change in the
exchange rate each period -- such as resuits from a devaluation, a bursting of a
specuiat.ive bubble, or a big change in fundamentals -- and when the sample size

is not large enough to invoke the central limit theorem with confidence.” 8

The sensitivity of the direction and magnitude of tl;e bias in prediction
error is evident in the Amex survey, the only one available in 1976-78. These
data show unconditional bias in the opposite direction in the earlier period, as
" do the forward rate data: respondents consistently underpredicted the value c}f
foreign currencies against the dollar. When the entire Amex data set from 1976
to 1985 is used, preciiction errors show no unconditional bias for either the sur-

vey data or the forward rate.

H1. TESTS OF EXPECTATIONS FORMATION

The guestion of what mechanisms investors use to form expectations is of
interest independent of the question of whether these mechanisms are rational,
that is, whether they coincide with the mathematical expectation of the actual
spot process. In this section we investigate alternative specifications of expec-

tations, and in section IV we test for their rationality. s
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A number of simple formulations have traditionally been used. A general
tramework for expressing them comes from writing the investors' expected
future (log) spot rate as a weighted average of the current (log) spot rate with

weight 1—g and some other element, z,, with weight 8:

(2) sfyy = 8z + (1-8)s, .

In examining different versions of equation (2), our null hypothesis will be that
expectations are in fact static, Le, that §=0 {investors believe in the random
walk). We choose interesting cendidates for the “other element”, z;, as alterna-
tive hypotheses. The models we will consider are extrapolative expectations,
adaptive expectations, and regressive expectations. They feature as the "othe-r

element” z,:'the lagged spot rate, s,_;, the lagged expectation, sf, and some

notion of a long-run equilibrium level of the spot rate, &, respectively.

One characterization of expectations formation often claimed by mafket
participants themselves is that the most recent trend is. extrapolated: if the
currency has been depreciating, then investors expect that it will continue to

depreciate.? Such "bandwagon” expectations are represented:
(3) | _ Asfyy = —ghs; . .

where As; is the most recent observed change in the log of the exchange rate
and g is hypothesizéd to be less than zero. {Again, static expectations would be
the special case where g = 0.) It has long been a concern of critics of floating
exchange rates that bandwagon expectations would render the sysitem

unstable. For example, Ragnar Nurkse (1944, p. 11B):

[Speculative] anticipations are apt to bring about their own realiza-
tion. Anticipatory purchases of foreign exchange tend to produce or
at any rate to hasten the anticipated fall in the exchange value of the
national currency, and the actual fall may set up or strengthen expec-
tations of a further fall.... Exchange rates under such circumstances
are bound to become highly unstable, and the influence of psychologi-
cal factors may at times be overwhelming.
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Nurkse’s view was challenged by Milton Friedman (1953), who argued that
speculation would be stabilizing. "Speculation” can be defined as buying and
selling of currency in response to expectations of exchange rate changes, as
compared to the counterfactuel case of static expefctations. A .property of
bandwagon expectations is that the expected future spot rate as a function of
the observed current spot rate has an elasticity that exceeds unity, as con-
trasted to static expectations, in which the elasticity is equal to unity. Because
investors sell a currency that they expect to depreciate, it follows that under

bandwagon expectations speculation is destabilizing.

The remaining three models we discuss go the opposite direction. They can
all be subsumed under tl"m label inelastie, or stabilizing, expectations: a change
in the current spot rate induces a revision in the expected future level of the
spot rate that, though it may be positive, is less than proportionate. An
observed appreciation of the currency generates an anticipation of a future
depreciation of the currency back, at least partway, toward its previously.
expected level. If speculators act on the basis of the expected future deprecia-
tion, they will put downward pressure on the price of the currency today; in
other vords. speculaticn will be stabiliziné. One case of inelastic expectations

is equation (3) with g greater than zero. An equivalent representation would be

(4) sta =1 =g)si+gsia

where 5; is the logarithm of the current spot rate and g is hypothesized to be
positive. The hypothesis is a simple form of distributed lag expectations. Obvi-

ously we could have longer lags as well.

In the tables below, we can interpret the regression error as random meas-
urement error in'the survey data. Under the joint hypothesis that the mechan-
ism of expectations formation is specified correctly and that the measurement

error is random, the parameter estimates are consistent. It should be noted
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that this joint hypqthesis is particularly restrictive because the spot rate
appears on the right-hand side; if 2 change in expected depreciation feeds back
to aflect both the contemporaneous spot rate and any element of the regres-
sion error, then the parameter estimates will be biased and inconsistent. Such
sirmultaneocus equation bias, however, is not e problem under our null

hypothesis that expected depreciation is constant.

Table 4 reports the results of the Seemingly Unrelated Regressions10 of the
survey expected depreciation on the recent change in the spot rate, equation
(3), which we call under the general title of extrapolative expectations, where
g > 0 represents the case of distributed lag and g < 0 represents the case of
bandwagon expectations,!! Most of the slope parameters in the column labelled
"g" in Table 4 are positive and significant at the one percent level. The evidence
suggests that expectations are lessr than unit elastic with respect to the lagged
spot rate, that is, expeétat.ions are étabﬂizing. For example, the point estimate
of 0.04 in the three-month Economist data set implies an appreciation of 10
percent today generates an expectation of a 0.4 percent depreciation over the

next three months, a rate of 1.6 percent per year.

The Durbin-Watson tests for serial correlation reported in Table 4 (except
those for the Amex data sets) are the av.erages of the equation by equation OLS
regressions used in the first step of the SUR procedure. For this reason, and
since the Amex data are irregularly spaced and thus are not true time series,
values of the DW test must be interpreted with caution. Nevertheless, the null
bypothesis of no "serial” correlation is still appropriate, and the low reported
values of the statistic suggest that the standard errors are suspect. To correct
for serial correlation in the residuals, we used a generalized three stage least
squares estimator that allows for contemporaneous as well as first order serial

correlation of each country's residual.}? These results for the Economist and
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MMS date sets are reported beneath the uncorrected SUR estimates in Table
4.13 While we find some evidence of seriél correlation in the data, the corrected
coefficients are similar in size, and the standard errors are even more unfavor-
able to the bandwagon hypothesis than in the uncorrected SUR regressions.
The lone case of & negative point estimate for g, in the three-month MMS sam-

ple, loses its statistical significance under the correction for serial correlation.

Despite the rejection of bandwagon expectations in favor of the stabilizing
distributed lag, it may still be true that psychological factors are important in
foreign exchange markets. The absence of bandwagon eﬁecfs in the data does
not rule out the possibility of -speculative bubbles. For example, rational bub-
bles which are constantly forming and popping would not yield systematic

bandwagon effects in the spot rate.

Adaptive expectations are an old standby in the economist's arsenal of
expectations models. The expected future spot rate is formed adaptively, as a_
weighted average of the current observed spot rate and the lagged expected

rate:
(3) 871 = (1—7))se 47182
where 7, is hypothesized between 0 and 1 for expectations to be inelastic.14

We report the results of regressing expected depreciation on the lagged

survey prediction error in Tabie 5:
(5", Ast.y = 7\(s? - ;).

Three of the six coefficients in the column labelied ¢, are statistically
significant. All three are positive, implying that expectations place positive
weight on the previous prediction. The results in Table 5 provide evidence in
favor of the hypotheéis that expectations are stabilizing.1® The DW statistics are

again very low, particularly in the twelve-month data. When we use the three
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stage least sgquares correction Tor serial correlation, the coefficient is

significant in three out of four data sets.

The regressive expectations model was made popular by Rudiger Dorn-
busch {1976b). It is a more elegant specification, consistent with dynamic
models in which variables such as goods prices converge toward their long-run
equilibriumn values over time in accordance with differential equations, or, in

discrete time, in accordance with difference=quations:
(6) 5:4.1 =(1-—i|$)s,+19$_¢ .

Here § is the long-run equilibrium exchange rate, and ¢ (a number between 0
and 1 in this discrete-time ;ersion) is the speed at which s; is expected to
regress toward &, as can perhaps be seen more clearly in the equivalent

representation,

(7) Asf,y = —O(s; - &) .
The long-run equilibrium, §, can itself change. It is normally assumed to obey
Purchasing Power Parity, increasing proportionately in response to a change in

the domestic money supply and price level.

In the econometric tests below, we iry out two alternative formulations for
§;. The simplest possible description of the long-run equilibriur_n is that it is
constant over our sample. Thus we regress expected depreciation on the spot
rate and constant terms for each country. The results are presented in Table B.
A secondspecification for the long-runwalue of the exchange rate is that given
by purchasing power parity. In this case, § moves with relative inflation

differentials instead of remaining constant:

. & =8q+ 1 M
(8) ; t = =0 ogRg/PQ

where s, is the log of the average nominal value of the foreign currency in
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terms of dollars, 1973-79, F; and P* are the current monthly levels of the US
and Foreign CPls, respectively, and Py and P*; are the average levels of the US

and foreign CPls, 1973-79.

The general conclusions that come out of Tables 8 and 7 are identical
Four of the six data sets give significant weight to the long-run equilibrium, in
each_case positive. Investors expect the spot rate to regress toward its long-
run equilibrium. Note that this is a stronger property than the fact, which we
discovered in Tables 1a and 2, that investors have been forecasting large depre-
ciation on average throﬁghout the 1980s. Regressivity requires not only that
investors expect a currency that is above its long-run level to depreciate, but
also that they expect it to depreciate by more the farther it is above its equili-
briumh value. In Table 7, the Economist regressions at three-month, six-month
and twelve-month horizons show that deviations frormm PPP are expected to
decay at annual rates of {1-0.9881%)~5 percent, (1-0.9218%)%15 percent and
24 percent, respeétively. This last figure implies that the expected half-life of

PPP deviations is 2.5 years.

Clearly, if a high R® were our goal, more complicated models could have
been reported. We estimated a more general specification for expectations,
expanding the. information set to include éhnult.aneously the current and lagged
spot rates, the long-run equilibrium rate and the lagged expected spot rate. We
then tested the entire set of nested hypotheses, beginning with this general
specification all the way to static expectations. In particular, we considered as
alternatives to the simple models discussed above hybrid specifications such as

"adaptive-bandwagon":
Asfyy = y(s? - 8;) — ghssy,y

The R%s of these more complex permutations were higher than those reported

in Tables 4 through 7. However, the best fits were for models which are
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unfamiliar compared with the popular formulations above. Furthermore, the
strongest statistical rejéctions were those reported here, of static expectations
against the simpler extrapolat.zve, adaptive and regressive models; when
estimating the hybrid models, by contrast, we were able statxstxcally to accept
the constraints implied by the simple models. For these reasons we do not

report the resuits.

The central point of our analysis is to investigate the robustness of a rejec-
tion of static expectations, not to settle on any single model of expectations.
The goodness-of-fit statistics in Tebles 4 through 7, however, give us an oppor-
tunity to compare the fits of {hese simple alternative specifications. From this
set of alternatives, the best model appears to be the distributed lag. '

IV. ARE EXPECTATIONS FORMED RATIONALLY?

-

Now that we have an idea of the parameters describing the forrnation of
investor expectatmns. we will see how well they correspond to the parameters-
describing the true process governing the spot rate. ¥We could estxmate ﬁrst the
mathematical expectation of the actual spot process conditional on each of the
information sets considered in section IIl, end only then test for equality with
the process governing investors’ expectations. Here we report directly regres;
sions of the difference between investor expectations and the realized spot rate
— Asf,; — Bsgsq. orrequivalently. §f,; — ;4 — against the same variables as in
the preceding section. Under the null hypothesis the coefficient should be zero,
and the error term should be uncorrelated with the right-hand-side variables,
i.e., the spot rate prediction error should be purely random, as should be the
case for any right-hand-side variables observed at time t. Furthermore, under
the null hypothééis, the error term should be serially uncorrelated, which
makes the econometrics easier. The logic is the same as in the existing litera-

ture of rational expectations tests, where expectations are measured by the
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forward rate rather than survey data, except that we are free of the problems
presented by the risk premium.16 Because.a statistical rejection of the null
hypothesis could in theory be due to the failure of the error term to have the
proper normal distribution (the "peso problem”" mentioned in section 1B), or
could be due to a learning period following a "regime change,” rather than to a
failure of investors to act rationally, we will use the terms "systematic expecta-
tional errors” or "bias in the sample” to describe the alternative hypothesis in

preference over a "failure of rational expectations.”

In testing whether expectations are biased in the sample, there are added
advantages in having first tested models of what variabies matter for expecta-
tio.ns. For those cases in which 1-nre fail to reject the null hypothesis, it helps to
have an idea whether the right-hand-side variable is relevant to determining
As?,, and As;,,: if not, the test for the presence of bias is not very powerful.
For those cases when we do reject the null hypothesis, we will have a ready—_
made description of the nature of investors’ bias. An explicit alternative

hypothesis is lacking in most standard tests.

A. Econometrie Issues

The tests of rational expectations below were performed by OLS with stan-
dard errors calculated using a method of moments procedure. The usual OLS
standard errors are inappropriate because of the contemporaneous correlation
across countries, and a sampling interval many times smaller than the forecast
borizon. In the previous section, where expected depreciation is the regres-
sand, a iong fbrecast horizon and short sampling interval do not themselves
imply that the error term is serially correlated, since expectations are formed
using only conterﬁpo'raneous and past information. When the prediction error is
on the left-hand-side, however, we have the usual problem induced by overlap-

ping observations: under the null hypothesis the error term, consisting of new
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information that becomes available during the forecast interval, is a moving
average process of an order equal to the number of sampling intervals con-
tained in the forecast horizon minus one.l? The OLS point estimates remain
consistent in spite of the serially correlated residuals. The method. of moments

estimate of the sample covariance matrix of the OLS estimate, g is:
9 © = (Xarr Xoer) ™ Xaer' Whaer{Xoer Xoer) ™!
where Xyp is the matrix of regressors of size N (countries) times T (time). The

{i.7)%* element of the unrestricted covariance matrix, 0 is:

olij)= E é tq,,fu,_h;,- tor mT-nsksml+n;m=0,... N-1
M"‘ im0imk+1 )

(10) =0  otherwise.

where n is the prder of the MA process, 1:“,, is the OLS residual, and & = =5,
Such an unrestricted estimate of { uses many degrees of freedom; in the case
of the Economist twelve-month data, N = 5 and n = B.. so that the covariance.
matrix has N(N+1)n/2 or 120 independent parameters. We instead estimated

a restricted covariance matrix, { with typical element:

o(t +1T, £~k +pT) = Fll'f' ﬁ S(t+IT, t=k+pT) it L=p and -nsk=<n
i =0

W— i: 2 o(t+it, t—k+pT) if l#p end -nsksn
p=0i=0

(11) =0  otherwise,

These restrictions have the effect of averaging the own-currency and cross-
purrency autocorrelation functions of the OLS residuals, respectively, bringing

the number of independent parameters down to 2n.

L

A problem with our estimate of @ is that it need not be positive definite in

‘small samples. Whitney Newey and Kenneth West (1985) offer a consistent esti-
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mate of O that discounts the jth order autocovariance by 1 — {(/(m+1)), and is
positive definite in finite sample. For any given sample size, however, there i;
still a guestion of how large m must be to guarantee positive definiteness. In
the subsequent regressions we tried m = n {which Newey and West themselves
suggest) and m = 2n; we report standard errors using the latter value of m

because théy were consistently larger than those using the former.

B. The Results

We now turn to the resulls of our tesis of rationality within the three

models examined in section III.

In Table 4 we found that if investors’ expected future spot rate is viewed as
a distributed lag of the 'actual spot rate, then the weight on the current spﬂot
rate is less thap one and the weight on the lagged spot rate greater than zero.
Is this degree of inelasticity of expectations rational? Or is the future spot rate
more likely to lie in the direction of the current spot rate, as would be the case

if the actual spot rate followed a2 random walk?

Table 8 shows highly significant rejections for three of the six data sets of
the hypothesis that expectations exhibit no systematic bias. As in the case of
unconditional bias, the results are immune to measurement error in the survey
data, provided the error is orthogonal to the regressors. The Economist
twelve-month data significantly overestimate the tendency for the spot rate to
keep moving in the same direction as it had been, while the Amex data underes-
timate the tendency to keep moving in the same direction. The diversity of
results is not -primarily attributable to a difference between the two surveyé.
Table 4 showed similar parameters of expectations formation in the two sur-
veys. Rather t.h-e difference is primarily atiributable to the behavior of the
actual spot process during the two different sample periods for which data are

evailable. If one includes in the sample the years 1876-78, during which the
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Amex data is available, then more extrapolative expectations would have been
correct, bécause the dollar };ad a long run of declines followed by a long run of
appreciation. But if cne con:.siders the period 1981-85 alone, less extrapolative
expectations would have been correct, because first differences of the actual
spot rate {though usually negative) were not positively serially correlated.18 The
conclusion is that the actual spot process is significantly different from inves-
tors’ expectations, but it is also more complicated than a simple distributed lag

with constant weights, whether correctly perceived by investors or not.

In Table 5 we found that investors’ expectations can be viewed as adapfive.
When investors make a prediction error, they revise their pz_‘eﬁous expectations_
most, though not all, of the way to the new observed spot rate. Would they do
better to revise their expectation even farther, or less far? Assume that the
true best predictor of the future spot rate is a weighted average of the current

spot rate and the lagged expectation:

(12) ' Se41 = (1=y2)sy + 7288 + 514

Then investors’ expectations ﬁould be rational if and only if ¥, from eguation
" (5) were equal to 7, from equation (12). Taking the diflerence of the two equa-
tions,
as) sty = Sear = (71 = 72Xsf —s0) + £y

In Table 9 we regress the expectational error against the lagged expecta-
tional error as in equation (13). Such tests of serial correlation are a common
way of testing for emc;xency in the forward market.1? In the context of adaptive
expectations, *r}e can see clearly what the alternative hypothesis is. Positive
serial correlation is precisely the hypothesis that expectations are insufficiently
adaptive; investt.:rs could avoid making the same error repeatedly if they
revised their expectations all the way to the new spot rate. Negative serial

correlation is the hypothesis that expectations are gverly adaptive. Table 9
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shows that expectations are insuffictently adaptive in four of six data sets. In
two cases the tendency for investors to put too little weight on the current spot
rate is highly significant statistically. In one case {the Econormist twelve-month
data), investors put too much weight on the current spot rate relative to the
weight they place on the lagged expectation: these expectations appear to be

overly adaptive.20

In Tables 8 and 7 we found that investors expected the spot rate to regress
over the subsequent year toward a long-run equilibrium, at a rate of up to 24
per cent of the existing gap. In Tables 10 and 11 we test whether this regressive
expectation is borne out by-reality. An earlier version of this paper that
included data only up to March 1985 showed that the Economist data were
overly regressive. But now in both the Economist and MMS data the actual spét
rate on average regressed toward qui]ibrium to an even greater extent than
investors expected. In the case bf the Economist twelve-month data, the highly
significant coefficient is evidence that investors systematically underestimated'
the degree of regressivity. But the .results are dominated by the peaking of the
dollar in 1985. When the years 1976-78 are included (the Amex sample) there is
on average no tendency for the spot rate to regress toward equilibrium. Again,
the finding of systematic expectational errors is fairly robust, but the sign is

sensitive to the precise sample period.

V. THOUGHTS ON "THE" EXPECTED EXCHANGE RATE

Several considerations suggest that, if we were to reject the hypothesis of
rational expectations, the alternative hypothesis would have to be more com-
plex then the simple models considered above. In Table 3, we found that inves-
tors systematicaﬁy overpredicted the depreciation of the dollar in the 1980s,
and systematically underpredicted its depreciation in the late 1970s. Similarly,

there was a2 consistent tendency for investors to overestimate the speed of
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regression before 1985 and to underestimate it thereafter. Such findings sug-
gest the possibility that the nature of the forecasting bias changes over time.
Investors could even be rational, and yet make repeated rnistake; of the kind
detected here, if the true model of the spot process is evolving over time. There
is nothing in our results to suggest that it is easy to make money speculating in

the foreign exchange markets,

Another puzzle is that the gap between the forward discount and the
expected rate of depreciation in the survey data is so large, an average of 7
percent for the Economist six-month data. To explain the gap as a risk prem-
inum would require {a) that éssets denominated in other currencies were per-
ceived in the early 1980s as riskier than assets denominated in dollars, and (b)
that investors are highly risk-averse. An alternative is the possibility that
investors do not base their actions on a single homogeneous expectation such
as regressive expectations. ]f expectations are hetefogeneous. then the for-v
ward discount that is determined in market equilibrium could be a convex com-
bination of regressive expectations and other forecasts that are closer to static

expectations.

There is a third clue that expectations are more complex than a simple
homogeneous model, such as those estimated above. In our results, the three-
month survey data exhibit a lower speed of regression toward the long-run
equilibrium, even when annualized, than do the six-month data, and the six-
month survey data exhibit a lower speed of regression than do the twelve-
month data. This pattern in the term structure suggests the possibility that
those investors who think longer-term tend to be the ones who subscribe to
regressive expectations, and those who think shorter-term tend to be the ones

who subscribe to forecasts that are closer to static expectations.

In the present paper we have treated exchange rate expectations as homo-
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geneous, for the simple reason that almost all the Htera.ture, both theoretical
and empirical, does so. Our goal here has been to test standard propositions
about "the" expected rate of depreciation, whether it is non-zero, whether it is
inelastic, whether it is rational, ete. But in faf:t, each forecaster has his or her
own expectation. The Economist six-month survey, for example, reports a
high-low range around the median response; it averages 15.2 percent for tlixe
five exchange rates.2! Different models may be in use at one time. We believe

that heterogeneous expectations and their role in determining market dynam-

ics are important areas for future research.?2
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V1. CONCLUSIONS .
To summarize our findings:

{1) Exchange rate expectations are not static. The observed nonzeroc forward
discount numbers, far from being attributable to a positive risk premium on the
dollar during the recent period, have understated the degree of expected dollar

depreciation, which was consistently large and positive.

(2) Exchange rate expectations do not exhibit bandwagon eflects. We find that
the elasticity of the expected future spot rate with respect to the current spot
rate is in general significantly less than unity; expectations put positive weight
on the "other factor”, regardless of whether it is the lagged spot rate {distri-
buted lag expectations), lagged expected rate {adaptive expectations), or the
long-run equilibrium rate {regressive expectations). The general finding of ine-
lastic expectations is important because it implies that a current increase in
the spot exchange rate itself generates anticipations of a future decrease, as in
the overshooting model, which should work to moderate the extent of the origi-
nal increase. Speculation is stabilizing.

t

{3) While expected depreciation is 1§rge in magnitude, the actual spot exchange
rate process may be close to a random walk, giving rise to unconditional bias in
the survey forecast errors during the 1980s. In view of point {2), & spot process
that is close to a random walk would suggest that expectations are less elastic
than is rational. Indeed, we find statistically significant bias conditional on, for
example, lagged expectational errors. This is the same finding common in tests
of efficiency in the forward exchange market, but it now cannot be attributed to

& risk premium.

(4) The nature of the rejection of rational expectations strongly depends on the

sample period. During the 1981-85 period, the actual spot process did not
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behave according to investors' expectations that the currency would return
toward its previous equilibrium, but after February 1985, the dollar depreciated
at a rate in excess of what was expected. It seems likely that the actual spot

rate process is more complicated than any of the models tested here.

(5) While the present paper adopted the standard theoretical and empirical
framework that assumes homogeneous expectations, 2 number of clues suggest
that investigating heterogeneous investor expectations would be & useful ave-

nue for future research.
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VI DATA APPENDIX .

In this appendix we briefly describe the construction of the Economist,

Amex and MMS data sets more specifically.

The Economist Financial Review conducted 38 surveys begix';ning in June,
1981 through December, 1885. Surveys took place on a specific day on which
the foreign exchange markets were open. Respondents were asked for their
expectations of the value of the five major currencies against the dollar in three
months, six-months and twelve-months time. We carefully matched a given
day's survey results with that day’s actual spot and forward rates, and with

actual spot rates as close as possible to 80, 180, and 365 days into the future.

The Amex Bank Review has conducted 12 suﬁeys beginning in January,
1878, through July 1985. Respbndents were asked for their expectations of the
value of the same five currencies in six-months and twelve-months time. The
first three surveys, however, included only the pound and the mark. Future
‘foreign exchange market realizations were matched in a manner similar to that
used for the Economist data. Amex Bank surveys were conducted by mail, and
hence it was impossible to pick specific days which were used by all responden'ts
as reference points with any degree of certeinty. Since exchange rates vary so
much within a month, two methods of choosing the contemporaneous spot rate
{and the corresponding future rates respondents were predicting) were
employed. First, single days within the survey period were selected. Second, 30
da)'r averages of daily rates were constructed to encompass the entire survey
period. Since both methods yielded very similar quantitative results in the
body of the paper, the results from the latter Amex data set are reported only

in the NBER working paper versicn.

Between January, 1983 and October, 1984, MMS conducted 47 surveys {one

each two weeks) of the value of the dollar against the pound, mark, Swiss franc
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and yen in three-months time. Matching of actual spot and forward rates was

done in a manner similar to that used for the Economist survey.

Actual market spot and forward rates were taken from DRI They
represent the average of the morning bid and ask rates from New York. Lagged
exchange rates (used for extrapolative expectations) are market rates approxi-

mately 90 days before survey dates.

Specific dates on which the surveys were conducted, and for which actual
market data was obtained, are contained in Tables Al, A2 and A3 in Frankel and

Froot (1986a).
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Richard Levieh (1979) studies the predictions of the exchange rate
forecasting industry. For a recent study of exchange rate expectations

using the MMS survey data, see Kathryn Dominguez (1986).

A second limitation of the Amex survey is that it is conducted by mail,

and therefore precise dating of expectations was impossible. In response
to this problem we used several alternative methods of dating in all our
tests. It turns out that the dating methodrhad a negligible effect on the

results. See the data appendix for more detail.



3.

4,

e

6.

-31-

In tﬁe NBER working paper version of this paper, we also estimated
bootstrap standard errors, which are robust in small samples,_with respect
to estimators that are nonlinear in the residuals and with respect to a
variety of noonormal distributions. Thié technique has been omitted here
both because the resulting standard errors were not very differént from
those obtained using more conventional methods and because we now have

several times as many observations for the Economist data and we have

. added the MMS gsample to the analysis.

Froot and Prankel (1986) decompose the variance of the forward discount

into expected depreciation and the risk premium. In the present paper we

are concerned onl? with the first moments.
See Bradford Cormell (1977), Alam Stockman (1978) and Frankel (1980).

For all data sets but the Amex 6-month, prediction errors are overlapping
because the surveys are conducted more frequently than the foretast
interval. The st#ﬁdard errors reported for each currency in Table 3
reflect the-number of nonoverlapping intervals in each dats set, and are
thus upper bounds. Higher significance levels could be obtained by
combiring the results for different currencies. But the apparent low
standard errors when all observations are simply pooled are misleading, zas
there is a definite correlation of errors across currencies at any point
in time. The proper technique (SUR) for this problem is applied in the

following section.
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Calculations in Frankel (1985) undermine the hypothesis that the forward
discount rationally reflected the 1981-85 path of dollar appreciation,

even allowing for the possibility of a2 sudden large collapse in the dﬁllér.

It should be noted that a fourth explanation sometimes given fc% findings
of biasedness in the forward rate, after the existence of a risk premium,
8 fallure of rational expectations and the peso problem, is the convexity
term due to Jensen's Inequality (see Charles Engel (1984)). Note,
however, that 1f exchange rates are log—-normally distributed this

convexity term is bounded above by the unconditional variance of the spot

- rate and is therefore small. For a log—normally distributed random

variable, X = e¥, E[X] = [ e¥f(z)dx = exp[u + (1/2) 02] and
E[1/X] = S e Xf(x)dx = exply - (1/2) 02], where

2
£lx) = 1o exp[’(x-U) 1.
27 20 2

Thus, 1og(E[X]) - log(E[1/X]) = 02, which is weakly greater than the
conditional variance, provided that expectations are formed rationally.
During the 1980s, cz = (.02 for the spot rate, so that Jensen's
inequaliti is too small to expiain the magnitude of the forward rate
prediction errors, let alone the very large shift of about 18 percent

between the late 1970s and early 1980s in Table 3.

See, for example, the discussion in Michael Dooley and Jeffrey Shafer

(1983, pp. 47-8).




10.

11.

12,

13.

14.

-33-

Due to the small number of observations in the Amex data sets, OLS rather

than SUR was used to conserve degrees of freedom in this case.

We take the definition of extrapolative expectations from Mincer (1969).

13

See R. W. Parks (1967).

Because of irregular spacing, we could not correct the estimates for

serial correlation in the Amex data sets.

Adaptive expectations have been considered by Pentti Kouri (1976), as a

third alternative after static and rational expectations, as well as by

Dorubusch (1976a) and many other authors.

15. An implication of any measurement error in the survey data is that the

16.

lagged prediction errors, which appear as regressors in Table 5, are also
measured with error. Thus we would expect the point estimates bf Y,

to be biased towaéd zero. However, in view of the fact that the variance
of actual séot rate changes is about 10 times larger than the variance of

the survey expected depreciation {Froot and Frankel (1986), Table 3), we

suspect that this bias is small.

In the NBER working paper version, we reported for purposes of comparison
in all our tests results both using expectations measured by the forward

discount and using expectations measured by the survey data.




17.

is.

19.

20.

21.

22.

For the original application of method of moments estimation to exchange

tate data with overlapping observations, see Lars Hansen and Robert

Hodrick (1980).

In the NBER working paper version, we report in each table separate

regressions for the actual spot process.

See, for example, Dooley and Shafer (1983) and Hansen and Hodrick (1980).
Stephen Marris (1985, pp. 120-122) uses the Economist survey dataz and
argues that expectations are overly adaptive in that a forecasting
strategy of putting less weight on the contemporaneous spot rate would

ultimetely be vindicated in the long run.

Such heterogeneity across investors can still be compatible with a
well~defined market expectation. Mark Rubinstein (1974) gives conditionms

under which agents with different belliefs may be aggregated to form a

composite investor with preferences exhibiting rational expectations.

Possibilities in this line of research are contained in Roman Frydman and

Edmund Phelps (1983) and Frankel and Froot (1986b).




Table 1a
SURVEY EXPECTED DEPRECIATION
DF THE DOLLAR ABAINST FIVE CIRRENCIES

Data Set 1975-7% 1981 1982 1983 1984 1965
WS 3 Month 8.17 1.2

Econoaist 3 Month C895 1344 10,17 10,48 1.36
Economist & Nonth 8.90 10.31  10.42  11.66 .60
AMED & Nenth 1,20 T.6¢ 10,35 4.19 9.93 .15
Econceist {2 Month 7.17 8.33 7.65  10.02 LN
ANEX 12 Month -0.20 3.87 6.8b .18 8.47 3.0

Note : WMS data is the avera?e of four currencies (the poend, mark, Swiss franc, and
yen) and does not include the French franc.

Table .1b
FORWARD DISCOUNT
OF THE DOLLAR AGRINST FIVE CURRENCIES

Tise Sample 1976-7% 1981 1982 1983 1984 1985
RS 3 Month 3.05 4.8

Econoaist 3 Month 3.9 .9 1.47 320 .22
Econonist 6 Honth LI 3.01 1,10 3.2 0.84
ANEY & Month 1.04 44 S.21 1.48 4,39 0.02
Econoaist 12 Konth 3.40 3.02 1.2 3.29 0.89
ANEY 12 Konth 0.93 3.7 4,45 1,28 §.45 0.31

Notes: Forward discounts were recorded at the time each survey was tonducted. See
the data appendix for more detail. MMS data is the average of four currencies
{the pound, mark, Swiss franc, and yen) and does not include the Freach franc,



Table 2
VARIOUS MEASURES OF EXPECTED DEPRECIATION
OVER THE FOLLOWING MDNTHS
{1 percent per annus}

SURVEY DATA FORWARD ACTUAL
DISCOUNT CHANGE
FORECAST SURVEY DATES ¥ Els(t+D)1- fiti-sith i N sit+l)-
RORIZON SOURCE sit) H git)
i REEX H i
TOTAL s 10/784-2/85 ' 247 1,03 H 247 20,20
114 H &2 -12.84 i &2 14,96
W6 i §2 2.84 NA ' 62 2.3
& i 61 8,084 i &1 20.19
J4 E 82 S.40 ; 62 24,39
2 WEEKS | !
TOTAL ¥NS 1/83-10/84 H 187 4,22 H 187 -12.15
U _ H 4 -2.64 : i 14,15
WE - 4 &7 5.09 - A ! &7 -15.19
SN H A5 b.10 i 45 -13.84
Jh E 47 8.40 E 47 -4,23
i MONTH ' H
TOTAL s 10/84-2/85 i 176 =2,83 $.23 H 176 20.82
UK i 1] ~ti.94 -3, 6% i 4 10.13
%6 ! 4 -2.2b 3.3 H & 23.82
S . 1 ) 0.47 L. ! H 21.74
Jh i 44 2.9 1.68 E 7] 27.55
3 MNONTHS ! ;
TATAL (1 1/83-10/84 H 187 7.78 3.75 ! 187 -10.77
UK H 47 §.4b 0.37 i & =13.92
&6 } 47 8. .88 H 4 -13.48
S i 4 9.52 b, 13 i 17 -{2.61
JA E 7 B.48 3.83 5 Ly} -2.90
TOTAL ECONOMIST &/BL-12/85 1 1940 9.13 2,20 i 195 =0, 84
o 4 H 38 3.68 =0.06 } k] =643
R H 38 5.17 -3.94 ! 38 ~4,43
NG ! 38 11.84 4,36 : 38 0.81
S i 39 12,30 5.99 ' 38 1.9
Jk- E 38 12.66 4.47 E 38 £,37
] 13
& MONTHS 1 i
TOTAL ECONOMIST &4/81-12/85 ' 190 2.3 2.22 H 180 -2.18
114 ! 38 4,19 0.14 H 3 -6, 7%
FR i 38 1,89 =403 i 36 -6.29
NG i .| 12.39 4,35 H 3 -0, %4
St H ki) 12.27 s.89 H 35 -0.38
JA i 38 12.94 4,74 E _ 36 3.52
TOTAL . AMEX  1/74-B/B% i H! 3.87 2.07 ! 51 5.98
Early Periad 117612178 ] 26 1.20 1.06 : 26 8.98
tater Period &/B1-8/835 E 2% b.bé 3.12 E Y] 2.86
12 MORTHS ' :
TOTAL ECONOMIST 4/81-12/85 i 195 1.77 2.31 H 158 -5.42
e | 38 3.38 0.36 H 3 ~%.47
FR ! 38 3.72 =343 ! h§| -11.20
¥6 H 38 10.47 4,24 H f] =560
EL i I8 10.41 5.91 ! k4] -3.79
JA E 38 §0.87 k.58 5 b S| -0,08
T0TAL AMEX  1/76-B/B% i S5 2,81 1.88 ! 4 2.02
Early Period 1/76-12/78 ' 24 ~0.20 0.93 | 26 B.85
Later Period &/B1-B/85 E .88 : 20 -6, 84




Table 3
UNCONBITIONAL BIAS IK PREDICTIONS
OF FUTURE EICHANGE RATES

(X percent per annual

SURVEY ERRAOR FORWARD DISCOUNT
ERROR
Els(t+i) )~
sit+h) fity-s{t+])
FORECAST SURVEY  DATES N Mean 5D of t stat Mean 5D of t stat
HORIZON SOURCE Hean Kean

EX

TOTAL MRS 10/84-2/84 247 -19.17 8.7 -2.%
1] 4 &2 -27.79 19.87 -4 KA
W6 42 -{8,52 15.25 -1.2i
SK &1 -11.27 17,82 -0.83
JA &2 -18.9%9 10,97 -1.73
Z NEEKS

T0TAL ms 1/83-10/84 187 18.57 3.37 .92
UK 47 1.4 &0 2.0 NA
NG . 47 20,28 7.43 2.1
SN : 44 19.95 5.42 .11
J& 47 12,63 6.25 2,02

1 MONTH

TBTAL ans 10/84-2/85 178 3.4 5,78 -3.45 -1%9.59 831 =310
U, 1] 22,04 15,19 -1.43 -13.98 13268 -1.09
W6 . 44 =26.08  12.62 ~2.07 20,59 11,77 -LN
| . & 21,09 13.96 -1.81 -1g,02 112 -3
Jh 1 =24,57  12.21  -2.00 -25.88 12.10 -2,14

T MONTHS _

TOTAL wis 1/63-10/64 187 18.53 2.88 b.44 14,51 ‘2,86 5.08
] 4 : 47 1E.38 5.91 3.1 14,29 5.50 2.42
¥6 47 22,01 5.89 3L.73 §B. 35 5.99 3.07
Su 46 2.3 5.20 4,28 18. 14 4,83 3.86
Ja A7 11.58 5.14 2.25 6,75 4,97 1,38

TOTAL ECONONIST &/B1-12/85 190 9.97 2.92 3.42 3,04 2.73 1.12
ux 38 19.09 bbb 1.51 5,37 5.88 1,08
FR 38 9.4t b.47 1.48 0.49 5.98 0.08
¥5 8 11.02 6.45 i.7l 3.5 5.90 .60
S 38 10.83 7.63 1.54 4,52 573 0,47
Jh » B.29 5.95 1.9 0.30 5.84 0.05

b NONTHS

TOTAL ECONOMIST 5/81-12/83 180 11.70 3.20 3.6b 4,48 3.03 1.48
ux k1) 11.32 8.7% 1.69 .10 5.2 1.i4
FR 3 15,08 7.13 1,55 2,15 6.7 0.32
6 38 13,58 7.18 1.89 5,36 8,53 0,81
Sit 3b 12.77 7.80 1.64 537 1.37 0.88
JA 36 9.76 5.84 1.43 1.4! 8,45 0.21

TOTAL AMEX  1/76-B/BS :1 | -2.11 2.82 -0.7% -3.92 2,81 =150
Early Period 8/76-12/78 26 ~7.78 2.9 -2.83 -7.93 2,80  =2.8}
Later Perind 4/81-B/B5 il .79 L.59 .83 0.24 4,30 0.04

12 KONTHS

TOTAL ECONOMIST &6/B1-12/83 155 14,83 .23 b.54 9.00 .39 .7
il 31 13.73 4,96 2.77 10.39 5.46 1.90
FR 3 15.10 4,75 3.18 7.20 5.09 1.4
N5 k3 17.02 §.72 3.80 10,02 4.82 2.08
SN U 16.73 5.06 53 12.13 5.41 2.24
I 3 11.59 5.02 2.3 5.13 5.27 .98
TOTAL . ANEX  1/7h-B/8A 4h 8.1 2.592 0.28 0.04 2.30 0.62
Early Period &/76-12/78 26 ~3,05 .20 -2.83 -7.92 3.5 2.3
Later Period b/81-8/84 iy 13.40 1.07  12.52 16,38 1.10 §.42

Note: De?reeg of freedom used to estimate standard deviation (SD) of the aean are the number of
apring observations for each data setl.

fibnover




TABLE &
EXTRAPDLATIVE EXPECTATIONS -
Independent variable: s(t-1} - si{t)

SUR Regressions{a) of Survey Expected Depreciation: € [s(t+1)] = stt) = a + g{ s(t-1) = sit) )

ceefficient (¢}
Data Set Dates ] Di(b) F t:g=0 R
Eronoaist 3 Nonth &/81-12/85 0. 0415 1.B1 iB4 1.8 ¢ 0.30
{0,02101
with AR{1} Correction 0. 0483 ire 2,37 = 0.38
(0.01%9)
#45 3 Month 1763-10/84 =0,03%1 1,49 1 2,32 % 6.37
{0.0148) :
with AR{1} Correction ) -0, 0298 e -k 0.19
{0.9203)
Econpaist & Woath 6781=-12/B5 $.0730 1.3 184 3.25 1 0.
(0.0225)
with AR(1} Correction '0,0832 . b 3.55 32 0.58
: {0.0235)
fapx & Honth 1/76-8/85 0.29%4 1.B9 15 5,15 w4 O,81
{0.0487)
Ecoromist 12 ¥onth 6/B1-12/85 0.2018 1,47 184 5,82 #1¢ 0.B4
(0.0294}
with AR{}} Correction 9. 2638 179 10,51 sz 0,92
{0.0251)
fapx 12 Nonth 1/76-8185 0.37% 0.94 45 4,76 582 $.72
{0.0798)

Notes: Asyaptotic standard errors are in parentheses.
{a] Amex & ang 12 Wonth regressions use DLS due to the small nusber of degrees of freedon.
(b} The DW statistic is the average of the equation by equation OLS Durbin-Watsen statistics for each data set.
{c) A1l equations are estimated allowing each turrency its own constant tera. To conserve space,
estimates of these constant terss are ositied here, but are reported in Frankel ang Froat {1986},
8, &, #8¢ represent significance at the 10 percent, 5 percent and | percent levels, respectively.




TABLE 5
ADAPTIVE EXPECTATIDRS -
Independent variables E{t-1}sit}l - sit)

SUR Regressionsia) of Survey Experied Depreciation: E [s{i+1}] - s(t) = a ¢ ‘1( Elf-1) Is{t)] - sit) )

toetficient (c)
Data Set Dates X, DR()  DF ke Y=o e
Econoaist 3 Month 6/81-12/8% 0. 0758 2,01 169 3.93 &3¢ 0,83
€0.0203) -
with AR{1) Correction 0.0718 164 3.97 a1 0.4
(0,0180)
M5 3 Nonth 1/83-10/84 =0.0212 1.2 159 -1.26 0.15%
40.0215) :
with AR(1)} Correction . =0, 0234 158 -1,00 0.10
(6.0234)
Economist & Month &/81-12/85 $.0518 1.12 159 3.20 #4053
{0.0161)
with AR¢1) Correction ' 0.0783 . 154 L.R2 ¢ 0,58
- {0,0223} '
Asex b Month 1776-8/85 ~0.0702 2,10 15 -0.58 0.04
10,1200)
Econoaist 12 Nonth bIBI-12/85 -0,00983 1.10 133 -0.38 0.02
: {0.0244}
with AR(1) Correctipn 0.18%0 134 .28 3¢ 0.B1
{0.0304)
Anex 12 Month 1/76-8/85 0,094 $.55 k3| 4,47 182 0,49
{0,0212)

Notes: Asyaptotic standard errors are in parentheses.
(a} Aaex & and 12 Month regressions use OLS due to the small nusber of degrees of freedom.
{b) The D¥ statistic is the average of the equation by equation OLS Durbin-Matson statistics for each data set.
(c) All equations are estisated allowing each currency its own constant tera. To conserve space,
estimates of these constant terms are omitted here, but are reported in Frankel and Froot {1936,
&, #, ##% represent significance at the 10 percent, 5 percent and t percent levels, respectively.




‘TRBLE &
REGRESSIVE EXPECTATIDNS ]
Independent variablet s{t)

Long Run Equilibrium Constant

SUR Regressions{a} of Survey Expected Depreciation: E [s(t+1i]) - s{t) = a - ®sit)

copfdicient ()
Data Set . Dates ) DR{b) 0¥ t: €0 g
Eronorist 3 Month b/81-12/85 0.0359 1.5 184 3.55 3 0.58
10,0101} ’
with AR(1) Correction 0.022% 179 2,07 0,32
{0.0109)
AMS 3 Month 1/83-10/84 0.0100 1,48 179 0.83 0.04
{0,0159)
with AR{f} Correction 6. 005¢ 174 0.31 0.01
{0.0195)
Economist & Month §/B1-12/85 0.0764 .14 18 6008 0,80
{00127 .
with AR(1) Correction T 0.0807 I 4T3 0Tt
{0,0170)
Anex 6 Nonth 1/76+8/85 “0.0000 1,19 15 0.0 0.00
{0,0235)
Economist 12 Month b/B1-12/85 0.1724 1,03 184 10,70 #3093
(0,0161)
with AR(I) Correction ' 0.1905 i 16.48 s8¢ 9,92
{0, 0182}
Amex 12 Month 1176-8/8% 0.07%1 0.48 45 2.29 13 0.37
{0, 0348)

Notes: Asysptotic standard errors are in parentheses,
{a) Amex & and 12 Month regressions use OLS due to the small number of degrees of freesdos.
(b] The D¥ statistic is the average of the equation by equation OLS Durbin-Natson statistics for each data set.
(c) A1l equations are estimated allowing each currency its own constant tera. To conserve space,
estimates of these constant teras are omitted here, but are reported in Frankel and Froot (1984},
%, #, #1 represent significance at the 10 pertent, 5 percent and ! percent levels, respectively.




TRBLE 7
REGRESSIVE EXPECTATIONS Il
Independent variable: T(t) - sit)
Long Run Equilibrium PPP

SUR Regressions{a) of Survey Expected Depreciation: € [s{t+1}] = s(t) = 3 + 6{ §{t) - sit}’}

toefficient (c}
Data Set Dates P D (b) IF tie=t R
Econoaist 3 Nonth &/81-12/85 0.0223 1.66 184 §.78 # 0.28
{0, 0126)
witn AR(1} Correction 0.011% i 0.89 0.08
{0.0133}
MKS 3 Honth 1/83-10/84 «0,0207 1.53 179 -4 © 0,18
{0.0145)
with AR(1) Correction - 0.00B3 in 0.43 0.02
(0.0198)
Econosist & Month &/B1-12/8% 0. 0600 1,32 {84 3.77 s 0,81
{0.0159)
with AR(1) Correction 0.0782 179 3.54 ¢ (.58
{(0.9221)
Aney & Month - 4/76-8785 9.0315 1.22 45 1.5 0.2t
(0. 0202}
Economist 12 Month &/81-12/85 0.1750 1.25 184 B.i0 ¥ (,B8
{0.0218)
with AR(}) Correction - 0.2449 1m 8,93 882 0.9
{0, 0274)
Amex 12 Nonth 1/76-8/85 0.12346 0.60 45 48 #5059
{0, 0274)

Notes: Asysptotic standard errors are in parentheses,
{a) Aaex & and 12 Month regressions use OLS due to the small nuaber of degrees of freedon.
(b} The DW statistic is the average of the equation by equation OLS Durbin-Watson statistics for each data set.
{c} All equations are estimated zllowing each currency itc own consiant ters. To conserve space,
estimates of these constant terss are omitted here, but are reported in Frankel and Froot (1984).
§, #3, #5¢ represent significance at the 10 percent, § percent and 1 percent levels, respectively.




TABLE 8
RATIDNALITY OF EXTRAPDLATIVE EXPECTATIDNS
Independent variable: s{t-1) = sit)

OLS Regressions of Survey Prediction Errors: £ [s(ts1)] - st+]) = a + g { s(t-1) - sit))

coefficiant F test

Data Set Dates 9 O t:oged R as0,9%0

Econoaist 3 Nonth £/81-12/83 - 0.2501 184 1.48 0.1% 1.06
10. 1695

K5 3 Month 1/83-10/8¢ =0, 2084 182 -1.38 0.18 b.b7 3%
{0. 1508} '

Econosist & Menth &/B1-12/8% 0.244% 174 0.84 0.07 0;97
10.2304)

fnzx b Month 1/76-8/85 1.0987 15 291 s8¢ 0,48 - 132 44
(0.3778}

‘Eronoaist 12 Month &/81-12/85 =045 49 =294 # 0.42 B.O9 &t
10.25464)

Asex 12 Month 1/76-8/85 2.0001 40 .45 s 077 S.2B ¥
{0. 3847

Notes: A1) equations are estisated allwing gach currency its own constant ters, To conserve space,
sstinates of the constants are omitted here, but are reported in Frankel and Frost {1984).
Wethod of Moments standard errors are in parentheses.
&, #4, ¥4 represent significance at the 10 percent, 5 percent and 1 percent levels, respectively.




TABLE 9
RATIONALITY OF ADAPTIVE EYPECTATIONS
independent variable: E{t-1)[s(t)] - sit)

O0LS Regressions of Survay Prediction Errors: E Is{t+D)] - stt#l) = a ¢ Y{ E(t-1) Ustt)) - sit) )}

coefficient F test
Data Set Dates { BF £ Ye0 R® a0, Y=0
Econosist 3 Month 6/81-12/8% . 0.4296 149 .00 s 0.51 3.39 #14
{0, 13%%)
ANS 3 Nonth 1/83-10/84 -0, 2289 158 -1.04 [ ) 6.35 ¥
i0.2207}
Econcaist & Month T 4/B1-12/8% 0.0884 149 0.36 8.01 1.52
{0.2488)
Angx b Nonth 1/76-8/85 655N 19 1.07 0.11 1.04
(0, 5227)
" Econoaist 12 Month §/91-12/85 =1.0310 109 -4.20 s8¢ 0,66 10,27 #3
{0. 2452}
aaey 12 Nonth 1/76-8/85 0.5972 p] 5.93 #%  0.80 8,05 #3%
{0, 1007}

Notes: Al} eguations are estimated allwing each currency its own constant tera. To conserve space,
pstinates of these constants are eaitted here, but are reported in Frankel and Froot (1986).
Method of Moments standard errors are in parentheses,

&, #¥, #&8 represent significance at the 10 percent, 5 percent and | percent levels, respettively,




TABLE 10
RATIONALITY OF REBRESSIVE EXPECTATIONS 1
Independent variables sit)
Long Run Equilibrius Constant

OLS Regressions of Survey Prediction Errorss E [s(t+#1)] - sit+l) = 2 - &s(t)

coefficient . F test
Data Set Dates -8 IF tre=l R asp, o0
Economist 3 Month 4/81-12/B5 ~0, 16Bb 1Bt -1.80 0.27 1.2
) {0.0934)
1S 3 Month 1/83-10/84 =0, 0288 B2 =0,20 .00 5,02 tH
{0. 1431}
Economist & Month 4/81-12/83 =0, 3582 174 -1.85 ¢ 0.28 1.40
(0.1936)
- fsex & Henth 1/76-B/85 =0, 0427 5 0.2 0.01 2.07 ¢
{0.1647)
Econoaist 12 Honth 4/B1-12/85 ~0.4167 e -2.20 ##¢ 0,35 654 #4
{0. 1895}
fazz 12 Month 1/76-B/85 0.1904 40 0,565 0.05 0.3
£0.291%)

Notes: A1l equations are estimated allwing each curreacy its own constant ters. To conserve space,
estimates of the constants are omitted here, bul are reported in Franke! and Froot {(1984).
Nethod of Moeents standard errors are in parentheses.
3, ¥4, #44 represent significance at the 10 percent, 5 percent and | percent levels, respectively.



RAYIONALITY OF REGRESSIVE EXPECTATIONS II
Independent variable: sit) - sit)
Long Run Equilibriua PPP

THBLE 1!

DLS Regressions of Survey Preditien Errorss E [s{t+1)3 ~ s(t4l) = 3 + ©( slt} - sit} )

coefiicient - F test
Data Set Dates & ¥ t18s0 R a=0,9s0
Econoaist 3 onth 4/81-12/85 =0,2041 1B4 -1.B6 ¥ 0.28 1.2
' 10,1100}
KNS 3 Month ‘ 1/83-10/84 =0,0335 182 -~0.24 0,01 5,01 s34
10,1387}
Econoaist & Honth b/B1-12/85 =0, 4344 174 -1.93 ¢ 0.29 1.4%
10,2252}
paex b Month }/76-B7BS 0,043 45 8.21 0.00 1.78
16,1643}
Erononist 12 Month &4/Bi-12/85 -0, 50%0 149 -2.29 ## 0.37 5.48 w53
{0.2227)
fmex 12 Wonth 1/76-8/85 0.4278 4 1,77 % 0.26 0.85
{0.2412)

Notes: Al] equations are estimated allwing each currency its own constant tera. To conserve space,
sstinates of the constants are omitted hers, but are reported in Frankel and Freot (1984).

¥ethod of Moments standard errors are in parentheses,

3, &%, ##4 represent significance at the 10 percent, 5 percent and 1 percent levels, respectively.
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ABSTRACT

Survey data on exchange rate expectations are used to divide
the forward discount into expected depreciation and a risk prem-
fum. Our starting point i3 the common test of whether the forward
discount is an unbiased predictor of future changes in the spot
rate. We use the surveys to decompose the bias into a portion
attributable to the risk premium and a portion attributable to sys-
tematic prediction errors. The survey data suggest that our
findings of both unconditional and conditional bias are
overwhelmingly due to systematic expectational errors. Regres-
sions of future changes in the spot rate against the forward
discount do not yield insights into the sign, size or variability of
the risk premium as is usually thought. We test directly the
hypothesis of perfect substitutability, and find support for it in
that changes in the forward discount reflect, one for one, changes
in expected depreciation. The "random-walk"” view that expected
depreciation is zero is thus rejected; expected depreciation is
even significantly more variable than the risk premium. In fact,
investors would do better if they always reduced f{ractionally the
magnitude of expected depreciation. This is the same result that
Bilson and many others have found with forward market data, but
now it cannot be attributed to a risk premium.
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1. INTRODUCTION

The forward exchange rate is surely the jack-of-all-trades of internat'.ional
financial economics. Whenever researchers need a variable representing inves-
tor expectations of future spot rates, the forward rate Is the first to come to
mind. On the other hand, the forward rate is frequently used to measure the

empirically elusive foreign exchange risk premium.

Thesze two conflicting roles are most evident in the large literature testing
whether the forward discount is an unbiased predictor of the future change in

the spot exchange rate.! Most of the studies that test the unbiasedness

We would like to thank Barbara Bruer, John Calverley, Louise Cordova, Kathryn Dominguez,
Laura Knoy, Stephen Marris, and Phil Young for help in obtaining data, the National Science
Foundation (under grant no. SES-8218300), the Institute for Business and Economic
Research at U, C. Berkeley, and the Alfred P. Sloan Foundation’s doctoral dissertation pro-
gram for research support. . .

1 See, for example, Tryon (1979), Levich {1979), Bilson {1881a), Longworth (1881), Hsieh
(1982), Fama (1984), Huang (1984}, Park (1984) and Hedrick and Srivastava (1988). For 2
Tecent survey of the literature and additional citations see Boothe and Longworth (1988).
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hypothesis reject it, and they generally agree on the direction of bias. They
tend to disagree, however, about whether th;e bias is evidence of a risk premium
or of a violation of rational expectations. For example, studies by Longworth
(1981) and Bilson (1981a) assume that investors are risk neutral, so th‘at the
systematic component of exchange rate changes in excess of the forward
discount is interpreted as evidence of a failure of rational expectations. On the
other hand, Hsieh (1984) and others attribute the same systematic component
to a time-varying risk premium that separates the forward discount from

expected depreciation.

Investigations by Fama (1984) and Hodrick and Srivastava (1986) have
recentily gone a step further, interpreting the bia?; not only as evidence of a risk
premium, but also as evidence that the variance of the risk premium is greater
than the variance of expected depreciation. Bilson (1985) terms this view a new
"empirical paradigm"” because it incorporates an essentially static model of
exchange rate expectations; changes in the forward discount predominantly
reflect changes in the risk premium rather than changes in expected deprecia-
tion. Often cited in Supp.crt,of this view is the work of Meese and Rogc;ﬂ (1'983).

who find that a random walk model consistently forecasts future spot rates

better than alternative models, including the forward rate.

But one cannot address without additional information the basic issues of
whether systematic expectational errors or the risk premium are alone respon-
sible for the repeatedly biased forecasts of ‘the forward discount {(or whether it
is some combination of the two), let alone whether the risk premium is the more
variable. In this paper we use survey data on exchange rate expectations in an
attempt to help rééolve these issues. The surveys allow us to divide the forward
discount into its two components - expected depreciation and the risk premium

== and to inspect separately the properties of each.
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Though surveys of agents' expectations may in general be less desirable
than data on agents’ actual market behavi'or. in this case the merit of a new
data source lies in what could not have been learned without it. One particular
advantage of the surveys is that our estimates of the risk premium do not
depend on the validity of any specific model or assumptions. As a consequence
we can test directly whether imﬁastors regard assets denominated in different
currencies as perfect substitutes. A second advantage is that, with the issue of
the risk premium’'s existence tentatively resolved, we can then test the
hypothesis of forward rate unbiasedness and come away with a clear iz.;xea of
how much bias is due to the risk premium and how much is due to systematic
expectational errors. A third advantage of the surveys (which cover a variety of
sample periods and forecast horizons) is that they can help us gain a sense for
the accuracy-'of earlier interpretations given to the lax-'ge number of rejections “

of the forward fat.e unbiasedness hypothesis.

The paper is organized as follows. Section 2 presents some simple descrip-
tive statistics from the survey data. Here the focus is primarily on the uncondi-
tional prediction errors of the forward discount. In section 3, we perfor;xx the
standard (conditipnai) test of forward discount unbiasedness, and use the sur-
veys to decompose the bias into a2 component attributable to systematic expec-
tational errors and a component attributable to the risk premium. In section 4,
we test formally whethelr the risk premium component is significantly different
from zero, that is, we test whether investors regard positions in different
currencies as perfect substitutes. In section 5, we test formally whether the
expectational errors component is significantly different from zex;o. that is, we
ask if the survey expectations are rational in the sense that they are formed in
a manner consistent with the true spot process. Finally, section 8 offers our

conclusions.




2. DESCRIPTIVE STATISTICS

Our exchange rate expectations data come from three independent sur-
veys. The Economist Financial Report has conducted telephone interviews with
currency traders or currency-room economists at 14 leading international
banks one day each six weeks beginning in June, 1981. Respondents were asked
for their expectations of the value of the pound, French franc, mark, Swiss
franc and yen against the dollar in three, six and twelve months time. The
second survey source is Money Market Services (MMS), Inc. Every two weeks
from January 1983 to October 1984, MMS spoke by phone with an average of 30
currency traders and obtained their expectations of the- value of the pound,
mark, Swiss franc and yen at iwo-week and three-month horizons. From
October 1884 to February 1988, MMS conducted its survey every week, asking
for .éxpecta.tions one week and one month into the future. Finally, the Amex
Bank Review (Amex) surveys 250-300 ceni‘.ral and private bankers, corporate.
treasurers and finance directors, and economists, and records their expecta-
tions of the value of the pound, French franc, mark, Swiss franc and yen against
the dollar at six-month and twelve-month horizons. Most of these data sets are

discussed and analyzed in Frankel and Proot (1988).2

Naturally, the benefits that survey data provide do not come without possi-
ble costs. The presence of heterogeneous beliefs, the use of the median
response, the lack of perfect synchronization, and the sheer volatility of the
spol rate all make some measurement error in the survey data likely. We
present results in section 4 which suggest that the surveys are surprisingly
"clean". Nevertheless, we try to use only tests that arerrubust te the presence

of random measurement error in the data.3 In order to take advantage of the

® Another paper that uses the MMS data is Dominguez {1088).

3 Also, we experimented with different approximations to the precize survey and forscast
dates of the Amex survey, which was conducted by mail over 2 period of up to a month. We
used the average of the 30 days during the survey and also the mid-point of the survey
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complete sample of data available {(the three sources contain over 1,450 data
points), we used every available opportunity to raise our sample sizes. The data
are frequently pooled across currencies. We also employ a method-of-moments
estimation procedure which allows us to pool the data across different forecast

horizons.

2.1. Decomposition of Forward Rate Prediction Errors

Perhaps the siﬁplest test for whether the forward discount is an unbiased
predictor of the future spot rate is a test for unconditional bias in the forward
rate prediction errors. These errors are defined as:

fd:-—As“_. = (fd:k- Asg) "'(As;u"bsu-k) =77’:+7f:+k' (1)
where fd: is'the forward discount (the log of the current forward rate minus
the log of the current spot rate, f: - s‘) expressed in terms of domestic
currency, and As, . and As: + are the log of the actual gpot rate and expeéted
spot rate k& periods into the future, i'espectively, minus the log of the current
spot rate. Equation (1) thus deflnes the risk premium, ’rp: as the expected
excess return required by investors in order to hold an open position in domes-
tic currency at time ¢ and T?:u as the expectational prediction error, realized
at time {+k. If exchange rate risk is completely diversifiable and .ex'pectations
are rational, then the forward rate prediction errors should be purely random.4

Table 1 reports the time series means of the forward discount, ex post

change in the spot rate and the forward rate prediction error in equation (1),

sampled on the days when surveys were conducted.® In several cases

period to construct reference sets. Hoth gave very similar results, so that only results from
the former sample were reported.

4 Under perfect substitutability, expected real, and not nominal, profits should be zero;
the two differ because of Jensen's inequality (see Engel, 1584). We do not incorporate the
eflects of purchasing power uncertainty in this paper, however. One might expect the
effects are small: the standard deviation of unexpected changes in the inflation rate are
about 1/30 the size of the standard deviation in exchange rate chanpes (Litterman, 1580,
and the results in Tables 1, 2 and 3 of this paper).

& DRI provided us with daily forward and spot exchange rates, computed as the average




(particlularly the MMS three-month data and the Economist and Amex twelve-
month data), we can reject the hypothesis that the forward rate is on average
an unbiased predictor of the future spot rate.® The signs of the errcrs are
clearly sensitive to the sample period; they are negative in the later MMS sam-
ple (October 1984 to February 1986) and in the Amex data from the late 1970s,
but positive in between. Columns (1) and (2) of Table 1 show that such variation
iIs due to substantial swings in average ex post exchange rate changes from

sample period to sample period and not due to swings in the forward discount.

Without any additional’information on investors’ expécted future spot rate,
s: +x: ONe would have to assume that the risk premium is zero in order to inter-
pret équatien (1) as = test of market efficiency. Alternatively, if one wishes to
- interpret equation (1) as a test for the existence of a risk premium, the
assumption of rational expectations is required (ie., 17: +¢ is serially uncorre-
| lated and £ ("7:+.| m:) = 0). Thus the results in Table 1 could be interpreted
as evidence that investors made repeated forecasting mistakes during some the
survey periods, or that investors distinguished between assets denominated in
different currencies on the basis of risk (or else some combination of these
polar points of view).7
In Table 2 we use the survey data to separate the forward ra.te prediction
errors intc the two terms on the right-hand-side of equation (1): the risk prem-

iumn and expectational errors. Here the conclusions concerning the nature of

of the noon-time bid and ask rates.

¢ The Economist surveys, MHUS one-month and three-month surveys, and the Amex
twelve-month survey were conducted at intervals shorter than their respective forscast
horizons. This implies that the predietion errors of the forward discount and of the survey
expectations, in Tables 1 and 2 respectively, are not all independent, even under the hy-
pothesis of rational expectations. For the Economist and MYS data, the standard deviation
of the means were estimated by a method of moments procedure discussed in the following
section. For the Amex data, confidence intervals were constructed assuming that the
number of degrees of freedom is equal to the number of nonoverlapping observations. This
latter procedure implies that t-tests reported for the Amex data are lower hounds.

7 Other potential candidates for the non-zers forward rate prediction errors are the
Peso problem (but see Frankel, 1985) and the convexity term due to Jensen's inequality
(see MeCulloch, 1975).
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each are surprisingly very different from those one might draw from Table 1.
Note first that the means of the risk premia measured in the survey data are
large, averaging around an annualized 5 percen.t and reaching 9 percent in
several cases. Second, and perhaps even more striking, is that nothing about
the sign or magnitude of the risk premia as measured by the survey data can be"
inferred from the forward discount prediction errors. In fact, the premia in
ecolumn (1) of 'I‘ablg 2 are consistently opposite in sign from the forward rate
errors.8 Third, the risk premia often appear negatively ccrrelatéd with the for-

ward rate errors, not just across data sets, but within each data set as well. The

first column of Table 3 reports correlation coefficients for each currency and
survey: 21 of the 33 estimates are less than zero. Charts 1 through 4 show the
time series of the.forward rate errors and the survey risk premia for each of
the data sets.? The graphs show how. badly the forward prediction errors have

measured.the premia in the past.

Such a poor correspondence might suggest instead that the survey data
are very imprecise measures of investors’ true expectations. But, in the first
Place, it should be noted that findings of unconditional bias are unaflected by
any measurement error in the survey data, provided the error is random. In
the second place, we offer an explicit estimate of the magnitude of this meas-
urement error component in section 4. In the third place, the degree to which
the surveys qualitatively corroborate one another is striking. For example, the
risk premium in the Economist data (Chart 1) is negative during the entire sam-
ple, except for a short period from late 1984 until mid-1985. The MMS three-

month sample (Chart 2) reports that the risk premium did not become positive

8 This iz the same as saying that the survey prediction errors are of the same sign as the
lorward rate errors, but have congistently larger absolute valyes,

® Graphs 1-3 use moving averages across all of the currencies included in the designated
survey. The Amex data in Graph 4 were straightforward averages over the five currencies
surveyed.




until the last quarter of 1984, while MMS one-month data (Chart 3) shows the
risk premium then remained positive until mid-1985. That the surveys agree on
the nature and timing of major swings in the risk premium is some evidence
that the particularities of each group of respondents do not influence the

results.

We can test whether the data statistically reject the hypothesis that the
forward rate prediction errors are attributable entirely to the risk premia
. alone, assuming that the surveys measure expectations accurately. The tests
for the signiﬂcgnce of the mean survey prediction error;v. in Table 2 show that
27 out of 44 samples reject the hypothesis that the survey expectations are
unbiased predictors of the future spot rate. Thisis a rejection of the equivalent
hypothesis that the systen_:atic component of the forward rate prediction errors
is attributable entirely to the risk premium. We can also test whether the data
statistically reject the hypothesis that the errors are attributable entirely to
the existence of expectational errors alone. Table 2 shows that we can easily
reject this hypothesis because the risk premium is significantly different from

zero and of the opposite sign.

The survey data therefore suggest that an interpretation of the uncondi-
tional bias in the forwarﬁ rate prediction errors that imposes rational expecta-
tions would lead to consistently incorrect conclusions with respect to the sign
- of the risk premium and the nature of its time-series variation. At the opposite
extreme, the systematic portion of the errors could be interpreted solely as evi-
dence of a failure of rational expectations, but then the forward rate errors
would offer ﬁo evidence at all regarding the substantial risk premia recorded in
the survey data. ‘Either interpretation, or any combination of the two, would
miss the fact that the survey risk premium is in the direction opposite to that

indicated by the results in Table 1, that Is, expectational errors are more than
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100 percent responsible for the unconditional bias in the forward rate errors.

2.2. Variability of the Risk Premium and Exchange Rate Expectations

Survey data can also be used to shed some light on the relative volatility of
exﬁected depreciation and the risk premium. The recent papers by Fama
(1984) and Hodrick and Srivastava (1588) 'argue that the risk premium is more
variable than expected depreciation or, in the extreme formulation of Bilson
(1985), that expected depreciation is zero. Such “"random walk” e;cpectations
are not reflected in the survey data. Instead, all the data sets indicate that
expected depreciation exhibits considerable variation, often- more in fact than
does the implied risk i:remium. Table 3 shows the variance of expected changes
in the spot r?.te and the variance of the risk premia, for each data set and bro-
ken down by currency. The magnitude of ex post exchange rate changes
(column (1)) dwarfs that of the forward discount {column (2)}.10 For example,
the reported variance of annualized spot rate changes of 2 percent represents
a standard deviation of about 14 percent. By comparison, the variance of

expected depreciation is around .25 percent, a standard deviation of 5 percent.

The variance of expected depreciation is comparable in size to the vari-
ance of the risk premium, and is larger in 38 of the 40 samples calculated in
Table 3. We test formally the Fama (1984) hypothesis that the variance of
expected depreciation is less than the variance of the risk premium in section
4. Both are several times larger than the variance of the forward discount.
Thus the relative stability of the forward discount masks greater variability in
its two components, corroborating Fama's finding that the risk premium is

negatively correlated with the expected change in the spot rate.1?

19 This empirical regularity has often been noted; e.g., Mussa (1979).
11 This correlation is, however, biased downward by any measurement error that might
be present in the surveys. If such error is purely random, then the caxariance of expected

depreciationend the risk premium may be written as cov{Aseprpr) — var{fise), where
Ay and rpy are the "true” values of expected depreciation and of the risk premium,

respectively, and {4+ is the measurement error component of the survey.
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3. USING THE SURYEY DATA IN THE FORWARD RATE UNBIASEDNESS REGRESSION

In tests of forward market unbiasedness, much attention has focused on
the optimal weights placed on the forward rate versus the contemporaneocuns
spot rate in predicting future spot rate changes. The equation most commonly
used is a regression of the future change in the spot rate on the forward

discount:
As,,, =a+frd+ e’ (2)
ti+k 2 t+k

where the nuil hy’pot.ﬁesis is that the weight on the forward rate is one and the
constant term is zero, ie, §=1 and a = 0. Ig other words, the realized spot
rate is equal to the forward rate plus a purely random error term. A second but
equivalent specification is a regression of the forward rate prediction error on

the forward discount:

E B,k .
Je =S = ¥ B, fd; + 8, (21
where &, = —a and 8, = 1-8. The null hypothesis is now that a, = 8, = 0: the

left-hand-side variable is purely random.

t

Most tests of equation (2) have rejected the null hypothesis, finding 8 to be
significantly less than one. The range of point estimates has been wide, from
about -2.8 to 0.8. Coefficients that are positive, but less than one, imply that
the optimal predictor of the spot rate puts positive weight on both the forward
rate and the contemporaneous spot rate. A coefficient of zero is the random
walk hypothesis: the forward discount is of_ no help in forecasting future spot

rate changes.]2 Least appealing, but nevertheless not unusual, are findings of

12 Findings of this kind are not iimited to investigations of foreign exchange markets. In
their study of the expectations hypothesis of the term structure, for example, Shiller,
Campbell and Schoenholtz (1983) conclude that changes in the premium paid on longer-

term bills over short-term bills are useless for predicting future changes in short-term in-
terest rates.
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significant negative coefficients, which indicate that the spot rate tends to move

in the direction opposite to that predicted by the forward discount.

As in the previous section, tests of eguation (2) are joint tests of rational
expectations and no exchange risk premium. Without other information, how-
ever, researchers have been forced to focus on one alternative hypothesis at
the expense of the other. For example, one could ignore the risk premium and
mterpret the forward rate as representing investors’ expectatums. In this con-
text. Bilson (1981b) proposed that the alternative of g less than one be termed

“excessive speculation”, because it would imply that investors could do better
on average if they were to reduce fractionally their forecasts of exchange rate
changes, and that the alternative of § greater than one be termed "insufficient
speculation”, because it would imply that investors could do better if they were
to raise multiplicatively the magnitude of their forecasts of exchange rate

changes.

The most popular alternative hypothesis in regressions of equations like
(2). however, is that domestic and foreign securities are imperfect subst'it.utes
because of risk. As we have already mentioned, Fama- {1984), Hodrick and
Srivastava {1986) and Bilson {1985) argue that coefficients close to zero in such
regressions can be viewed as evidence of a risk premium that is more variable
than are expectations. By taking probability limits., the slope coefficient g in

equation (2) can be rewritten as:

. cov(as,,, . Jd;) cov(as;,,.fd;)
\rau'(f:if= ) var(As: ) * 2cov(As: "E rp: ) + var(rpf)

var(As;,,) + cov(as],,.mo})

= [ ] [ k k | <3)
var(As,,,) + 2cov(as,,, mp,) + var(rp, )

where the second equality follows from assuming rational expectations. If < ¥
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as is usually found, it follows that var(rp:) > var{As,,,). Accordingly, Bilson
(1985 p. 63) interprets the accumulated results of such regressions as evidence
that "most of the variation in the [forward] premium reflects variation in the
risk premium rather than variation in the expected rate of appreciation.”
Indeed, the growing body of evidence that g is insignificantly different from zero
does not permit one to reject the extreme view that expectations are totally
unrelated to the forward rate, in other words, that all variation in the forward

discount is attributable solely to variation in the risk premium.

3.1. Econometric Issues

Before turning to our own estimates of equation (2), we pause briefly to

mention several important econometric issues.

Estimation of equation (2) (and most of the equations we estimate later), is
performed using OLS. We stack different countries, anci in some cases, different
forecast horizons into a single equation. The complicated correlation pattern
of the residuals, however, renders the OLS standard errors incorrect in finite

samples. Several types of correlation are present. '

First, there is seriﬂ correlation induced by a sampling interval shorter
than the corresponding forecast horizon (up to eight times). This is the usual
case in which overlapping observations imply that, under the null hypothesis,
the error term is a moving average process of an order equal to the fﬁ'equency
of sampling interval divided by the frequency of the horizon, minus one. Han-
sen and Hodrick {1980) propose using a method of moments (MoM) estimator

for the standard errors in precisely the application studied here.

Second, in order to take advantage of the fact that the surveys covered
four or five currencies simultaneously, we pooled the regressions across coun-

tries. This type of pooling induces contemporaneous correlation in the residu-
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als.!3 Normally, Seemingly Unrelated Regressions should be used to exploit this
correlation efficiently. We use SUR later; here, however, the serial correlation

induced by overlapping observations makes SUR inconsistent.

The basic model may be written as:

E E b
Via = Zpasf + iy (4)

where k& is the number of periods in the forecast horizon and i indexes the
currency. We account for the two types of correlation in the residuals with a

MoM estimate of the covariance matrix of g:

8" = (%) X o Ky o) ™ (4)
where X is the matrix of regressors of size N (countries) times T {time). The

(i.7)th element of the unrestricted covariance matrix, Q is:

N-1 T
-~ 1 -~ A
w(i.j) = Y Y VyurVy_purfor mT-n<ksmT+n; m=0,...,N-1
Ix0tuk+1
=0 otherwise . (5)

where n is the order of the MA process, :'utr is the OLS residual, and k = [i-7|.
In some cases, this unrestricted estimate of {} uses well over 100 degrees of
freedom.14 We therefore estimated a restricted covariance matrix, { with typi-

cal element:

N
n~ 1 -
O(E+IT, t~k+pT) = — 3, 0(t+IT, t—k+pT) if A=p and —n<k<=n
- i=0
N-1N~-}
- = 2 D o(t+it, t=k+pT) if A#¥p and -n<ks<n
. N{(N-1) p=0i=0

13 Each currency in our pooled regressions was given its own constant term. This model-
ing strategy seemed most ressonable in view of the diffsrences across currencies in the
megnitudes of both ex post spot rate changes and the forward discount (see Table 1)

14 The number of independent parameters in the covariance matrix does not afisct the
asymptotic covariance, as long as these parameters areestimated consistently (see Hanseg
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=0 otherwise . {6)

These restrictions have the effect of averaging the own-currency and cross-
currency autocorrelation functions of the OLS residuals, respectively, bringing

the number of independent covariance parameters down to 2n.

Tests of forward discount unbiasedness also provide an opportunity to
aggregate across different forecast horizons (though we are unaware of anyone
who has dcnelthis. even with the standard forward discount data), adding a
third pattern of correlation in the residuals. Such stack_ing seems appropfiate
in this case because we ;vish to study the predictive power of the forward
discount generally, rather than at any particular time horizon. Moreover, a.
MoM estimator which incorporates several forecast horizons has appeal beyond
the particulér application studied here because it is computationally simpler
than competing techniques and at the same time can be more efficient than'sin-

gle k-stepl-ahead forecasting equations estimated with MoM.

To demonstrate the precise nature of the correlation induced by such
aggregation, consider the stochastic process, Y, ‘which is staﬁonary and
ergodic in first differences and has finite second moments. We denote the k

period change in ¥ from period ¢—-k to ¢ as 'yf. and the A period change as
n~1

yr = Y ¥ a. where h = nk for any positive integer n.15 We then define the
=0

. . f I A
innovations, v, and v, as:

v = yp - E(y* 9,,) (7)

(1962)). Nevertheless, one sugpects that the small-sample properties of the Mol estimator
worsen as the number of nuisance parameters to be estimated increases.

15 The following example can easily be generslized to allow A and k to be any positive
integers. It is also possible to combine in a similar fashion more than twe different forscast
horizons. Indeed, we combine three horizons in the Economist data estimates in the regres-
zions below. Because these extensions yield no additional insights and come at the cost of
more complicated algebra, however, we retain the simple examgle above.
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A h .
Ve =Y, - E( ygl Epg_h)

where ¢, includes pfesent and lagged values of the vector of righi-hand-side
variables, z: . These facts allow us to write the covariance matrix of the innova-

tions as:

vf] o A A'*] |
Z=F .v‘h [vy'vy'l] = AME AP ()

where the (i,j)th element of each submatrix of T is equal to the corresponding

autocovariance function, evaluated at g =1 - j:

k Ex k.
A‘J=E(v‘v‘+q)=}\!1f lgl <k (9)
= 0 otherwise,

Bo;=E(vivl ) =20 it gl <h

= 0 otherwise,

-A:;=E'(v:u:'ﬂ)=7\:*if0$q <k : (10)

kA hk
=EB(vv,)=h, it -h <g <0
= 0 otherwise .

In this context consider the aggregated model:

Y =X+, (11)
where y,’ = [y:“' y"‘m']. x'= [zf' z:"] and v,' = [v:”,' v::_n']. The QLS estimate
of g then ul.nas the usual MoM estimate of the sample covariance matrix:

8" = (Xaer o) Xt Z ey T
where ﬁ is a consistent estimate of £, and is formed by using the OLS residuals

to estimate the autocovariance and crosscovariance functions in equations (9)

and (10). -

One might think that by stacking forecast horizons, as we do in equation

(11), greater asymptotic efficiency always results than if only the shorter-term
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forecasts are used, in other words, that 51 - 52 is positive semidefinite. After
all, the sample size has doubled, and the only additional estimates we require
are nuisaﬁce parameters of the covariance matrix. This intuition would be
correct for efficient estimation strategies, such as maximum likelihood. But
because OLS weights each observation equally, the MoM covariance estimates
reflect the average precision of the data. It follows that if the longer-term fore-
casts are sufficiently imprecise relative to the shorter-term forecasts, the pre-

cision of the estimate of # drops: we could actually lose efficiency by adding

more data. In the appendix we demonstrate this potential loss in asymptotic
emcieﬁcy, and show how it is rela-ted to the disparity in forecast horizons.
Efficiency is most likely to increase if the longer-term forecast horizon is a rela-
tively small rnultiple of the shorter-term horizon. Indeed, in the forthcoming
regressions we find a marked increase in precision from stacking across fore-
cast horizons when n = 2 (in the Economist and Amex samples), but little or no

increase in precision when n = 4 or 6 (in the MMS samples).

Finally, the above MoM estimates of the covariance matrix need not be
positive definite in small samples. Newey and West (1985) offer a corrected esti-
mate of the covariance matrix that discounts the jth order autocovariance by
1 = (j/{m+1)}), making the covariance matrixz positive definite in finite sample.
Nevertheless, for any given sample size, there remains the question of how small
m must be to guarantee positive definiteness. In the upcoming regressions we
tried m = n (which Newey and West themselves suggest) and m = 2n; we report
standard errors using the latter value of m because they were consistently

larger than those using the former.18

18 For the two aggregated MMS data sets in Table 8 below, avalueol ™ =1 was used
after finding that m. = 27 resulted in a neonpositive semi-definite covariance matriz. This
correction reduced the standard errors in these two regressions by an average of only 3
percent.
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3.2. Results

Table 4 presents the standard forward discount unbiasedness regressions
{equation (2)) for our sample periods.1? Most of the coefflcients fall into the
range reported by previous studies. Note that in the Economist and Amex data
sets, in which forecasts horizons were stacked, the standard errors fell in the
aggregated regressions by 14 and 31 percent, respectively, in comparison with
regressions that used the shorter-term predictions alone. In terms of the point
estimates, all but one of the data sets indicate that the optimal predictor of the
future spot rate places negative weight on the forward rate, and more than half
of the coefficients are significantly less than zero. There is ample evidence to
reject unbiasedness. In the two MMS data sets, which cover shorter sample
periods of 14 and 21 months, respectively, the coefficients have unusually large
absolute values, lending support to the observation by Gregory and McCurdy
(1984) that the regression relation in equation (2) may be unstable, The F-tests

also indicate that the unbiasedness hypothesis fails in most of the data sets,

At this point, we could interpret the results as reflecting systematic pred-
fction errors. Under this interpretation, it follows that agents would do better
by placing more weight on the contemporaneous spot rate and less weight on
other factors in forming predictions of the future spot rate, the view discussed
by Bilson (1981b). On the other hand, we could interpret the results as evi-
dence of a time-varying risk premium. Then the conclusions would be that
changes in expected depreciation are not correlated {or are negatively corre-
lated) with changes in the forward discount and, from eguation (3), that the
variance of the risk premium is greater than the variance of expected deprecia-

tion.

.17 Regressions were estimated with dummies for each country, which we do not report to
save space. For the regressions which pool over different forecast horizons {marked
Economist Data and Amex Data), each country was allowed its own constant term for every
forecast horizon. .
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3.3. Decomposition of the Forward Rate Unbiasedness Coefficient

The survey data, however, let u-s go a step further with the results of Table
4: we can now allocate part of the deviation from the null hypothesisof § = 1 to
each of the alternatives: failure of rationality and the presence of a risk prem-
ium. Using the fact that the (log) forward discount can be written as the sum of

expected depreciation plus the risk premium,
fd: = As:ﬂs + ’?: (12)
we can decompose the probability limit of the coefficient 8 in equation (2) into:
ctm(n:'“. fdf) ¥ cov(ss),,, fd’:)

B = - (13)
vor(fd,)

where 17: + 1S the expectaﬁonal prediction error defined in equation (1). With a
little algebra, § can then be written as equal to 1 (the null bypothesis) minus a
term arising from any failure of rational expectations, minus another term aris-

ing from the risk premium:

f=1-8,~ 8, (14)
where
_ cov(f]:*, fd:)
T var(sah)
& ¢ k
var(rp,) + cov{As,, . rp;)
ﬂ,p = .

var(jdf )

With the help of the survey data, both terms are observable. By inspection,
B,, = 0 if there are no systematic prediction errors in the sample, and By =0if
there is no risk premium {or, somewhat more weakly, if the risk premium is

uncorrelated with the forward discount).
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The results of vthe decomposition are reported in Table 5a. First, B,, is very
large in size when compared to 8. often by more than an order of magﬁitude.
In all of the regressions, the lion’s share of the deviation from the null
hypothesis consists of systematic expectational errors. For éxarnple. in the
Economist data, our largest survey sample with 525 observations, 8, = 1.49 and
B, = 0.08. Second, while g is greater than zero in all cases, B, is sometimes
negative, implying m eguation (1.4-) that the effect of the survey risk premium

pushes the estimate of the standard coefficient g in the direction above one. In

these cases, the risk premia do not explain a positive share of the forward
disccunt'’s bias. The positive values for B,,. on the other hand, suggest the pos-
sibility that investors tended to overreact to other information, in the sense
that respondents might have improved their forecasting by placing more weight
on the contemporaneous spot rate and less weight on the forward rate. Third,
to the extent that the surveys are from different sources and cover different
periods of time, they provide independent information, rendering their agree-
ment on the relative importance and sign of the expectational errors all the
more forceful. To check if the level of aggregation in Table 5a is hiding impor-
tant diversity across currencies, Table 5b reports the decomposition for each
currency in every data set. Here the results are the same: expectational errors
are consistently large and positive, and the risk premium appears to explain no

positive portion of the bias.

While the qualitative results above are of interest, we would like to know
whether they are statistically significant, whether we can formally reject the
two obvious polar hypotheses: a) that the results in Table 4 are attributable
entirely to expeétational errors; and b) that they are attributable entirely to
the presence of the risk premium in the survey data. We test these hypotheses

in turn in the following sections.
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4. ADirect Test of Perfect Substitutability

We consider first a test of whether the bias introduced by the risk prem-
ium, B,p+ 18 statistically significant. The most direct test is a regression of the

survey expected depreciation against the forward discount:

Ay = o, + B fdF + 2y, (17)
where the null hypothesis is that no risk premium separates the two, o, = 0 and
B, = 1. Strictly speaking, the expected future spot rate exactly equals the for-
ward rate if assets are perfect substitutes, so that we should interpret the
regression error €;; as measurement error in the surveys. Thus,
As:“ = A;:,_k—cu. where Agﬂr is the unobservable "true” market expected |
change in the spot rate. Note that if the null hypothesis holds, we can use the
B trom equation (17) to obtain an estimate of the relative imporfance of the

measurement error component in the survey data.18

Ta see that a test of 8, = 1 is equivalent to a test of 8» = 0, note that the

OLS estimate of 8, converges in probability to:

var(r;b + cov(A;;k.i;:)
=1~ (18)
var(fd;)

=] - prp

—1 R . . .
- where rp, is the survey risk premium less any measurement error, ie., the
"true" market risk premium, fdf - As-:“. Equation {17) may also be used to test
the Fama (1984) hypothesis regarding the size of the variance of expected
depreciation relative to the variance of the risk premium. A little algebra

yields:

18 Note also that in a test of equation (17) using the survey date, the properties of the
errer term, £, ,, will be invariant o any "peso problems,” which affect instead the ex post
distribution of actual spot rate changes.
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var(AQ{_k) - var{Eb
Bz = " + k. (19)
var(fd;) :

Equation (19) says that if §, is significantly greater than %, the variance of
exp.ected depreciation exceeds that of the risk premium. The qualitative
finding in Table 3, column (8), that the variance of expected depreciation is the
greater can thus be tested formally. Although measurement error in the survey
data would tend to overstate both of these variances, it does not affect the esti-
mate of their difference (equation (19)). This point is evident from equation
(17), in which the measurement error gy, is condiﬁonaﬁy independent of the

estimate of g, as long as it is random, i.e., E(z,, | _fdf }=0.

Under mild assumptions, equation.(17) may also be interpreted as a direct
test of uncovered interest parity. If we rule out the presence of riskless arbi-
trage opportunities, then by covered interest parity the forward discount

exactly eqﬁal.s the excess return paid on domestic securities relative to foreign
securities:

i =i = ray
where 1'.: and 1'.': are the domestic and foreign interest rates on instruments
which mature in & periods. Uncovered interest parity.is thus the hypothesis
that the interest differential is equivalent to investors’ expectations of future

depreciation. 19

4.1. Results

Table 6 reports the OLS regressions of equation (17). In some respects the
data provide evidence in favor of perfect substitutability. All of the estimates of

B, are statistically indistinguishable from one (with the sole exception of the

1% For tests of uncovered interest parity similar to the tests of conditional bias in the
forward discount that we considered in section 3, see Cumby and Obstfeld (1981).
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MMS three-month Asample). In the Economist and Amex data sets which aggre-
gate across time horizons, the estimates are 0.9 and 0.96, respectively.20
Expectations seem to move very strongly with the forward rate. With the excep-
tion of the MMS data, the coefficients are estimated with surprising precision,
As we might expect, however, the large magnitudes of the risk premia discussed
in section 2 cause us to reject perfect substitutability. Each of the F-tests
reported in Table 6 reject the parity relation at a level of significance that is

less than 0.1 percent.

In terms of our decomposition of the forward rate un'biasedness regression,
Ta.b.le 8 shows the values of B, in column 2 of Table S5a are not significantly
different from zero. Thus the rejection of unbiasedness found in the previous
section cannot be explained entirely by the risk premiurn at any reasonable
level of confldence. Indeed, in spite of the fact that the surve'y risk premium
has substantial magnitude (Ta_bl_e 2), we cannot reject the hypothesis that the
risk premium explains no positive portion of the bias.

Table 8 also reports a t-test of the hypothesis that By = ¥%. In six out of
nine cases the data strongly reject the hypothesis that the variance of the true
risk premium is greater than or equal to that of true expected depret;iation; we
have rather var(AQ‘_k) >var(:;:). In addition, equation (18) and the finding
that 8, = 1 together imply that:

var r_p;:) + cov(AQ{_k,r;:') =0, (187

Thus we cannot reject the bypothesis that the covariance of true expected

depreciation and the true risk premium is negative {as Fama found), nor can we

3 For the Economist six-month and twelve-month and the Amex twelve-month data sets,
the estimates of f, from equation {17) do not exactly correspond to 1 — 8 in Tables 5a
and 5b. This is because Table 8 includes a few survey observations for which actual future
spot rates have not yet been reslized, whereas these observations were left out of the
decomnposition in Tables S5a and 5b for purposes of comparability. If we had used the small-
er samples in Table 6, the regression coefficients would have been .92 and 1.03, for the
Economist and Amex data sets, respectiveiy.
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reject the extreme hypothesis that the variance of the true risk premium is

zero.

Note that the &*'s in Table 8 are relatively high. Under the null hypothesis
tha't‘. true expected depreciation exactly equals the forward discount, one could
interpret these results as evidence that the measurement-error component of
the survey data is relatively small. For ex_arnple, under this interpretation of
the R® statistics, measurement error accounts for about 10 percent of the vari-
ability in expected depreciation from the Economist survey.?! The presence of a
time-varying risk premium uncorfelated with the forward discount, ho;\rever.
implies that the disturbance term, g,,, will not be purely measurement errof
but will alsc include variation of the risk premium around its mean. In thiﬁ case
a second interpretation of the R? measure is possible: that it pverstates the
measurement error component of the surveys. Indeed, the low values of the
Durbin-Watson statistics reported in Table 8 seem to suggest the presence in
the OLS residuals of a risk premium which is serially correlated but uncorre-

lated with the forward discount.

In Table 7 we correct for the potential serial correlation problem by
employing a Three-Stage-Least-Squares estim.ator that allows for contem-
poraneous correlation {SUR) as well as first order auto-regressive disturbances.
3SLS is consistent here because there are no overlapping observations -- pred-
ictions by the forward rate and the surveys are observed contemporaneously --
and it has the advantage of being asymptot'ically efficient. The results reported
in Table 7 show that this correction does not change tﬁe nature of the results:
all bt:_xt one of the coefficients remain close to one, and there is clear evidence

i .
that the variance of expected depreciation is greater than that of the risk

21 Recall, however, that the Rz measures in Table 8 include the explanatory power of the
constant terms for each currency and forecast horizon.
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premium (while there is no evidence for the alternative that the variance of the

risk premium is greater).22

5. Tests of Rational Expectations

In this section we test to see whether the interpretation of the sta:ndard
bias findings in section 3 as evidence of systematic prediction errors can be
supported. While in section 2 we found evidence that investors err in their
unconditional forecasts of futuz:e changes in the spot rate, here we focus
instead on whether investors tend to place too little weight on the contem-
poraneous spot rate and too much on all other information. Tests of rational
expectations which address this question typically regress future prediction
errors of the forward discount on subsets of the contemporaneous information
set. As we have already noted, these tests are only valid in the absence of a risk
premium. Conseguently, we use here the prediction errors of the survey data

instead.23

5.1. A Test of Excessive Speculation

Perhaps the most powerful test of rational expectations is one whick asks
whether investors. would do better if they placed more or less weight on the
contemporanecus spot rate as opposed to all other variables in their informa-
tion set. This test is performed by a regression of the expectational prediction
error on expected depreciation:

] - ] k ‘
Stek ~ Sgqr =0 F d_AsH-k Ve (20)

where the null hypothesis is ¢ = 0 and d = 0.24 This is the equation that Bilson

82 Unfortunately, the highly irregular spacing of the Amex data sets did not permit an
auto-regressive correction in this case.

%3 Frankel and Froot (1986) test whether the survey expectations place too little weight
on the contemporaneous spot rate and too much weight on specific pieces of information
such as the lagged spot rate, the long-run equilibrium exchange rate, and the lagged ex-
Pected spot rate,

24 To see how the alternative in equation (20) is.too much or too little weight on all vari-
ables in the information set other than the contemporaneous spot rate, assume expecta-

tions are formed as & linear combination of the current spot rate, §;.and all other vari-
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(1981b) and others had in mind, which we already termed a test of "excessive”
speculation, with the difference that we are measuring expected depreciation

by the survey data instead of by the ambiguous forward discount.

Qur tests are reported in Table 8. The findings consistently indicate that
d > 0, so that investors could on average do better by giving more weight to the
contemporaneous spot rate and less weight to other information they deem
pertinent. In other words, the excessive speculation hypothesis is upheld. F-
tests of the hypothesis that there are no systematic expectational errors,

g =d = 0, reject at the one percent level for all of the survey data sets.

The results in Table 8 would appear to constitute a resounding rejection of
rationality in the survey expectations. Up until this point, cur test statistics
have been robust to the presence of random measurement error in the survey
data. But now, under the null hypothesiﬁ. measurement error biases toward
one our estimate of d in equation (20). The test of d = 0, therefore, may be less
stringent than the usual probability values would imply. To demonstrate this
effect, suppose that expected depreciation as recorded by the survey is. equal

to the market's true expectation, A;{_E plus an error term:
—e
b ) bs:-a-k = Ast+k+ tl (21)

where §,,, is iid and E(¢, IAs-:+k) = 0. The actual spot rate change can then be

expressed as the sum of the true market expectation plus a prediction error:

gbles in the information set, L
. ;
S =ML + (1-m)s,
If the actual process is:
- k
Spe =L + (1-m)s, — v,
Then equation (20) ¢an be rewriiten as
. - k .
Atip —Sp = o + {m =) —5,) + v, (207)

Rational expectations is the case in which the coefficient T, — T is zero. A positive value
implies T, > 71, investors put insufficient weight on §; and too much weight on other in-
formation.
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e k
Asi,p =By + Ny (22)
Using these facts, the coefficient d in equation (20) converges in probability to:

var(f,) - °°"("7:+k' A;:m)
d = - : . (23)
var(¢,) + var(As,,,) '

Measurement error therefore biases our QLS estimates toward one. Indeéd. in
the limiting case in which the measurement error accounts for all of the varia-
bility of expected d;pfeciation in the survey — in other words, that no informa-
tion at all about the “true” marke.t expectation is contained in the surv'eys -
the parameter estimate would be statistically indistinguishable from one. In.
Table 8, 13 of 15 estimates of d are greater than one; in five cases the
difference is statistically significant. This result suggests that measurement
error is not the source of our rejection of rational expectations. However,

stronger evidence may be obtained.

5.2. Another Test of Excessive Specnlation

One way to get around the uncertainty introduced by this added source of
noise is to use the projection of the survey expectations onto investors® .infor-
mation set as the right-hand-side variable in .equation (20). Thus we seek a
proxy for the survey expectations. The candidate must be highly correlated
with the survey expected depreciation, and conditionally independent of the
measurement error, E(¢, | fdf} = 0. In view of the results from section 4, the
forward discount seems eminently qualified. The usual instrumental variables
estimation procedure is not necessary in this case because the null hypothesis

is that & = 0. Thus we run the OLS regression:

. ]
Sger ~ St S F B+ E (24)

and perform a test of rationality, a, =8,=0.
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Equation (24) has additional relevance in the context of our decomposition
of the forward rate unbiasedness regressian in section 3: the coefficient, g, is
precisely equal to the deviation from unbiasedness due to systematic prediction
errors, 8. Thus equation (24) can tell us whether the large positive values of

By found in column (1), Tables 5a and 5b are statistically significant.

Table 8 reports OLS regressions of equation (24). We now see that the point
eslimates of 8, in Tables 5a and 5b are measured with precision. The data con-
tinue to reject sfatistically the hypothesis of rational expectations,
a, =0, 8, = 0. They reject 8; = 0, in favor of the alternative of excessive s;pecu-
lation. (Because the measurement error has been purged, the levels of
significance are necessarily lower than those of Table 8.) Thus the result that
B, is significantly greater than zero seems robust across different forecast
horizons and different survey samples. 'In terms of the decomposition of the
typical forward rate unbiasedness test in Table 5a, we can now rejéct the
hypothesis that all of the bias is attributable to the survey risk premium. Put
differently, it is still not possible to reject the hypothesis that all the bias con-

sists of repeated expectational errors made by survey respondents, and that no

positive portion of the bias can attributed to the survey risk premium.
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8. CONCLUSIONS

(1) The survey data indicate that forward rate prediction errors do not give
insight into the nature of the risk premia as commonly thought. In al% three
surveys, the errors exhibit unconditional bias of a sign opposite to estimates of
the risk premium from the survey dat_a. The premia are large in absolute value,
and are statistically different from zero. We can reject the hypothesis that sys-
tematic unconditional mistakes made by the forward rate in predicting the
future spot rate are due entirely to a fa.ilurg of rational expectations. But at
the other extreme, the hypothesis that the forward rate prediction errors can

be explained by the risk premium alone is rejected.

(2) Expected depreciation 1s more variable than both the forward discount and
the risk premium. The first finding corroborates Famh?s (1984) conjecture that
expecied deﬁréﬁiation and the risk premium are negatively correlated. The
second finding rejects the hypothesis that the variance of expected deprecia-
tion is less than the variance of the risk premium, let alone the more extreme

random-walk hypothesis that the variance of expected depreciation is zero.

(3) Direct tests 'c;f perfect substitutability across assets denominated in
different currencies produce mixed results. We find evidence against a time-
varying risk premium, in the respect that changes in expected depreciation are
©on average matched, one for one,. with changes in the forward discount. In
terms of point (2), changes in the forward discount appear to be unrelated to
changes in risk. The hypothesis of no risk pPremium fails in our regressions,
however, because the level of expected depreciation is significantly different
from the forward discount by a constant term. In short, while the survey data
do support the existence of a substantial risk premium, they suggest that the

many previous citations of forward discount bias as evidence for the ekchange )
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risk premium may have been misplé.ced.

(4) While changes in the forward discount reflect changes in expected deprecia-
tion, they seem to be, if anything, negatively related to future spot rate
changes. Significantly negative coeflicients in regression tests of fc::rward
discount unbiasedness, a common finding in many previ.ous tests, are also found
here. The survey' data indicate that this large and significant deviation from
unbiasedness is ove'rwhelmingly due to repeated forecasting mistakes made by
survey respondents. As in the unconditional case in point (1), we are unable to
reject the hypothesis that the conditional deviation from unbiasedness is due
entirely to a failure of rational expectations. We are able to reject the compet-
ing hypothesis that the deviation from unbiasedness is purely a consequence of
" the risk premium. The implication is that, when forming their expectations,
investors would do better to put more weight on the contemporaneous spot
ﬁte, and iess weight on all other variables on which they rely. This is the same
result that Bilson and \many others have found with forward market data; but

now it cannot be attributed to a2 risk premium. 1
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7. APPENDIX

In this appendix we show how the asymptotic efficiency of the method-of-
moments estimator is affected by aggregating over forecast horizons. Consider

the model:

. E .
Viee S5 B+ 2, (A1)

where 'y:“ = Y,,s — %; and the error term is orthogonal to the present and past
values of z and y, E'(afulzf.z:_l. e ,yf.yf_l. +-+)=0. Our example below
considers the simple case of a single regressor, zf . but may easily be extended
to a vector of righthand-side variables. Define the iid innovations »,,, =
E(ytl"‘:‘z:-z' T .yf,yf_l. er)and g, = E(zflzf.z:_l. Wi t) Uz
and y are jointly covariance stationary, then the Wold decomposition implies
that: |

B k
Yo = 20V + 277, v ¥ 0 (A2}
{=d i=0

x E
E(yiale,) = zdivuh-—i + E'fi’?:u—; + D,
=k =k

where ,D: is the deterministic component of y, and ¢, includes past and present
values of z and y. We are primarily concerned with the case in which z: is the
best unbiased forecast of y: ++ That is, under the null hypothesis of forward
discount unbiasedness, fdf is an efficient predictor of the future spot rate
change, As,,.. Thus we assume that :: already contains all relevant informa-

tion for forecasting yfﬂ. so that E‘(yfﬂ];a‘) = E(y:'u |:f).

We define analogously the h period change in
A-1h-f-1

Yien 2S

y:'m = 2 P y:+h_jk_‘. where h = nk. Using equations (A1) and (A2) we then
=0 i=0

have:
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n-1m= n-1 =

Ao A ,
Vi = 2 zdivtﬂs-jb—i + X Z?ing-i-h-jk—i + 0 (A2)
J=0i=0 F=0i=0

n-1 = n=1 =

A A
E(ynle,) = 2 E 61”:+h-jk—~z + 2 E YiMsn-se— + D .
F=0izh—jk F=0iz=h-jk '

These facts imply that the & and A period prediction errors, sfﬂ and ’-':hu.'
respectively, are siationary with finite second moments. If we assume that

ko h_ A A . . - .
q: S&4* and g, =g, .7 are stationary with finite variance, then

E'(q:qf+’.) =0for j =k, and E{q:q:'ﬂ.) =0 for j = h. Thus qf can be expiessed

as a £ —1 order moving average process:
k-1
E
% = Eﬂi Vesr— (a3)

i=0

Similarly, from equation {A2’'} we have that q:‘ may be written as a -1 order

moving average process:
n-1h-1

Iy .
=2 2 iV ekt ‘ (a3")
J=0 i=0 . '

n-1 &
= 3 2("‘5-:;-1 LY L (a4)
j=0 i=0
n-2
where Cpogpai = Zd(n_m)k_{. The covariance generating function for qf is
m=j§

denoted by A*(z), where

k-1 k-1 k-1
A% z) = D A= crf PN E“;“;n . (As)
s=1-k &x1-k §=0

Using equation (A4), the covariance generating function for q:' can be written

as:
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.~

n{n+1) n{n-1)
A 2) =A%(z) + ——A%(2) + — A% + 2% (2) (a5")
2 2
where )\“i(z) is a complicated generating function of the a;'s and c;'s which we

need not specify here. Finally, the covariance generating function, A“I(z) =
A-1 A-1 '

o‘f 2 2 a,;d;,, can be rewritien as:
a=1-k f=0

. {n+1) \® (n-1)

A% (z) (z) o Ap + A%%(z) (A8)

where A**%(z) is another generating function of the a,’s and ¢’s.

Now consider the asymptotic MoM covariance matrix of V7T (E - B) from

equation (A1):
8! = (AN (2) | (a7)

T
Im _
where )\: = (o T lzzf z: . If we add in the longer-term forecast data, our model
t=1

is that of equation (11) above, with asymptotic covariance matrix:
8% = (A + AN (A% (2) + A%(2) + 2a%%(2)) ' (as)

By substitution, we have that o' > 0°if and only if:

A h
-:? [1 + ﬁ?:] . (A9)
Ao
. Ao A ] AN(E)AN ()42 (2) N (2 )) A
>n” ¥Bl1+ ] +n B3+ J +
A*(z) A (z) A*(z)

Equation (AB) says that the variance of the longer-term data, A;‘, must increase
at a rate the same as or greater than the relative forecasting interval, n, if we
are to gain by adding longer-term forecasts to data sets of only shorter-term

forecasts. Thus as the forecasting interval increases, we require correspond-




-33-

ingly greater variability of the regressors in order to compensate for the

greater variability of the forecast errors.

One might think that the result in equation {A9) is a consequence of
weighting the more imprecise longer-term predictions equally with the Rredic-
tions of shorter-term. Perhaps if we downweighted the longer-term data, we
would always gain in efficiency. It turns out that this is not the case. In the
remaining space, we construct a consistent, optimally weighted estimator and
show that the efficiency of this estimator may still worsen asymptotically by

adding in the longer-term forecasts.

In most circumstances, GLS represents the optimal weighting strategy
when the data have different levels of precision. GLS is, however, inconsistent
when used on a model with overlapping observations. Thus we consider instead
a weighted least squares éstimator which is optimal within a class of consistent
estimators. Consider a transformation of the model in equation (11), which

stacks the shorter- and longer-term data:
¥y, = Fx,8 + Wy, _ ,(A10)

where ¥ is a diagonal matrix. The MoM estimate of 8 in equation (A10), 8,, will
be consistent for any arbitrary diagonal matrix #. To see this, note that the

MoM estimate of equation {(A10), E,. may be written as:

- xzm'”'zxzm B xzn-r'wz"
] s
T

V’T(ﬁ’ - ﬂ)
vT

-1

ar 2T
1 z 2 1 2
r Ezi Wy VT Eziviwi
i=1 T {=1

The final term in equation (A11) converges in probability to zero, provided that

the error term in equation (A10) is conditionally independent of the contem-
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poraneous value of the regressor, F{v,|x,) = 0 (this is just the Gauss-Markov
assumption required for the consistency of OLS in estimating equation (A10)).
Suppose now that we choose W optimally in order to maximize the gain in

efficiency from adding longer-term forecasts to our shorter-term data. That is:

max
8'-6°. (A12)
¥
where 8° is the MoM asymptotic cﬁvariance matrix of E,:
o = (xeer szzm)_!xzur' wan Xonr(Xont szzm')-l (A13)

By normalizing the weight on every shorter-term data point to one, it is
straightforward to show that the optimal weight placed on each longer-term

observation is:
. (M) - A (@)
e Sl P ad
AA(z) = AgA™ (z)

{A14)

Note that w,: will always be positive if the data sets are uncorrelated, i.e. if
A“(z) = 0. In other words, appropriately weighted independent information
can always improve efficiency, no matter how imprecise the new inforn{ation
may be. But, the nature of the correlation between contemporaneous longer-
term and shorter-term predictions implies that the optimal weight given to
longer-term data may be zero. In particular, ‘w; will be zero if the numerator in
equation (A14) becomes negative.. This occurs if n is too large in comparison
with the relative variance of the longer-term forecasts. Using equations (AS'),
(A6) and {A14), it can be shown that a sufficient condition for ‘w; to be zero is:
(n+1) N
- > 7.
I

'Thus, while the standard errors reported in the text indicate that for small

(A15)

values of » one may obtain improvements in efficiency, this result is not likely
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to apply MoM estimation of data with considerably longer forecast horizons,
even when the data are downweighted to aceount for the grealer variance of
the longer-term forecast errors. 1t is worth stressing in closing that this poten-
tial loss in efficiency is a direct consequence of our limited information MoM
estimation strategy. Full information techniques, such as maximum likelihood
estimation, will consistently achieve nonzero gains in asymptotic efficiency with

the addition of longer-term data.
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Table 2
SURVEY DATA SUMMARY STATISTICS
{1 percent per annum)
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of nanoveriaoping cheervations and
st st the hynothesis that ali
at siznificance 3t the 10, 5, and ) percent Yevele, respectively,
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Tab
CONPARISON OF VﬁRIﬁNCES ﬂF £XPEETED DEPRECIATION

AND THE RISK PREMIL

{1 percent per .nnun}

file: tab2.wki

(1) (3] {3 (8} {5 {4}
FORECAST SURVEY DATES N plrp,fer) Var {ds) Var {fd) Variance Variance {41-(3)
HORIZON  SGURCE § of ELdsit+1}] of rpits
1 WEEK
T8TAL i 10/84-2/84 247 2.73 0.345
114 &2 3.509 4.329
N§ 82 NA& 2.504 NA 0,251 NA A
S 81 L 4,404 :
Jh 42 1,354 4. 254
2 HEEKS
T0TAL NNS 1/83-10/34 187 0.703 0.113
11 4 47 0.745 §.141
1] 47 NA 0.884 NA 9,122 NA KA
| 45 0.530 0.114
JA 47 0,533 0,085
1 MONTH -
TGTAL MNS 10/84~2/85 175 2.295 0,008 0,253 0.2% Q.018
134 43 -0, 228 2.8% 0.4602 353 0,355 4001
NE 4 -0.047 2.091 4. 000 .22 9.219 2508
L 44 =0, 040 2.593 §.0m 0.228 0,223 9,403
-} 44 0.074 1.4% 0.001 W12 0.137 -0.008
J VONTHS
TOTAL hh L 1/83-10/34 187 4,410 0,014 0,057 §.042 9.0485
I} 47 0.160 0.647 0.004 0.035 0.034 0.602
N5 47 0.192 0.702 0.002 §.045 0.054 =0.669
1 ] Y 0.095 0.447 0.042 0.118 0,118 0,002
JA ¥ $.023 0.470 0.604 6,035 0.048 -0.012
TOTAL ECONOMIST  &/81-12/8% 190 1,851 8.05! $.173 0.12¢ 054
UK : 38 =0,32 1.433 £.014 0.159 §.142 O.Géo
FR I8 ={. 285 1.783 0.437 4.092 0.090 3,002
K5 38 -0.234 1.547 $.004 0,129 0.111 3.017
Lt ] 3 -0.{28 2.008 0.011 0.109 0.084 4,025
M) 38 0.093 1.440 0,020 4,178 0.149 0.049
& NONTHS
TOTAL ECCHOMIST  4/81-12/8% 190 2,004 0,093 0.173 0,082 0.091
114 38 -0.271 1.554 0.021 9.11% 80077 0.033
R 38 -0.233 2.251 0.050 0.0%7 8,072 0.028
NG I8 -4, 352 1.913 0.008 0.082 0.070 0.013
] ] -0, 245 2,345 0.015 0.037 4.070 3,017
14 32 -0,094 1,798 0.033 8.1 0.053 0.048
T0TAL AMEY 1/76-8/85 3 1.459 0.1 g.134 0.084. 0.051
UK 12 -0, 045 1.395 0.073 9.131 0.035 0.0%4
FR ] -0.17% 1,333 0.033 0.073 9,039 0,035
%5 12 ~0), 253 1 3«7 0.023 9.150 0,094 0.93%
4] q -3.424 2,213 0,033 0,183 0,119 0 072
A 9 -0,223 1.579 9,054 0,953 0,023 0,047
12 NO4THS
?LTAL ECOHOMIST  &/81-12785 195 {.253 0,153 0.215 . 062 0.123
ht:| 0,443 [.319 0.027 6,132 9.113 $.219
F‘ 33 0.404 £.432 0.053 0,692 R 0:? 0.523
HE it 0.198 1,083 2,643 .07 .53 .02
5K 3 1,409 1,349 6,023 3.078 2.0 3 0,028
M ot 4,325 1,085 5,044 3,115 9,452 2,053
TraL ANMEY 1/74-8/85 b .43 8,192 .19 8,179 A.088
W 1 -(,293 woid Wil 9.185 G078 NI
FR ? -0, 281 1,180 9.555 8,04 8,070 2,520
55 12 =8, 751 0.7¢3 0,439 J.223 9,133 IS
Sd 9 -0,31 1,949 G,043 0,178 §.193 =0, G1k
oA 9 9.195 2.234 0.03% 4.109 0,053 0,034

%itesr 3 pis
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TABLE 4
TESTS OF FORMARD BISCOUNT UMBIASEDNESS

LS Regressions of ds{t+l) on fd{t)

& & A 2 E tes}
Data Set Dates B t: B=0 t: B=1 R LF a=0, B=1 . Prob > F
Econgaist Data 5/81-12/83 -0,5685  -0.3& -1.54 0.16 309 2.12 0,007
{1.017:;
Econ 3 Month 6/81-12/85 -1,209¢  -1.0% -1.911¢ 0.01 184 1,29 0.282
{1,1594)
Ecen & Nanth 6781-12/83 -1.981¢ L7 2,06 1t 0.07 174 1.47 0.191
{1.4449) )
Econ 12 Manth &/81-12/85 0.2892 0.3 -0.34 0.29 149 .3 0.005
{1.27331 .
EMS | Manth 10/84-2/85 ~13.552% -2.43 1 -2.39 18 0.21 171 2,67 0,024
{6.0000) '
HNS 3 Month 1/83-10/84 -5.2540 -2.91 112 -3.37 43¢ 0,50 183 12,01 0.300
{2.1508)
ANEX Data 1/76-7785 =2.2107  -2.30 3¢ 334t 0,23 88 2.8 8.067
{0.9523)
AMEY 5 Maath 1/75-7/83 ~L.4181 -1.92% <2711t 0.%% 45 2.42 0.041
{1,2438)
ANEX 12 Manth 1775-7/85 =24377 .03 11 -2.97 11 0.2 L4 1.84 0.157
{1.0549)

Watas: Mzthod of HMozents standard errors ars in parentheses. 8 Regresents significance at the
167 level, 8% and 143 represent sigaifizance 2t the 57 and 1% levaig, respectively,

FiletrptahZ.ukl
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TABLE Ja

CONPONENTS OF THE FAILURE OF THE UNBIASEONESS HYPOTHESIS

IN REGRESSICNS CF dS{t+1) ON FD{L)

Failure of Existence of Inplied
Ratianal Risk Presiua Ragression
Expectations Coefficient
{n {2} [-{1-(2)
Approxigate . a A A
Data Set Dates L B, Bay B
Econcaist Data 6/81-12/83 323 1.4 0.08 -0.57
Ecan 3 Month 6/81-12/283 196 2,31 ~0.10 -2t
Econ 4 Month 6/81-12/85 130 2.99 0.00 -1.93
Econ 12 Yenth 4/81-12/83 133 0.32 0.19 0.29
NS 1 Moath 10/84-2/85 176 13.39 0.18 -14.53
M5 I Month 1/33-10/84 128 6.07 t.18 =6.2%
AMEL Data 1/76-7/83 97 3.5 =0.03 «2.21
AKEX & Month 1778-1/85 it 3.43 =0.22 2,42
ANEY 12 Month 1/74-7184 4% 3.1t 0.03 -2.14

Fila:rrptahZ.wk!
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TABLE Sh

COMPONENTS OF THZ FAILURE OF THE UNBIASEDNESS HYPOTHESIS

IN REGRESSIGNS OF dS{tel) ON FOMB)

Failure of Existeace of Ispliad
Rational Risk Preaiua Ragrassion

Expectations _ Cosfficient

{1 {2) 1={1}=¢2)

Approxinata A A A
Data Set Dates N Brs By B

ECCN 3 KOuTH 8/81-12/83 190 2.31 -0.30 -1.2t
ik 38 7.3 -1 =520

R 8 -1.73 0.47 ..
5 38 7.49 -1.84 =5.45

U 38 3.03 -0.43 =3.4
M 38 LHL. -0.73 =393
ECON & NMONTH 6/81-12/85 180 2,99 0.00 -1.58
4 .S 7.04 =0.17 -3.87
fR 34 -1.31 0.21 2.10
kG 35 10,15 -0,38 -8.77
i 34 3.73 ~0.01 -4, 74

oA . 3 4,49 -0,18 =3.11

ECOW 12 MONTH &/81-12/85 153 0.52 0.19 0.2
UK k9| 1.87 0.93 -1.79
FR i -1.43 0.15 2.29

G b3 =0.13 0.15 0.94

&l i 0.94 0.25 <0.2
JA 3 3.09 =0.04 -2.05
NS 1 NONTH 10/84-2/88 174 13,39 0.16 =14.55
UK 4 L33 0.04 ~20.28
WG 44 10.34 -8.95 =0,39
SN 4 13.15 -2.89 -9.2%
Ja 44 4,58 1.10 ~10.48
Mg 3 MONTH 1783-10/84 1e8 8.07 1,18 8,25
UK 7 7.90 0.27 -7.15
W6 47 4.96 .5 -4, 48
S 47 7.90 0.09 ~4.98
34 L3 3.483 2.14 -4.37
RUEL & MONTH {75-7/85 o 3.83 =3,22 -2.42
4 12 .74 =0.13 -1.80

R 9 1.09 =0.03 -0.04

b 12 4.79 =063 <3135

& 9 53 =0.73 ~4.29

JA 9 .38 -0, 10 S
ST 12 MENTH 1175-7734 44 L 0.03 L)
pid i .53 ~0.49 -1.4%
fR 8 0.43 &332 0.7
3] i1 3.3 -0.40 =213
i ] 1.5% 0.38 =53
1A 8 9,38 0.12 -4

Filesrptab2.wk!
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TABLE &

TESTS OF PERFECT SUBSTITUTABILITY

OLS Ragreesions of E[ds(t+1}] on fd(t)

File:rptab2.wki

F test
Data Set Dates B t: B=.3 t: B=t R oF ]| a=0, 8= Proh } ¥
Econoeist Data 4/81-12/83 9.9887 3.33 1t -0.08 0.89 bt 1.4 28,40 0.090
10.1453)
Econ 3 Nonth b/81-12/83 T1.3037 3.t 119 0.79 1684 .58 16,55 0.000
(0.235N
Econ & Honth 6/81-12/85 1.9326 L4 411 0,19 0.89 13 1.37 92,06 0.000
{0.15%4)
Econ 12 Month b/81-12/85 0.9284  2.Bs 113 -0.48 0.91 184 1.# 85,82 0,000
10,1499}
BNS | Month 10/84-2/84 0.8415 0,20 -3.09 9.2t in 1.02 5,79  0.000
(1,7273)
NS 3 Month £/83-10/84 -0.1816 -1.59 7848 073 182 1.20 14.580  0.000
{0.4293)
AMEX Data 1/76-7185 0.9605 1,851 0.1k 0,64 9 0.74 a8 0,000
{0.2495)
AMEY & Month 1176-7/83 12165 3.4 it 1.4 4.71 45 1.45 6,32 0.000
' {0.2083)
AMEX 12 Month 1/756-7183 T8I0 1,77 -0.45 0.4 L 0.51 .10 0.000
{0.2759)

Notes: Mathod of Moments standard errors are in parentheses, ¢ Represents significance at the

102 level, 1% and 114 represent significance at the 5% and 171 levels, respectively.




25-May-84

TABLE 7
TESTS OF PERFECT SUBSTITUTABILITY

38LS Regressions of Elds{t+i}] ea fdit)

File:rptahZ.nwkl

average Prad > F

Data Sst Dates B t: Bs.3 t: B=f pii) oF a=), B=l

Ecenosist J Nonth 4/81-12/85 0.8723 2,81 §11 -0.%% 013 184 0.900
(0.1327)

Econoeist 4 Honth 4/91-12/85 9.8748  A.B3 #13 -~1.%58 0.32 184 0,900
10.0730)

Econosist 12 Honth 4/81-12/83 - 0.8378 4,28 113 -2.04 18 0.27 184 0.000
{0.0793)

MM | Nomth 10/784-2/24 -1.1535  ~1.58 2,06 11 0.2t 171 NA
{1,0445)

MMS 3 Month 1/83-10/84 0.4072 -0.10 <=1,99 3,33 179 0.000 '

£0.3334)

{1) Average p is the aean across countries of the first order auto-regressive coefficients,

Notes: Asyeptotic standard errors are in parentheses. $ Reprasents significance at the
102 level, 3% and $13 represent significance at the 5% and {1 levels, respectively.
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. TABLE 8
TESTS OF EXCESSIVE SPECULATICN
Regressions of E(s(t+1)]-s{t+} an E[dsit+1)]
Ftest Prob>F
Data Set Dates B t: B=0 t: B=t R DF it ] @, B=)
Econoaist Data 5/81-12/83 L0162 2,484 0.08 0.49 07 4,79 0.000
{0.4104) '
Econ 3 Month &/81-12/85 16841 3.46 #81 1.32 0.2 184 .91 6,010
{0.3444)
Econ & Nenth 4/B1-12/8% 2,538 L1 Lau 0.41 i74 3.9 0,002
10.4744)
Econ 12 Nonth 6/81-12/8% =0.3005 -0.57 -2.48 13 8,47 149 8,32 0,000
0.5241} .
MNS 1 Meek, I Month  10/84-2/24 1,258 354 113 o.72 0.24 414 8.7  0.000
{0.3544)
NS 1 Week 10/84-2/35 1.1476  3.90 83t .50 0.14 242 1.84 3.97  0.002
{0.2939)
MMS | Heek, SUR 10/84-2/85 0.7858 7.09 113 -1,93 % %.18 239 12,42 0,000
{0.1109)
HMS 1 Month 10/84-2/85 1.3068 2,76 131 0,43 0.28 in 311 0.010
£0.4741)
MMS 2 Heek, 3 Month  1/B3-10/84 .04 3.32 851 0.18 0.59 365 7{87 4.000
0,3159)
MHS 2 Week 1/83-10/84 10394 J.89 131 0.2% 0.23 182 .74 .40 0.000
{0.2870)
MMS 2 Week, SUR 1/83-10/84 1.046% 5,77 8311 Q.28 0.14 179 9.42  0.000
{¢.1813)
MHS 3 Month 1/83-10/84 1.0853 2,49 831 9,12 0.863 182 7.9% 0,900
10.3895)
ANEY Data 1176-2/83 2.6082 5,09 111 3.4 31 23 25 71 6,900
{0.5123}
AMEY & Honth 1/756-7/8% 2,369 LA LI 9,37 45 £22 0,092
{0,7358)
ANEX 12 Yonth 1/76-7/83 2.6382 4,54 11y 282131 0.5 &) 4,24 0.002
{0.5312)

Notess &1l regressions sacept those marked SUR are estiszated using OLS, with Method of Mosents standard errcrs (in

aarnﬁtﬁeses!. SUR regressions report asvaptetic standard errors, Durbin-Watson statistics are regorted for data

t2ts in which the forecast horizon is equal to the sanpling interval, 3 Reprecents significance at

the inY lav :l

ing I1) roaoresent siantficances 2t the S5Y and 1T lavcie. rocnarbivale
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TABLE 9

TESTS OF RATIONAL EXPECTATIONS

OLS Regressions of Elsit+l)I-s{t+1) on fd(t}

F test

Data Set ' Dates B t: B=0 R DF a=0, B=0 Prob }F

Economist Data &/81-12/83 14903 1.4t 0.48 509 LTS 2,009
{1.0580}

Econ 3 Maath &/81-12/83 25127 1,95 9.14 184 1.3t 0.254
£1,2918)

Econ & Month 6/B1-12/83 2,986 1.87 8 0.28 174 t.46 0.194
{1.5%74)

Econ 12 Nonth 4/8t-1278% 0.3174  0.42 0.47 149 Al 4.900
11.2290)

MNS 1 Month 10/34-2/84 15,3945 24210 0,20 171 2.5 ¢.030
{6.3320)

NHS 3 Month 178310784 6.0728  2.80 11 0.8 182 11,93 0,000
{2,3392)

AMEX Data 1/76-7/8% .52 273831 0.3 8 2.89 4,005
(1. 1675}

ANEY & Honth 1/76-7/85 J.6346 2,70 111 0.2% 45 3.30 0.009
{1.3437)

AMEX 12 Month 1767185 51081 2401 0.25- 0 1.43 0.210
{1,2954)

Nates: Method of Mosents standard errars are in parentheses. f Represents sigrificanca at the
10X level, 33 and 111 represent significance at the 5% and iX levels, respectively,

Filesrptah2.wkl
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Abstract

Three surveys of exchange rate expectations allow us to measure
directly thé expected rates of return on yen versus dollars, Expgctations
of yen appreciation against the dollar have been (1) consistently‘large, =
(2) variable, and (3) greater than the forward premium, implying that
investors were willing to accept a lower expected return on dollar assets,

At short-term horizons expectations exhibit bandwagon effects, while at

longer-tern horizons they show the reverse, A 10 percent yen appéeciation

generates the expectation of a further appreciation of 2.4 percent over the

following week; for example, but a depreciation of 3.4 percent over the
following year. A%t any horizon, investors would do better to reduce the
absolute magnitude of expected depreciation. The true spot rate process

behaves more like a random walk.




I Introduction

With most of Japan's restrictions on international capital flows
recently removed, the yen is now properly thought of as subject to thé
asset-market model of exchange rates; the demand fér yen versus ddllars
responds instantanecusly te the expected rates df return on the two assets.
The most evident component of vériatidn in recent years has been interest
rates, The differential hetween U.S. and Japanese interest rates <¢an be
used to explain the inereased demand for dollars and the sharp appreciation
of the dollar against the yen from 1979 to 198“, and the subsequent
reversal in 1985-86.' But the other major determinant of the expected
return difrerential; the-expected rate of future appreciation of the yen,
is much leas easily observed than intereat rates.

-.One view is that the'expected rate of depreciation één be
measured by the discount in the forward market. According to ﬁhis view,
the 3 per cent yen-dollar forward discount that prevailed in the early
1980 's represen;e& investors' expectations that the dollar would in the
future depreciate, presuﬁably back toward some equilibrium level. " One
implication i{= .that investors acting on this expectation =-- "speculators”
-= had a lower demaﬁd for dollars during the strong-dollar period than they
would have had acting solely on the basis of the interest differeritial or
other factors; in other words, speculation was stabilizing.

An alternative view is that therexpected rate of depreciation is

much clcser to zerc than to the forward discount. Many empirical studies

1Many papers discuss the role of the interest rate in determining the
yen/dollar exchange rate, especially since the 1979-80 liberalization.
Four examples are Amanoc (1986), Ishiyama (1985), Ito (1986) and Johnson and
Loopesko (1986}, ’
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have found ﬁhat the rationally, or mathematically, expected rate of
depreciation'is close to zero, l.e., that the exchange rate follows a
random walk; 80 there i{s a prima facie case that the same is true of
investor expectations. If expected depreciation is zero ("static, |
expectations"), then there is'né stabilizing effect in the form of
speculators éelling'a currency when it is strong. A more extreme view is
that there is a bandwagon effect: at each peint during the 1980-84 period,
the appreciation of the dollar against the yen generated expectations of
further future appreciation, notwithstanding the fact that the dollar was
selling at a forward discount against the yen. It would follow from this
view ﬁhat apeculators --again, defined as investors acting on the basis
of expectations of exchange Eate changes—— drove the yen/dollar rate to a
nigher levél than would have otherwise prevailed. It would follow that
speculators have exaggerated the reverse swing in 1985-86 as well. Whether
expectations are stabilizing or destabilizing in this sense is one of the
questions examined in this paper. , .

Another question, which would be of particular interest Eo
policy-makers if one were to conclude that exchange rates have been
undesirably unstable, is whether government intervention in the foreign
exchange market offers a way of affecting the exchange rate even in the
absence of a change in macroeconomic policy. The question of whether
intervention can have an effect, even if sterilized 3o as to leave the
money'supply unchanged, is generally ;hought to depend on the gquestion
whether yen and_dollar assets are imperfect substitutes in investors'

portfolios. Under the special case in which assets are perfect
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substitutes, investors will be willing.to absorb indefinitely-large
quantities into their portfolios, as long as the assets pay the going rate
of return, with no effect on the price of the asset. The condition one
would like to test is uncovered interest parity: risk-neutral investors
drive the yen interest rate into equality Wwith the dollar Iinterest rate
corrected for expected depreciation.

Exchange rate expectations are crucial for each of these
impoﬁtant questions, and for others as well. Measuring 1nveétors{
expectations is always difficult. Probably the most commonly-used measure
of expected depreciation is the forward discount, which arbitrage (in the
absence of barriers to capital flows) in turn equates to the interest
differential. But using the forward discount or interest differential
prejudges the question of perfect substitutability. The other common
approacﬁ is to assume that market expectations can be measured as the
mathematical expectation of the realized exchange rate within the sample
period, conditional on some particula} 1nformatioh set. But this approach
too prejudges much.

This -paper proposes a third measure, survey data on exchange rate
expectations, to answer various questions of interest regarding the

~yen/dollar market. The data come from three sources. The American Express

Bank Review surveys 250-300 central bankers, private bankers, corporate

treasurers, and economists once a year, with some surveys going back to

1976. The Economist's Financial Report has conducted telephone surveys of
currency traders and currency-room economists at 14 leading international

panks each six weeks since June 1981. Money Market Services, Inc. (MMS),
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has also been surveying approximately 30 currency traders by telephone
every two weeks since January 1983, and every week since October 1984,
These data are discussed and analyzed in Frankel and Froot (1985) and Froot
and Frankel (1986).2 The results reported in the present paper are new,
in two respects. First, they focus exclusively on the yen/dollar rate,
where the earlier two papers examined simultaneously the yen, pound, mark,
French franc and Swiss franc. Secondly, they distinguish between
short-term expectétions on the one hand--at horizons of one week, pwo weeks
or cne month--as reported iﬁ the MMS survey, and long-term expectations on
the other hand--at horizons of six months or twelve months--as reported in
the other two surveys. The short-term and long~term expectations turn out
to behave very differently.

In section 2 we relate expected depreciation as measured by the
surveys to the forward discount, in order to test the hypothesis of
perfect substitutability. 1In section 3 we investigate some standard models
of expectations formation--distributed lag, adaptive, and regressive
expectations. In eéch case one motivation is to see if expectatiohs are
stabilizing, versus the alternative of static or even bandwagon
expectations. 1In each case a second motivation, which we pursue in section
4, is to test whether the expectations formation process 1s similar to the
process describing the mathematical expectation of the actual spat rate,

that is, whether the expectations are unbiased conditional on the

2The first paper investigates how investors form expectations from the
contemporanecus spot rate and other variables. The second paper
investigates the standard regression equation of exchange rate changes
against the forward discount. Both papers include tests of the proposition
that the expectations measured in the survey are unbiased.
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particular information set. Included here is a test of the proposition
that investors would do better in forming their expectations if they put
more weight on the contemporaneous spot rate and less weight on other

variables., Finally in section 5 we briefly summarize our findings.

II. The Forward Discount: Risk Premium or Expected Depreclation?

OQur first question is whether investors treat assets denominated
in yen and dollars as perfect substitutes. If positions in different
currencies were perfectly substitutable, investors would be indifferent
between holding open positions in foreign assets and selling the assets
forward. This would impiy that the forward discount exactly equals the

expected depreciation of the currency:

k

e
(1) Ast+k - rdt

where fd is the forward discount at term k {(the log of the current forward rate
. +
minus the log of the current spot rate) and As:+k is the log of the

expected spot éate k periods into the future minus the log of the current
aspot rate. On the other hand, if investors need to be rewarded for
exposure to the additional risk of holding an open pesition in the foreign
currency, they will demand a risk premium in addition to the forward rate:

e K kK
(2) Asc,, = fd. - rp .
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Because both expected deprec;ation, As®, and the risk premium rp,
are unobservable, additional information or assumptions are required to
isolate them. If, for example, we were to assume that realized future spot
rates are unbiased measures of expected spot rates, then we could estimate
expected depresciation (and therefore the risk premium) from the time-series
of realized depreciation.3 A second method of identification would be
to assume the validity of a particular model of investor portfolio
optimization (such as Hodrick and Srivastava (1984) or Frankel (1982)) and
use it to obtain estimates of the risk premium. A third approach, the one
taken in this paper, i3 to employ survey data on expected depreciation.
While surveys of agents' expeétations may in many contexts be less
desirable than data on their actual market behavior, the surveys are direct
estimates that do not require us to assume any particular model of expected
depreciaﬁion or of the risk premium.

First we look at simple averages over the sample period.

{Below we will consider variation over time.) In Table 1 we present the
time~series means for each set of survey data. The results are ofdered by
length of forecast horizon, from the shortest-term ocne-week expectations,
to the longer-term one-year expectations. The surveys cover a wide variety
of sample perlods as well. In the first column, averages of actual
depreciation are reported. During the periods of the cne-week and
one-month MMS surveys, from October 1984 to February 1986, the dollar

depreciated against the yen at an annual rate of 27.5 percent. During the

3pPerfect substitutability, or uncovered interest parity (which, given
covered interest parity, is an equivalent condition), is tested for Japan
versus the United States by Ito (1984) and McKenzie (1986).
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period covered by the three-month MMS §urveys as well as the three, s3ix and
twelve month Economist surveys, the rate of depreciation is much smaller.

Column (2) reports corresponding averages of the survey expected
depreciation. It is clear that the time-series means of realized:
depreciation perform very poorly as measures of the investors' expectations
reported in the surveys. In contrast to the considerable swings in the
aign and magnitude of average actual spot rate changes, the survey
consistently called for upward movements in the value of the yen against
the dollar. The expectations are the same in sign, but larger in magnitude
than the time-series averages of the forward discount reported in column
(3.

The last column in table 1 presents the risk premium on dollar
denominated assets as'implied by the surveys. Strikingly, during both
periods of appreciation and peribds of depreciation the risk premium is
negative. Far from regarding the two assets as perfect substitutes,
investors appear to be willing to sacrifice the substantially higher
e#pected returns from holding yen in order to held dollars. Indeed, the
magnitudes are surprisingly large. In the three-month Economist data, for
example, respondepts expected they could earn an additional 7.99 percent
per annum on asaets denominated in yen as compared with dellars. It is
hard to justify such large exchange risk premia using the theory of optimal
portfolio choice with conventional estimates of risk-aversion (Frankel
1985, and Mehra and Prescott 1985).

One egplanation proposed for why investors were willing to hold

dollars at lower expected rates of return is that the U.S. provided a "safe
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haven™ from capital controls and other political risks (for example, Dooley
and Isard, 1985; but see Frankel and Froot, 1986). Grounds for this
argument seem especially lacking vis~a-vis the yen: Japan was not directly
involved in either the Latin American debt crisis or concerns of
"Europessimism", and the 1980's have been a period during which Japanese
financial markets have been steadily liberalized, if anything reducing
fears of prospective capital controls. Furthermore, only exchange rate
risk should in theory be relevant, not factors rediating to fhe political

Jurisdiction of Japan, because the spot and forward rates are determined .
offshore {n the Eufomarket. But whatever the reason, table 1 suggests that
investors.distinguish between assets denominated in different currencies,
demanding ; higher return on the yén than on dollars. This {s also ¢clear
in Figure 1.

While the evidence so far indicates that a risk premium exists,
it 1s not necessarily evidence that the risk premium faries over time. The
proposition that the risk premium is time-varying rather than constant
comes out of most of the coﬁventional empirical literature on the forward
market, as well as the theory of optimizing investors, and is alsc a
property of models in whi&h sterilized foreign exchange intervention has
important effects.

Thus we would also like to know Qhether changes in the forward
discount indicate a changing risk premium. The degree to which changes in

the forward discount reflect changes in the risk premium can be inferred

from a regression of expected depreciation on the forward discount:
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k

e k
(33 As =q + B?dt Y ey

t+k

The null hypothesis in equation (3) is that assets are perfect substitutes,

i.e., a=0 and 8=1. The coefficient, B, converges in probability to:

e k k
b = cov (As t+k’fdt) / var (fdt)

= 1= [ cov (r‘p:‘:, fd:) / var (fdt) 1.

A finding that 8 is near zero or less than zero is evidence that changes is
the forward discoun£ reflect changes in the risk premium, while a finding
that B is near oﬁe is evidence that such changes in the forward discount
reflect something else, nameiy equivalent changes in expected
depreciapion.u

| The conventional‘épproach to testing equation (2) uses ex post
sﬁot rate changes to infer the behavior of the unobservable market expected
depreciation. Under the assumption of rational expectations, the future
spot rate realizations are viewed as noisy measures of investors’
expectations. This noise is assumed to be uncorrelated with the forward
discount, and therefore can be identified with the residual term in

equation (3). Table 2 reports estimates of equation (3), using ex post

Bpama (1985), Hodrick and Srivastava (1984, 1986) and Froot and Frankel
(1986) discuss whether changes in the forward discount primarily reflect
changes in the risk premium or in expected depreciation.
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changes in the spot rate as the lefthand-side variable.? All of the
point estimates of b are less than zero, and most are significantly less
than one. The conventional approach wbuld therefore seem to imply that
changes in the forward discount predominantly reflect changes in the risk
oremium.

Qur alternative test of equation (3) uses the survey expected
depreciation on the lefthand side, in place of the actual spot rate change.
The existence of hetercgeneous bellefs, the use of the median survey

-

response, and the lack of perfect synchronization, are reasons to suspect
that the surveys méy also be noisy estimates of market expectations. Now
the error term in the regression equation may be Interpreted as measurement
error in tée surveys. We make the assumption that this measurement error
is random, which is analogous to the assumption of ratiénal expectations
-used in fhe conventional technique above, 1l.e., that the expectation error
is random.

Though the two approaches are analogous, there are several
reasons to prefer the surveys to the'actual spot rate data in tests of
equation (3). The first is that, under the hypothesis that both actual

spot rates and the surveys contain only the market expectation plus purely

random noise, the noise element in actual spot rate changes turns cut to be

5a11 of the regressions in this paper are estimated using OLS. The
Economist surveys, MMS one-month and three-month surveys, and the AMEX
twelve-month survey were conducted at intervals shorter than their
reapective foreeast horlzons. This implies that the error term in equation
(2) is serially correlated even under the null hypothesis. Consistent
estimates of the standard errors were cobtained by the usual method of
moments procedure (see Hansen and Hodrick (1980), or Froot and Frankel
(1986) for a more detailed description). For additional information on the
construction of the data sets used in this paper, see the appendix to
Frankel and Froot (1985).
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much larger than the noise element in the surveys. In Froot and Frankel
(1986, table 3) we report estimates of the variances of actual and survey
expected spot rate changes and find that the former is greater by a factor
of 7 to 10. This implies that, for any given sample, a more precise
estimate of b may be obtained by using the surveys. A second reason to
prefer the surveys i{s that they free us from imposing the restrietion that
there are no systematic prediction errors in the sample, a proposition that
we would like to Berable to test rather than impose.

-

Such systematic errcors, which the conventional technique must assume away.
could cccur becausé of a failure of rational expectations, or because
important events which affect expectations did not happen to ocour a
representa;ive number of timés in the sample {the "peso problem"),
rendering the ex post distribution of spot rate changes a blased estimator
of the éx ante distribution.

Testé of equation (3) using the survey data on the lefthand side
are reported in table 3. In each of the seven data sets the estimates of b
are greater than those in table 2. In most cases we cannot reject the
hypothesis that b equals one. In other words, we cannot reject the
hypothesis that the survey risk premia reported in table 1 do not vary over
time. There is not even much sign that the risk premium on yen had an
exogenous downward trend during the 1981-85 period, as it would under the
hypothesis that internationalization was causing investors around the world
to become more willing to hold yen. (Figure 1 shows, on the négative axis,

the risk premium on dollars, l.e., the forward discount or interest

differential minus the expected appreciation of the yen.) 1In all cases,
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however, we can reject the hypothesis qf perfect substitutability, a=0 and
b=1 jointly. 1In other words, the risk premium does show up in the constant
term.

To summarize, in Table 3, as in Table 1, it appears that the ex
post depreciation may be a very poor measure of expected depreciation.
Table 3 provides evidence that changes in the forward discount reflect
primarily-changes in expected depreciation rather than changes in the risk

premium.

I11. Models of expected depreciation

The results from the first three tabies suggest that there is
information on expectations in the surveys which is not contained in either
realized spot rates or forward rates. We may thus gain new insights by
using tﬂia data source to reexamine several old formulations of exchange
rate expectations that are standard to the literature.5

A 3enerai framework for testing various specifications of
expectations is to model expectations of the future spot rate as éiving
some weight to-the contemporaneous spot rate as well as some weight to
other variables in investors' information set. In each case below, our
null hypothesis wili be that of static expectations: Investors place a
weight of one on the contemporanecus spot rate and a weight of zero on the
"other information, so that expected depreciation is zerec. The alternative
hypothesis depends on the precise variable chosen to repfesent the "other"

information. Spppose, for example, that investors assign a weight of g to

6The tests reported in this section are similar to those reported in Frankel
and Froot (1985) for the dollar against five other currencies. But they

did not include the results for the shorter-term forecast horizons.
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the lagged spot rate and a weight of l-g to the current spot rate in

forming their expectations of the future spot rate:

e .
) Srek T {(1-g) s, * gst_k’ :

where s¢ is the logarithm of the current spot rate. Subtracting sy from
both sides we have that expected depreciation is proportional to the

most recent change in the spot rate:

(5) dsg,, = =g (s,-s )

We term the model in equation (5) extrapolative expectations. If
investors place positive weight on the lagged spot rate, so that g is
positive, then equation (4) says that investors'.expected future spot rate
is a simple distributed lag. On the bther hand, If i{nvestors tend %o
extrapolate the most recent change in the spot rate, so0 that g is negative,
then equation (5) may be termed "bandwagon" expectations. In thi{ latter
case a current appreciation by itself generates expectations of further
future appreci;tion. By defining "speculation" as the buying and selling
of yen in response to non-zero expected exchange rate changes, we can
interpret a finding of g>0 as implying that speculation is stabilizing and
a finding of g<0 as implying that speculation is destabilizing.

Table Y4 reports regression éétimates of equation (5}, using the
survey expected depreciation as the lefthand-side variable. The regression
error can be interpreted as random measurement error. Under the joint

hypothesis that the mechanism of expectations formation is specified
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correctly and that measurement error i; random, the parameter estimates are
consistent. It should be noted that the joint hypothesis is a particularly
strong assumption because the spot rate appears on the right-hand-side; if
a change in expected depreciation feeds back to affect both the
contemporaneous spot rate and any element of the regression error, then the
estimate of g will be biased and inconsistent. However this is not a
problem under our null hypothesis that expected depreciation is ednstaht.

The findings are once again ordered by the length of the'forecast
horizon. It is immediately evident that the shorter-term expectations --
one week, two weeks and one month =-- all exhibit large and significant
bandwagon tendencies: that g < 0. In the one-week expectations, for
example, an appreciation of 10 percent in one week generates the
expectation that the spot rate will appreciate another 2.4 percent over the
next sefen days.

In contrast with the shorter-term expectations, the longer-term
results all point toward distributed lag expectations, the stabilizing case.
Eaeﬁ of the regressions at the 6 and 12 month forecast horizons estimate g
to be significantly greater than zero.! The Economist ?2 month data,
for example, imply that a current 10 percent appreciation by itself

generates an expectation of 3.4 percent depreciation over the coming 12

months. Thus longer-term expectations feature a strongly positive weight

TIn Frankel and Froot (1986), we correct for the low Durbin-Watson
statistics in similar regressions using five different currencies (and
those in Tables 6 and 7) using a three stages least squares estimation
technique which allows for first order serial correlation in the residuals.
The technique is not repeated here since the corrected results obtalned in
that paper are very similar to the uncorrected OLS estimates.
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on the lagged spbt rate rather than complete weight on the contemporaneous
spot rate, and in this sense are stabilizing.
A second popular specification for the expected future spot rate
is that it is a weighted average of the current spot rate and the

long-run equilibrium spot rate, 3:

e -
(6) Seag " {(1-8) 8¢ +_e Sy

or in terms of expected~-depreciation:

e -
(T Ast+k =0 (3 - St)

If © is positive, as, for example, in the Dornbusch (1976) overshooting
model, the spot rate (s expected to move in the direction of s.

Expectations are therefore regressive. Alternatively. a finding of 8 < 0
implies that investors expect the spot rate to move away from the long-run

equilibrium.
Table 5 presents tests of equation (7). Estimates of changes in s

were calculated using CPI's to measure changes in the relative price levels
in the U.S. and Japan, under the assumption of purchasing power parity
(PPP). Once again, there is strong evidence that shorter-term expectations
are formed in a manner different from longer=-term expectations. The
shorter forecast horizons all yield estimates of that O are negative,
additional evidence that shorter term speculation may be'destabilizing.

Indeed, the 1-week data suggest that the contemporaneous deviation from the
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- 15 =
long-run equilibrium is expected on average to grow by 3 percent over the
subsequent seven days. In other words, short-term expectations are
explosive. What about the longer-term horizons? In Frankel and Froot
{1985) we found a highly significant speed of regre;sion at the longer-term
horizons. The longer-term estimates of © in table 5 do not, however,
exhibit regressivity for the yen that is as highly significant. Cnly the
Americén Express 12-month data, which is available as far back as 1976,
shows an estimate that is significant even at the 10 percent.level. It may
be that relative CPI's é}e net the appropriate indieator of the equilibrium
yen/ dollar rate. It has been suggested that due to rapid productivity
growth in Japan, Japanese producers gain in international competitiveness
even to thé extent that PPP is observed to hold. Marston (1986)
demonstrate; that even though estimates of real exehange rate changes using
CPIs shoﬁ real appreciation of the yen against the dollar over the last
decade, estimates usingrmanufactured goods prices give a very different
answer, 8

The final specification we consider is adaptive expectations. In
this case, agents are hypothesized to form their expectation of the future

spet rate as a welghted average of the current spot rate and the lagged

expected spot rate:

e e
(8) St k" (1=7) s, * Y S

8see also Krugman (1986) and Johnson and Loopesko (1986).
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Expected depreciation is now proportional to the contemporaneous prediction

error:

(9)- IR (s: -5

t+k ).

t

Table 6 reports estimates of equation (9). Once again, the
weight pilaced on the variable other than the con;emporaneous spot rate, in
this case the lagged expectation, is sensitive to the forecast horizon of
the surveys. Shorter-t:rm exbectations again appear to be strongly
destabilizing, while tﬁé longer~term expectations-are significantly
atabilizing. For example, the cne-week data indicate that an unanticipated
appreciatidn of 10 percent by itself generates an expectation of
continued appreciation over the subsequent seven days of 1.3 peﬁcent. At
. the other extrehe, the Economist tqelve meonth data suggest that an
unanticipated appreciation of 10 percent generates an offsetting
expectation of depreciation of 1.5 percent over the subsequent year.

The reéults of Tables 4, 5, and & suggesﬁ that in all three of
our standard models of expectations=--extrapolative, regressive and
adaptive--short-term and long-term expectations behave very differently
from one another. Longer-term expectations consistently appear to be
stabilizing, while shorter-term forecasts seem to have a destabilizing
nature., Within each of the above tables, it is as if there are actually
two medels of ;xpectations operating, one at each end of the spectrum of

forecast horizons, and a blend in between.
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It may be that each respondent is thinking to himself or herself,
"I know that in the long run the exchange rate must return to the
equilibrium level dictated by fundamentals, But in the short run I will
ride the current trén; a little longer. I only have to be careful to watch
f'or the turhing point and to get out of the market before everyone else
does." If this is the logic of the typical investor, then he is acting
irrationally; it is not possible for everyone to get out before everyone
else. But s¢ far we have not presented any evidence'that the actual spot
process behaves difrere;tly from investors' expectations. We consider Suih
evidence in the roilowing section.?
IV. Rationality of the Survey Expectations

Now that we have a sense for the behavior of the survey ékpected
depreciation, we turn to an analysis of whether the predictable component
of the true spot process behaves in the same way, i.e., whether
expectations are rational. One way to proceed would be to re-estimate each
of the models given in equations (5)=-(8), only now using realized
depreciation as the lefthand-side variablé. The hypothesis that

expectations are rational would imply that these regressions should yield

90ne possibility is that the MMS short-term survey is picking up
predominantly the expectations of floor traders, pecple who buy and sell
currency on a short-term basis, and that the other two, longer-term,
surveys are picking up predominantly the expectations of investors who have
a longer~-term perspective. Under this interpretation, it may be that the
traders have developed the habit of ignoring economic fundamentals in their
expectations formation, rather going with time series trends {as in
"chartism™ or "technical analysis"), and that the latter group pays more
attention to fundamentals. The chartist/fundamentalist dichotomy and its
implications for the determination of the value of the dollar in the 1980s
are pursued in Frankel and Froot (1986).
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coefficients that are.statistically indistinguishable from those obtained
earlier using the sur#eyé on the lefthand side. A more direct way to test
the same hypothesis is to regress the difference between the survey .
expectation and the actual future spot rate, the survey prediction error, ;
on each set of regressors in equations {5)-(8). Under the null hypothesis
that expectations are rational, this prediction error should be purely

random {(conditionally independent of all information available at time t)

and therefore should be uncorrelated both with the righthand-side variables
and with past errors. We teat whether the coefficients are jointly zero. s
Table 7 reports regressions of the aurvey prediction errors on
the most recent change in the spot rate, The estimated F statistics give
some evidence of systematic¢ expectational errora: five of the nine data

-sets reject the joint hypothesis that both the constant and slope

coefficients equal zero. In view of the discussion In the previous
section, an inspection of the slope coefficient, g, can help us to
determine whether investors place the correct weight on the lagged spot
rate. A finding of g1>0 would indicate that expectations are

"insufficiently” extrapolative: investors give too much weight to the

lagged spot rate and too little weight to the contemporaneous spot rate
relative to what is raticnal. Conversely, a finding of g,<0 would indicate
that expectations are "overly" extrapolative. Table 7 suggests that
predietions at the shorter forecast horizons tend to be overly
extrapolative, while those at the longer horizons are insufficiently
extrapolative. ' Such a pattern suggests that the contrast in Table 5

between the behavior of short-term and long~term expectations is too

-
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extreme relative to what the actual process generating spot rate changes
would predict. Few estimates of g¢, however, are significantly different
from zero. There is thus not enougﬁ evidence so far to conclude that, at
any of the reported forecast horizons, investors place too little or too

much weight on the lagged spot rate relative to what is rational.

In Table 8 we test whether investors' expectations give the
correct weight to the long-run equilibrium spot rate, 8. Here the
results are surprisingly consistent across all of the forecast horizons:
expectations seem to be-insuffieiently reégressive iﬁ that they give less-
weight to 3§, and therefore more weight to the contemporaneous spot rate,
than does the true process governing the ﬁehavior of the spot rate. In
Table 9 we‘perform the analogous teat using lagged expectational errors on
the righthand side. In this case, the alternative hypotheses are that
expectations are either overly or lnsufficiently ;daptive. As in Tablé Ty
the results in Table 9 do not sugéest any clear tendency on the part of
investors to give too much or too little weight to the most recent
expectational prediction error.

The tests of rational expectations presented so far in Tables
7=9 are appropriate when we take as given the specific models of
expectations formation discussed in the previous section. Each regression
was designed to test whether investors assign the correct weight to a
single element in thelr information set when'predicting the level of the
yen/dollar rate. 1If, however, both expectations and the true spot process
depend'on otﬁer_unspecified information, then the above tests of

rationality are not necessarily the most enlightening nor the most powerful.



- g9jeWTIS9 Sjudwou JO poyzau a1e s1011s3 pIepuerls .g1ojeweied adadiajujuou TT® uo 1593
g ue 03} spuodsailod H *foA91 juaniad 1 9yl 3e aouwotjtubys sjuosaxdod sxyx 19491 Juaoaad g
ayl 3¢ aoueoIjTUbIS gluasoiday sy "T200Y quaoiad QT 3yl e aouesjITUbYS gjuasaidoy "

cusk 1od saelTop Jo swiay ui aI1e sojvil abueydx? po3joadxa pue Tenioy

{L06S°0)

La"0 00°0 9 Y10~ 6080°0- c8/8-9L/1 Yuol 21 Xoun
(9L0€£°0)

axy E6°1V 99°0 6t A wxy CT°V- 166C°1- GB/ZT-18/9 yauonw ¢1 3sTwouodd
(s522°0)

90 Lo*0 L 08° 0~ 60810~ cg/8-9L/1 YIucH 9 Xound
(081£°0)

xxx I8°L G690 Ve wyx PE'E- GE90° 1~ cg/21-18/9 YIuon 9 3sTwoucdld

- (Z£61°0) .

ge°¢ rAARH 9t LS 1~ ovoE"O- c8/21-18/9 YIucH t 3sTwouodd
{s9LZ°0)

xxx £9°9 6€°0 114 an BEC- 9.69°'0~ v8/01-£8/1 - YIUoH £ SHK
(S¥1T1°0)

[A S ! 200 LE vy o- 2050°0- 9g/¢-v8/0T Yy3jucH T SHH
| ; (10£0°0)

sen £9°L £€S°0 \14 sey TCTE~-. 0G6CZ 0~ ye/01-€8/1 Ho9M ¢ SHW

. (L620°0) ,
g1 Q10 €S 10°1- 6620° 0~ 98/2-¥8/01 RooM T SHH
0="9 '0= < ad 0=10:3 '8 sajed . 385 e3led
3893 4 ’ JUSTOTFIB00 :

{ (3)5 - (3)8 1'6 + & = (T+43)8 - [(1+3)8) & 15310113 Teuoflelzdadxd Xoaaing 3o suoissaibay 510

ddd wnygaqirinbd unyg buol
(3)s - (3)8 9rqeraea juapuadapul
SNOIINIOIAXd FAISSAUDAU NI sVIig
g H14YL

98/11/80



+§93PWTIS? SIUIWOW JO POYIDW.dIe SI0III paepuels -s1ajowered jdaolajufuou Tie uo 3sS3l

d ue 03 spuodssaaod (H  *T3A9T quaniad 1 8yl e I0ULDTITUDIS s3uas51day xusx ‘TIAIT juaoxad §
aya e aouedtITubys sjuasaaday xx TIADT ausoxad (1 2143 e aoueofITubTs siuasaaday "

suak 1ad sae[lop 3JO SWId) UT I1e sSIjel abueyoxa pajoadxa pue Teniody

(sL1€°0)
xyn PL°TT 0E°0 12 » ¥6° 1~ 1L19°0- 58/Z1~18/9 YIUoW TT ISTWOUOIY
{169€°0)
se°tl 00°0Q 67 81°0 8990°0 G8/ZT-18/9 Y3IUoW 9 ISTWOUODZ
{G861°0) .
x» BE'E ZE£°0 £E xx 90°C ) A G8/2T-18/9 YIuoK £ ISTWOUODF
(6962°0)
112 1070 6t ve o~ 01010~ y8/01-€8/1 Y3juon £ SWH
) {6152°0}
0£°¢ 1070 £t 6C°0- CCLO O~ 98/2-¥8/0¢% yjuol T SHH
. (TIVT*0)
PL°T 50°0 vy 89°0 1960°0 y8/01-€8/1 {oaM ¢ SHH
{1S€T°0)
Z5°0 1070 ¥s £C°0 90€0'0 98/7-v8/01 _ %93M 1 SWH
0="p ‘0=¢ x| 4ad . 0='% 33 'R seojeq _ 195 elyeq
1893 4 JUSTOTIFO00

( ()8 - [ (3)s HT-3)3 YA + 2 = (T+43)8 - [(1+3)Ss]) B :sx0axld {euoyieldadxy Asains 3o suotssoabad STI0

(3)8 - [ (3)s }(1-3)d :oTqeraea Juapuadopul
SNOILVIOAdXE BAILAVAY NI SVId
¢ A7EYL

98/11/80



-21-
A more robust test would ask whether expectations assign too little weight
to the contemporaneous spet rate and‘(by default) £oo much weight to all
other variables in their information set. This test is performed by

regressing the survey prediction error on the survey expected depreciation:

e e
8. ,=a+b (s

(10) Stk Spek LK

T3t e

and testing the hypothesis that the coefficients are jointly zero. The
alternative hypothesis s that investors place too much (or too little)
weight on variables other than the contemporaneocus spot rate relative to
what i3 rational. Following Bilson (1981), we term this alternative
hypothesis' "excessive speculation", because investors could improve their
forecasts by consistently reducing toward zero their expectations of
deprecidtion.

Table 10 reports our estimates of equation (10). Here we find
much more evidence of systematic expectational erroré in the surveys. All
but one of the data sets reject the hypothesis that the constant and slope
parameter are Jjointly zerc. Four of the seven estimates of b are also
statistically different from zero, so there is considerable evidence of
excessive speculation. Unlike the results of the preceding tests of
rationality, our estimates here are uniformly positive and do not appear
related to the length of forecast horizon. In every case we are also
unable to reject the hypothesis that b=1, which would imply that the
expectations contain no useful information at all as to the futdre spot

rate, i.e., that the spot rate follows a random walk.
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We mentioned earlier the possibility of measurement error in the
survey data. In any of the regression equations where the expectations
variable appears only on the lefthand side, namely the cases of
extrapolative expectations (Tables 4 and 7) and regressive expecaiions
(Tables 5 and 8) random measurement error does not impair the regression
estimates. But in the case of adaptive'expectations (Tables 6 and 9), as
well as in the present case of excessive speculation (Table 10), the
expectations variable appears also on the righthand side of the equation,
so that measurement error would affect the estimates.

When the Issue of possible random measurement error in these
regression equations is addressed the results are qualitatively unchanged.
In the test for excessive speculation we can eliminate the problem of
measurement error (S0 long as it is randomi by using ihe forward discount
as the righthand=-side variable. Table 11 again shows systematic
expectational errors: Investors could dé better by routinely betting

against the forward discount.!C .

103ee Froot and Frankel (1986) for further explanation. In the case of
estimating adaptive expectations, we would argue that the bias introduced,
though nonzero, is small, because the variance of actual spot rate changes
is approximately 10 times larger than the variance of expected depreciation
(Table 3, ibid.).
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V. Conclusions .
{1) The survey data on exchange rate expectations appear to contain new
information about market expectations which is not apparent from either ex
post spot rate changes or the forward discount. OQur measures show that,

despite the large swings in the value of the yen in the 1980s, the surveys

consistently called for a large appreciation of the yen against the dollar.

(2) These measures of expected appreciation are also substantially in
excess of the forward premium. An implication is that investors were
willing to accept a lower expected rate of return on dollar assets than on

comparable assets denominated in yen.

(3) Contrary to what is commonly assumed in most models in which
'sterilized foreign exchange intervention is effective, variation in the
forward discount does not reflect a statistically significant'degree of

variation in the risk premium. '

(4) Variation -in the forward discount primarily reflects, instead of

changes in the risk premium, changes in expected depreciation.

(5) The expectations given in the short-term surveys exhibit bandwagon

effects, which could imply that short-term speculation is destabilizing.

(6) Expectations at longer-term horizons, in contrast, appear to put less

than full weight on the contemporaneous spot rate and positive weight on
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several other variables such as the lagged spot rate, the long=-run

equilibrium spot rate, and the lagged expected spot rate.

(7) Investors could improve both their short-term and their long<term
forecasts by reducing the absolute magnitude of expected depreciation
toward zero. This finding of "excessive speculation™ would follow from the
result that expected depreciation is not zero together with the popular

hypothesis that the true spot process follows a random walk.
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