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ABSTRACT

Forward exchange rate unbiasedness is rejected in tests from the current floating exchange
rate era. This paper surveys advances in this area since the publication of Hodrick’s (1987)
survey. It documents that the change in the future exchange rate is generally negatively related
to the forward discount. Properties of the expected forward forecast error are reviewed. Issues
such as the relation of uncovered interest parity to real interest parity, and the implications of
uncovered interest parity for cointegration of various quantities are discussed. The modeling and
testing for risk premiums is surveyed. Included in this area are tests of the consumption CAPM,
tests of the latent variable model, and portfolio-balance models of risk premiums. General
equilibrium models of the risk premium are examined and their empirical implications explored.
The survey does not cover the important areas of learning and peso problems, tests of rational
expectations based on survey data, or the models of irrational expectations and speculative
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I. Introduction

In 1987, Robert Hodrick surveyed the tests of efficiency of forward
markets for foreign exchange. At that time, the most puzzling aspect of
forward market behavior was that there appeared to be a large conditional bias
if the forward rate were used to forecast the future spot exchange rate.
Hodrick concluded, "We do not yet have a model of expected returns that fits
the data" (p. 157).

This paper is intended as a survey of the developments in the empirical
literature on forward market efficiency since the publication of Hodrick’s
book. Dozens of papers have been written which explore this issue. This
paper is limited in scope. We will examine a few of the major findings, and
provide a framework for judging the significance of recent research.

The conclusions of the survey can be summarized as: First, empirical
tests routinely reject the null hypothesis that the forward rate is a
conditionally unbiased predictor of future spot rates. Second, models of the
risk premium have been unsuccessful at explaining the magnitude of this
failure of unbiasedness.

Some progress has been made toward understanding the empirical findings
when one allows for peso problems, learning, and possibly a group of agents
whose irrational expectations lead to speculative bubbles through a bandwagon
effect. A likely outcome of future research is that risk premia, peso
problems, learning, irrational speculative bubbles, as well as the effects of
small transactions costs will be found to play a role in explaining forward
rate bias. However, this survey is limited only to those studies which have
assumed rational expectations and attempted to attribute the forward rate bias

to a foreign exchange risk premium.



A useful starting point is to consider the regression of the change in
the log of the spot exchange rate on the forward discount (expressed in log
form):

(1) s -5, =a+ B(ft—st) + u

t+1 t+1

where s, is the log of the spot price of foreign currency at time t, ft is the
log of the one-period forward exchange rate at time t, and u, is the
regression error. This regression appears frequently in the literature.
Generally, the null hypothesis tested is that « = 0, 8 = 1 and ut+1 has a
conditional mean of zero. Under that null hypothesis, the log of the forward
rate provides an unbiased forecast of the log of the future spot exchange
rate.l

Let E represent the estimate of 8. If the estimator is consistent, we

have

s -s)
t t+1 t
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where Var() refers to variance, and Cov() is covariance.

If expectations are rational, then

s - s =E (s
t t t+

) - s +¢
t+1 1 t
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where Et represents the mathematical expectation conditional on information
available to the market at time t, and with £t+1 uncorrelated with time t
variables. In that case,

Cov(f -s ,s =-s ) = Cov(f -s ,E (s )-s ).
t ot t t ottt t

t+l
We shall define

re _ -
(2) rp, = ft Et(st+1)'

1 See section II.B below, which relates the null hypothesis to risk-
neutral behavior of investors.



The term rp:e refers to the foreign exchange risk premium. The notion is that
under risk neutrality, agents would drive ft into equality with Et(st+1), S0
that expected profits from forward market speculation would be zero. If

ft > Et(st+1). then the investor incurs a premium from buying the foreign
currency forward at time t relative to its expected price on the spot market
at time t+1. Later we shall examine more closely the meaning of "risk

premium" in this context. The superscript "re" refers to the risk premium

when expectations are rational.
Since, from equation (2) we have that
- _ - re
Et(st+1)~st = ft s, ~ TP, »
we can write
Cov(f -s ,E(s )-s ) = Var(f -s ) - Cov(f -s ,rp )
t tT Tt tel t t ot t ot t
- - - - re - re
Var(ft st) Cov(Et(st+1) s TP, ) Var(rpt ).
We have

pLIm(B) = 1 - B,

where

re re
) Cov(Et(st+1) s,» TP, ) + Var(rpt )

B = -
rp Var(ft st)

This formulation is interesting because, in fact, when equation (1) is
estimated, a consistent finding is that E < 1, which means Brp > 0. Bilson
(1981) and Fama (1984) document the finding that E < 1. Many recent studies
have confirmed that finding, not just for dollar exchange rates, but for a
large number of exchange rates and time periods (see, for example, Bekaert and
Hodrick (1993), Backus, Gregory and Telmer (1993) and Mark, Wu and Hai

(1993).). Froot (1990) notes that the average value of 5 over 75 published



estimates is -0.88. Only a few of the estimates are greater than zero, and
none is greater than 1.

It appears from the definition of Brp that low values of E can be
explained under rational expectations if Var(rp:e) is large. But, as Fama
(1984) notes, to explain a value of B < 0, we need Cov(Et(st+l)—st,rp:e) <0
in models of rational expectations. Specifically, B8 < O implies

Var(f -s ) < Cov(Et(st+1)-st,rp:°) + Var(rpze)
Since
Var(f -s ) = Var(rp.") + 2Cov(E (s  )-s ,rp, ) + Var(E (s  )-s ),
B < 0 requires
Cov(Et(st+1)—st,rp:°) + Var(Et(st+1)-st) < 0.
From this equation, B < 0 implies Cov(Et(st+1)—st,rp:°) < 0, and Var(rpze) >
Var(Et(st+1)-st). As we shall discuss below, models of the foreign exchange
risk premium should be consistent with these two inequalities.
Until now we have considered the estimate of B in large samples, where we

have a consistent estimator. In finite samples we can write

Cov(f -s ,s -s )
t Tt Ttel Tt

-

Var(ft-st)
where the overbar refers to an estimate. Following the derivations above,
B=1-8 -8B,
rp sS
where

Cov(ft-st,Et(st+1)-st+1)

Var(ft—st)

B represents the deviation of the estimate of 8 iIn a particular sample from
-3

its probability limit. E may not equal B8 because of small-sample bias, or



because of sampling variation. When the estimator of B is consistent, Ess is
zero in large samples (that is, plim(gss) =0.)

The literature discusses two reasons why Ess might not be zero in a
particular sample. Both situations arise when agents’ information set differs
from that of the econometrician. First, consider the case of a change in
regime for the stochastic process driving s, - The agent may use information
efficiently, but information about the new stochastic process for s, is
revealed only gradually. Over a period of time there could be a positive
covariance of ft—st and Et(st+1)_st+1’ and thus a positive value for Ess. The
econometrician has more information than the agent did at the beginning of the
sample, so the econometrician recognizes this positive covariation but the
agent could not have foreseen it. This covariance goes to zero as agents
learn more about the stochastic process for S, - An alternative case is one in
which agents have more information than the econometrician. Specifically,
agents may form their expectations using the correct distribution for exchange
rates, but the ex post sample does not contain all of the events that agents
think will occur with the correct frequency of occurrence. For example.
suppose over some sub-period in our sample agents rationally expect a large
increase in s, but that increase does not occur. Then, we would see high
values of ft—st at the same time we see high values of Et(st+1)_st+1' Thus,
we might find a positive value for Ess. This is an example of the "peso
problem”., Again, in large samples this covariance goes to zero if agents’
expectations are rational.

Now, suppose that the market’'s subjective conditional probability
distribution for the exchange rate is not the same as the true distribution

conditional on information available to the market -- that is, agents’



expectations are not rational. Let Et(st+1) represent the market’s
expectation of the future exchange rate, where it is not necessarily the case
that E':(sm) is equal to E (s, ). We define

rp, = ft - ET(St+1)'

We can write

where

— -
E ) Cov(Et(st+1)-st,rpt) + Var(rpt)

e V;;(ft-st)

Eg;(f -s ,E (s )-s )
t Tttt

—B'ss - _t t+1 t+1 . and
Var(ft-st)
Cov(f -s ,E™s. )-E ,(s. ))
E - t Tt T Tte t e
ie

Var(ft-st)
This last term will be positive if the forward discount is correlated with the
expectational error. That is, é;e will be positive if the forward discount
tends to be higher when the market’s expectation of the future exchange rate
is higher than is rational. Positive values of E;p, E;s and Eie could all
contribute to the finding that E is less than one (and usually negative).
This survey focuses on Erp # 0 among the possible explanations for
finding E # 1. Section II covers some general ground, carefully defining the
risk premium and discussing some of the issues in testing forward rate
unbiasedness. Then, section III surveys papers that have searched for a
foreign exchange risk premium. Section IV offers some conclusions.

Learning and peso problems, irrational expectations and speculative

bubbles are not reviewed. Lewis (1994) and Evans (1995) contain excellent



discussions of the peso problem and topics related to Ess. Frankel and Rose
(1994) survey the literature on irrational expectations and speculative
bubbles -- the models of E‘e, The Appendix provides citations for many
papers in these areas. Finally, two topics closely related to forward-rate
unbiasedness are also omitted for space considerations -- the work on futures
rates In foreign exchange markets, and the work on foreign exchange risk

premia present in equity pricing models.

II. General Issues

A. Empirical regularities

The finding of a negative estimate of B in regression (1) is a robust
finding. Recent studies which have confirmed this finding include Backus,
Gregory and Telmer (1993) who use monthly data on one-month forward rates and
the corresponding future spot rates for the Canadian dollar, French franc,
mark, yen and pound all relative to the dollar from July 1974 to April 1990.
In all cases they find E is significantly less than one, and negative. They
state that this finding is robust for other currencies (the lira, Belgian
franc, guilder, Swiss franc) and is true even when non-dollar cross rates are
examined. Mark, Wu and Hai (1993) confirm the finding on monthly rates for
the French franc, yen and pound relative to the dollar from January 1976 to
August 1988. Froot and Frankel (1989) find E is significantly less than zero
for the pound, mark, Swiss franc and yen relative to the dollar for a number
of sampling periods between 1976 and 1985. Baillie (1989) suggests estimating

bivariate VARs for s, ~S and ft-st. He presents estimates for weekly
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mark/dollar rates from April 1973 to June 1980. He also finds that the
forward rate is not an unbiased predictor of the future spot rate. Bekaert
(1992) confirms this finding in a multivariate VAR study using S,7S,_, and
ft—st for three currencies -- the mark, pound and yen relative to the dollar
-- with 1-month and 3-month forward rates sampled weekly from January 1, 1975
to July 19, 1991.

McCallum (1994) reports an average value for E of -4, using yen, mark and
pound rates against the dollar, monthly from January 1978 to July 1990. This
result is typical of the many studies that have estimated equation (1). It is
useful to keep this value of E in mind. If the forward discount contains all
of the information useful in forecasting exchange rates, then the standard
deviation of Et(stﬂ)-st is four times the standard deviation of the forward
discount.2? Hence, the implied standard deviation of rpze is five times the
standard deviation of the forward discount. One of the major tasks of the
literature is to explain why rp:e has such a large variance.

Byers and Peel (1991), and MacDonald and Taylor (1990, 1991) also find
evidence of a negative E using data from the 1920s on the pound and French
franc relative to the dollar. McFarland, McMahon and Ngama (1994) use 1920s
data on the pound, French franc, dollar, Belgian franc and lira to test
forward rate unbiasedness. They regress the log of the future spot exchange
rate on the log of the forward rate, and then test E = 1 using a test
statistic whose distribution allows for the non-stationarity of the exchange
rates. They find E < 1 (though not less than zero) and reject the null

hypothesis.

2 This follows by taking the standard deviation of the left- and right-
hand sides of equation (1), with 8 = -4.
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However, Mayfield and Murphy (1992) sound a dissenting note. They
estimate a version of equation (1) simultaneously for the French franc, Swiss
franc and mark relative to the dollar. They find when they allow a common
time-varying intercept term for the three currencies, that they can no longer
reject 8 = 1.3

Flood and Rose (1994) present evidence that the finding of E < 0 may only
apply to floating exchange rate regimes. Pooling daily data on Australian
dollar, Canadian dollar, French franc, mark, yen, Swiss franc and pound
exchange rates relative to the dollar from 1981 to October 1984, they find E
is significantly less than zero. However, when they use data for exchange
rates that are fixed within the EMS, their results are different. Over the
same time period, they use data for the Belgian franc, krone, French franc,
punt, lira and guilder against the mark. There they estimate E = 0.58. They
still find E significantly less than one, however. Also, they reestimate the
equation omitting the dates at which exchange rate realignments occur, and
find E = 0.25. They argue that the difference in the two estimates of E is a
measure of the peso problem.

Bekaert and Hodrick (1992) consider the predictability of s, —ft. Under

+1

the null hypothesis of equation 1 (¢ =0, B =1), s +1_ft should be

t

unforecastable. As in the studies above, they can reject the null hypothesis.

They find that they are able to explain up to 40% of the innovation variance

in ¥(
3=1

and forward rates for monthly yen, mark and pound rates relative to the dollar

Stth1—ft+j) with monthly data when n equals twelve. They consider spot

3 Other studies which confirm the Fama result are Choi and Kim (1991),
Chrystal and Thornton (1988), Kearney and MacDonald (1991), Marston (1993) and
Pittis (1992).



from 1981:1 to 1989:12. For each currency, they estimate a VAR whose elements
contain St+1_ft’ the forward discount at time t, the dollar return between
time t and t+1 on U.S. equities, the foreign currency return between time t
and t+1 on foreign equities, and the dividend yield (in own currency terms)

from each of the two countries. The st for the 12-month horizon forecasts of

n
Z(sttﬁl—ft*j) are 26% for the yen, 40% for the pound and 30% for the mark.
j=1
n
It appears that most of the power for forecasting }(s

) comes
j=1 !

-f
t+j+l t+
from the forward discount. And, consistent with the literature summarized

above, higher values of ft—st are associated with lower values of

n

Y (s

J=1

tthl_ft+j)' They calculate the implied slope coefficient in a regression

n
of n-horizon values of Z(stthl—ft*J) on the forward discount. That is the
1

n
covariance of }(s

-f ) with f -s divided by the variance of f -s . At
j=1 t+] t ot t Tt

t+j+1
the one—-month horizon, a 1% increase in the forward discount is associated
with a 6-8% decrease in the excess return on uncovered foreign positions. At

the 12-month horizon, a 1% increase in ft--st is associated with about a 4%

n

decrease in } (s -f ) for all currencies.*
=1 t+je1 t+]

Cornell (1989) argues that estimates of B are blased toward finding B < 1
because of measurement error of two types. First, most empirical studies use
an average of bid and ask rates, or simply bid or ask rates. Forward market
participants, however, bear transactions costs as reflected in the bid-ask

spread. Also, Cornell argues that most studies slightly misalign their data.

4 Bekaert and Hodrick also find that the forward premium has power for
forecasting excess returns on equities.
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That is, they do not find exactly the future spot exchange rate that
corresponds to the forward rate in their data. Cornell suggests these
problems are mitigated by using the lagged forward discount as the right-hand-
side variable in regression (1). Cornell performs this regression on two data
sets. One is the Fama (1984) data set, which uses one-month forward rates,
and the spot rate four weeks later, with a non-overlapping sample from August
31, 1975 to December 10, 1982. The other uses end-of-month rates from January
1975 to December 1982. Cornell finds he cannot reject 8 = 1 for the Canadian
dollar/ U.S. dollar rate, but does reject this null for the French franc, yen,
guilder, pound and mark relative to the dollar.

Bekaert and Hodrick (1993), furthermore, carefully measure spot and
forward rates so that there are no sampling errors. Using weekly data from
197S to 1989 for the mark, pound and yen relative to the dollar, they find E
is significantly negative, and that the estimated coefficient is not much
different when the correctly sampled data is used as opposed to the usual
incorrectly sampled data. They also use data on the bid-ask spread, and
demonstrate that taking into account transactions costs changes the estimates
of B trivially.

Some other empirical regularities have been mentioned in the literature.
The forward discount is very persistent, but probably stationary (see Mark, Wu
and Hai (1993) and Baillie and Bollerslev (1994)).5 S 41 and ft are
cointegrated, with a cointegrating vector near {1,-1] (Mark, Wu and Hai;
Hakkio and Rush (1989)). These studies are discussed in detail in section

II1.C below.

5 However, see Crowder (1994), who finds evidence that the forward
premium is non-stationary.
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Several studies, including Bekaert (1992), Canova (1991), Canova and Ito
(1991), Canova and Marrinan (1993), Cheung (1993) and Mark, Wu and Hai (1993),
have examined the properties of time series estimates behavior of the rational

re

expectations risk premium, rp,” = ft—Et(st+1). These studies construct

forecasts of S\ conditional on time t information, from which they form an

estimate of the rational expectations risk premium, rp:°, then investigate the
time dependence of the first and second moments of these measures of rp:°.

It is important to recognize that even though we refer to rp:e as a "risk
premium", ft—Et(St+1) is in fact a risk premium only if agents have rational

expectations. That is, rp:e = rp, only if Et(st ) = ET(St ). Also, even if

+1 +1

expectations are rational, the measures of rp:e may suffer from sampling error
in smaller samples. There would be evidence that rp:e is in fact a risk
premium if the measure of rp:e were found to be determined by the economic
variables to which theory says it should be related. For example, in Section
III below, many studies which relate rp:e to functions of consumption or asset
supplies are examined. But, a pure time series study of rp:e provides no
evidence that the measure of rp:e is a measure of a risk premium.

This does not mean that time-series studies of rp:e have limited value.
In fact, they are useful as a description of the behavior of ft—Et(st+1).
Models of the foreign exchange risk premium which assume rational expectations
must be able to account for the time-series properties of these measures of
rpze, assuming the measures are unbiased. Indeed, this is the task of several
of the papers described in Section III below (for example, Backus, Gregory and

Telmer (1993), Canova and Marrinan {1993) and Bekaert {1994b)).

Alternatively, models of learning or peso problems would need to confront

12



these measures of ft—Et(st+1). In a model in which expectations are not
rational but there is no risk premium (so ft = ET(St+1))’ these measures
provide a time series of the deviations from rational expectations, ET(St+1)_

Et(st+1).

Cheung considers a Kalman filter model for ft—Et(st+1). He treats rp:e
as an unobserved variable which is assumed to follow a low-order ARMA process.
Furthermore, innovations in rp:e are allowed to be correlated with
St—Et—l(St)’ the error from the previous period’s forecast. Measures of the
rational expectations risk premium are constructed for three dollar exchange
rates: the pound, the mark and the yen. Monthly data from July 1973 to
December 1987 are employed. Cheung finds that the constructed rp:e exhibit a
great deal of persistence, are negatively correlated with his measures of
St_Et—l(St)’ and are highly variable (although with a somewhat lower variance
than st—Et_l(st).)6

Mark, Wu and Hai develop a time-series model for spot and forward
exchange rates that is able to reproduce these empirical regularities. It is
a model in which the spot and forward rate are driven by a common component
which follows a random walk. The spot and forward rates also contain
stationary components which are not identical, but are related by a vector
ARMA (1,1) process. They find that E is negative, that there is a great deal

of persistence in the forward discount, and that ft and Et(st+1) have a

cointegrating vector of [1,-1].

6 In a similar study, Nijman, Palm and Wolff (1993) also find evidence
of persistence in rpze. Related studies are Fraser and Taylor (1990) and

Taylor (1988).
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The finding by Cheung that measures of ft—Et(st+1) exhibit a large
unconditional variance is confirmed by Bekaert and Backus, Gregory and Telmer.
Bekaert also replicates Cheung’s result that ft—Et(st+1) has a high degree of
serial correlation, and finds that the conditional variance of ft-Et(st+1)
exhibits clustering. Canova (1991) and Canova and Ito (1991) appear to agree
that ft—Et(st+1) exhibits high volatility, although paradoxically Canova and
Ito simultaneously argue that "the volatility of the series was substantial’
but that "it was virtually constant over time" (p. 140). Essentially, the
latter statement means that their measure of rp:e is not forecastable, but
they agree with other authors that its variance is large.

Canova and Marrinan (1993) confirm these basic characteristics for rpze:
that it has a large variance, it is highly serially correlated and it exhibits
heteroskedasticity due to volatility clustering. They consider returns from
speculation in the French franc, pound, yen, mark, Swiss franc and Canadian
dollar (relative to the U.S. dollar) at one-month and 3-month horizons. Their
data is monthly, covering 1974:7-1986:10 for one-month rates and 1975:1-1991:9
for three-month rates. On the one-month investments, the average (across
currencies) standard deviation of rp:e is 4.97 annualized percentage points.
On the three-month investments, the comparable number is 7.17. On the one-
month returns the first autocorrelation is, on average, 0.81, while for the 3-
month numbers it is 0.90.

One common feature of these studies is that the estimate of rp:e switches
signs during the sample periods investigated. If rp:e does represent a risk
premium, the studies indicate that dollar assets swing from periods in which
they are conslidered much safer than foreign assets to periods in which they

are much riskier.
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B. The null hypothesis in real terms

One of the appealing features of regression (1) is that its null
hypothesis simply states that ft should be an unbiased predictor of S,y @
hypothesis which does not rely on particular assumptions about the environment
of agents in the economy, the nature of preferences or of technology.

To some degree this simplicity is illusory. It is commonly argued that
this null hypothesis is of interest because it represents the equilibrium
condition when markets are efficient, agents are risk-neutral and have
rational expectations. However, agents value returns in real terms. The real
return on a financial asset will depend on the environment and preferences of
the risk-neutral agent.

For concreteness in this section, let us suppose that there are two
countries: the U.S. and Germany. St represents the level of the dollar/mark
exchange rate, and Ft is the corresponding one-period forward rate. P: is the

dollar price level for U.S. consumers. The condition for the absence of real

profit opportunities for the American from forward market speculation is7:
(3) E|—s | =0.

If we assume all variables are conditionally log-normally distributed (an
analytically convenient assumption that we will maintain throughout this

section), we can write equation (3) as

$
t+1

= -1
(4) Et(s ) = ft 2Vart(st*l) + Covt(st ,P. ),

t+1 +1

7 On this point, see Frenkel and Razin (1980), Engel (1984, 1992a) and
Sibert (1989).
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where the variables in small letters are the logs of the variables in capital
letters.

Note that for the risk-neutral American agent, we do not have Et(st+1) =
ft. The forward rate is not necessarily a conditionally unbiased predictor of
the future spot exchange rate, as long as %Vart(st+l) - Covt(st+1,pt+l) is
not equal to zero. These two terms are commonly referred to as the "Jensen’s
Inequality Terms" (JIT). McCulloch (1975) argued that the Jensen’'s inequality
term is likely to be very small empirically. McCulloch’'s claim has been
refined and verified by a number of authors (see, for example, Frenkel and

Razin (1980), Engel (1984), Cumby (1988), Hodrick (1989b), and Backus, Gregory

and Telmer (1993)).
(St+1—Ft)P
Cumby constructs the variable rt+1 = ——————— , which should have a

5
t ts1

conditional mean of zero if hypothesis (3) is correct. He regresses this
variable on time t information, such as the forward discount at time t. His
tests are for the pound, mark, Canadian dollar, Swiss franc and French franc,
with the U.S. dollar, pound and mark as the base, monthly, from January 1974
to December 1986. The price data is the CPI of the base currency. In all
cases, he rejects the null hypothesis that rt+1 has a conditional mean of zero

5, -F
t+1 Tt

5
t

-- the same result he finds when is the left-hand side variable.

Hodrick also regresses r.,, on time t information that consists of the forward
discount and rt. His data consist of quarterly observations from 1973:11I to
1987: 1V for the mark, pound, Canadian dollar, Belgian franc, French franc,
gullder and Swiss franc against the dollar and the pound. In all but a couple

of cases he rejects the null hypothesis that the time t variables have no
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explanatory power for Tin So, Cumby and Hodrick confirm that expressing
returns as in equation (3) does not alter the conclusion that the risk-neutral
efficient markets hypothesis is rejected.

Bekaert and Hodrick (1993) consider the possibility that the estimate of
B in equation (1) might be biased because the - %Vart(st+1) term from equation
(4) is omitted from equation (1), and ft—st may be correlated with that term.8
They find substantial evidence to indicate that omitting Vart(st+1) from
regression (1) is not responsible for finding E < 0. For example, they
estimate regression (1), but include Vart(st+1). Vart(st+1) is estimated with
a GARCH-in-mean model. This estimation is performed for weekly observations
of 30-day forward contracts for the yen/dollar and mark/dollar rates from
January 1975 to December 1989. Even with the inclusion of Vart(st+1), they
find E significantly less than one, and, in fact, significantly less than
zero. They also perform a Monte Carlo analysis which indicates that OLS
estimates of E are not badly biased if Vart(st+1) is incorrectly excluded from
the regression.

Baillie and Bollerslev (1990) perform a similar analysis, using weekly
observations of 30-day forward rates for the pound, mark, Swiss franc and
French franc relative to the dollar from March 1, 1980 to February 2, 1989.
Unlike Bekaert and Hodrick, they restrict E to be one. They consider the
GARCH-in-mean model

- = +
s ft 7Vart(st+1) u

t+1 t+l’

8 They do not concern themselves with the Covt(st+1,pt+1) term. This

may be reasonable, since in practice this covariance is very small.
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They find for all currencies except the pound/dollar that they cannot reject ¥
= 0. However, we can note that in no case can they reject ¥y = -.5, as
equation (4) might suggest.

In the empirical literature on testing for a foreign exchange risk
premium, the JIT can be ignored because of their small size. It will be
helpful, though, for us to note that a more properly defined risk premium

would be:

$,US)

re _ _ _l
trpt = ft Et(st+1) 2Vart(s“l) + Covt(st+1’pt+1

=rp° - JIT.

t
Here, trp:e stands for the "true" rational expectations risk premium. We
introduce the notation pti?s at this stage to represent the log of the dollar
value of prices paid by Americans. This is exactly the same quantity as p:+1
mentioned earlier, but for the rest of this section we need to distinguish
carefully between prices paid by Americans and prices paid by Germans.

We note that the definition of the true risk premium depends upon the

investor we are considering. A risk neutral German investor would require

_ _ 1 $,GE
(5) Et(st+1) = f, 2Vart(s“l) + Covt(stﬂ,pt+1 ),
$,GE . $,GE
where Py is the dollar value of prices pald by Germans. That is, Piuy is

defined as the log of the dollar/mark exchange rate plus the log of the mark

M, GE

price level for Germans, p2+1

$,GE _ DM,GE _
t+l Tt tel”

Condition (5) is equivalent to condition (4) when purchasing power parity
holds:

$,Us _ $,GE _ DM,GE s

t+1 Pier T Pen te1’
If purchasing power parity does not hold, then investors in the U.S. and

Germany evaluate real returns differently, so that there would be no

equilibrium with risk-neutral investors in each country. To be perfectly
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correct, testing risk-neutral efficient markets requires either assuming
purchasing power parity or choosing the price index for the risk neutral
investor. But, in practice, since the JIT are small and can be ignored, this

is not an important issue.
The null hypothesis that « = 0, 8§ = 1 (and that Y., has a conditional

mean of zero) in equation (1) is equivalent to the hypothesis that

re _ _ -
(6) rp, = ft Et(st+1) 0.

Using the covered interest parity relation,
(7) f =1 -1 +st,

the null hypothesis when the JIT are ignored can be written as

.$ _ .DM _
(8) i = it + I:'.‘t(sh\1 st).

If we pay attention to the JIT, then when the U.S. investor is assumed to be

risk neutral, the null can be written as

(9) is =1™ 4+ E (s =-s ) + lVar (s ) - Cov (s
t t t Teel ot 2 t e t Tt

s,us)
+1’pt+1 ’

When the German investor is assumed to be risk neutral, the null is

).

;$ _ DM _ 1 _ $,GE
(10) lt. - 