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This paper reexamines the relation of the forward premium in the foreign exchange market to the expected
rate of currency depreciation over the life of the forward contract. For at least ten years, empirical studies
of this reation have regressed ex post rates of depreciation on a constant and the forward premium. Their
null hypothesis is that the slope coefficient is one. Researchers have consistently found point estimates
of the slope cocfficient that are negative and that are often more than two standard errors from zero.
Predicted cumrency depreciation is therefore very different from the forward premium whereas the
unbiasedness hypothesis implies that they are equal. An impornant consequence of this finding is that
expected rate-of-retumn differentials between foreign investments that are covered to climinate foreign
cxchange risk and uncovered investments are large and variable.

One interpretation of these empincal results relies on Fama's (1984) decomposition of the forward
premium into the expected rate of depreciation and a risk premium. Finding a negative slope coefficient
in an unbiasedness lest then can be demonstrated to imply highly variable risk premiums. Another
interpretation of the results is summarized in Froot and Thaler (1990) who argue that systematic forecast
errors are needed to explain the results. A third position is that of Comell (1989) who argues that
measurement erors in the analysis may be so bad as to render interpretation of the empirical work
inappropniate.

This debate supplies the motivation for the paper. We retain the assumption of rational expectations,
but we re-examine the unbiasedness hypothesis and address several sources of measurement error and
misspecification that might bias the coefficient estimates and thus alleviate the burden on a time varying
risk premium as the explanation of the previous empirical results.

The first source of potential bias is measurement error. It is often difficult for researchers to obtain
high quality data, and many studies have been rather cavalier in their construction of returns. Comell
(1989) criticizes studies in this area for two reasons. First, many studies fail to use data sampling
procedures that observe the market rules goveming delivery on foreign exchange contracts. Second, such

studies often fail to incorporate transactions costs in terms of bid-ask spnf:ads.l Comell (1989, p. 155)
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decisions. The loss in marginal utility from sacrificing a dollar at time t 10 invest in an asset is equated
1o the expected gain in marginal utility from holding the asset and selling it at time t+1. Define Qi 10
be the intertemporal marginal rate of substitution of a dollar between period t and t+1, and let RI+1 be
the dollar retum at t+1 on a dollar invested at L. Let E () denote the conditional expectation. Then, the

Euler equation is

Ei(Qe1Rpe1) = 1. (€Y

Equation (1) is the foundation of many theoretical and empirical investigations of asset pricing. In
the most basic representative agent models, ¢.g., Lucas (1982), the form of the intertemporal marginal rate
of substitution is straightforwardly derived to be

PUCrapmay
Qte1 = — @
u’com
which is the agent’s discount factor times the ratio of the marginal utility of consumption at time t+1
multiplied by the purchasing power of a dollar at time t+1 to the product of these variables at time t. In
more complex models, Q, | is the ratio of the discounted value of an asset market Lagrange multiplier
valued at time (+1 to the value of the multiplier at time t, and equation (2) does not hold.

Now consider the implications of equation (1) for the determination of expected retums. In most
countries there is an asset that has a certain nominal retumn. It is common financial terminology to refer
to such an asset as the risk free asset even though the real retum on the asset is uncertain, Let the
continuously compounded dollar interest rate be ii. Then, Ry | = exp(iy) is the nominal risk free dollar
retum. Since the dollar denominated risk-free retum must satisfy equation (1), Rfu-l = [E((QH_I)]'I.

Investing dollars intemationally requires conversion into foreign currencies. Let S, be the dollar price
of a unit of foreign currency, in which case Sl - Sy = In(Sp, /S is the continuously compounded rate

of depreciation of the dollar relative to the foreign currency. Let the continuously compounded foreign
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A typical regression test of the unbiasedness hypothesis is specified as

Stel ~ St = 0+ BOR - s e M
and the null hypothesis is a = 0 and 8 = 1. Under the null hypothesis, Bl = ey -8 - E/s, - sp
is a rational expectations error term that is orthogonal to time t information.

The theoretical analysis above, which resulted in the derivation of equation (6), indicates several
reasons why the unbiasedness hypothesis cannot literally be derived from an economic model in which
agents maximize expected utility. Notice that if the conditional variance and conditional covariance are
constant, o would not necessarily be zero, but § = 1 would be true regardless of the nature of risk

3 When constant conditional variances and covariances are not imposed, equation (6) implies

aversion.
a B in equadon (7) equal to 1 - By - Pe, where By, (Br) denotes the covariance of NACY
(G(5¢4 1G4 1)) With the forward premium divided by the variance of the forward premium. This
decomposition is slightly different from the Fama (1984) decomposition of the continuously compounded
forward premium into the expected rate of depreciation plus a risk premium since risk aversion only enters
through the covariance term in equation (6). Before examining the possible effects of movements in the

conditional variance on the estimated value of 8, we address simple measurement error as a source of

potential bias.

II. Measurement errors as a source of bias

Consider first the problem of determining the correct day in the future that the one-month forward
rate is predicting. To find the delivery date on a forward contract made today, one first finds today's spot
value date, which is two business days in the future for trades between U.S. doilars and European
currencies or the Japanese yen. Delivery on a 30-day forward contract occurs on the calendar day in the
next month that corresponds to the calendar day of the current month on which spot value is realized if

this day in the next month is a legitimate business day. If it is a weckend or a holiday, one takes the next



Anoauoour pajdures ale g [aUed Ul BIEp SN "AIEP aN[BA PIEMIO] 9t uo anjea jods Seonpasd 1ey tuow
1X3U 3 Ul S1ep suonoesuen 10ds 1091100 ayy Sunnmuuaap Aq 21k 10ds UNINY AN PoYRW PUB UCNDESUES
AnQ premio] 2 J0J Yoam AP Jo Aep o se SABpUJ PAII[AS oA, 'Suonealasqo Appeem Suiddepaso are
vep o] "soted yods armny Joj saoud piq pue 1 awn Joj s30ud YSe SN PUB ‘9A0QE PISSNOSIP SUONUIAUOD
AI19AI[9p J9yIRW Y] Mmofo) elep pajdwres AQoauod AL g [oued ul pojdwres Aposwmodur are ey

BIEP 10] PUR Y [aued ul erep pajdures Af1oawioo 1oy (1) uonenbs Sunewnss jo symsa suasaid 1 21qe L

TEWONO[ 1S TTeA 2Yl Way) JO YOOGIea | JaE)y AJe1auO)y [EUOHEWIaU] 9y} WOl SUONBAIISQO
Qlim PAJALIOO AUoM OSIYL, M3 B PUNOJ am ‘A[91BUNLIOJUN ‘PUE ‘S10133 10J ¥I3UD 0) RIBP SN UO 5159] JAI[Y
BJOA3S URJ 9p4 °HONORSURN B PAIONPUOD 9ABY PINOD UOSWOS Yo 18 sadud jayrew pajonb juasaidar
puE U3AS S JAnay e woy pamdes are viep oYL 6861 O SL61 pousd 9y 10J SIDIAIIS aseqEieQ
dioon) woy ewep e Bueydxd YSe pue piq AP paumiqo 9 ‘ayew sanpadaud Surjdures 19au100
FOUAUYIP YoNW MOy SUIULIIIP O pmz (6861) W0 AQ pasrel SWIDUOD AP SSAPPE 01 *SSAAYUIAIN
‘yareasas snoiaaid jo s3urpuy o urerdxa pmoo Joua Juswaseaw ey uoud B A[aXrun suIaas 11 inq ‘019z
preo1 (£) uonenba ur ¢ Jo arewNS? 9 paselq Joua wawanseaw J1 Swsudins [re 18 2q 10U pmom 1]
1aNIBW preamio juaumd p ur 2oud yse o snunu J9yrew jods amny 9y ut saud piq ap St
Kouauns uialof 9tp JO UM B ANQ 0) 19BAUOD PIEMIO] B UO WA JR[[Op 3y *aoudy -2oud piq s,3ueq ay
59A13031 SUO *SIBTjOp J0] Jureq a1 01 Aouawnd uB1a10] Ayl S[Ias SuO uAYM pue ‘Aouaund ufiaio] Jad srefjop
Jo soud Sunyse s, yueq ayy sAed auo ‘srefjop yna Louaumo udialo) e sAng auo UaYM SISA[RUR [BINSDIRIS
ay ul se1q Jo saunos fenuaiod e osfe st speasds ¥se-piq £Q psonpul $1500 suondesuen jo waqaid ayf .
*SISA[EUE oY} 01Ul P3IMPONUL §1 JOLID JUSWIAINSEA pue paienofes Suraq 10U ST 19NU0d
PIeALIO] AU UO WS ann e ‘el jods Meudoadde atp yiim S1es premio) oyl saydiew 2Uo SSaQuM} (MU pud
-pua 341} IUOW 1xaU 311 JO Aep SSauISNg 1SB] A1 S1 ABP AN[EA PLEMIO] N SSBD YOIYM UY LUOW JUALIND A1
Jo Aep ssauisng 1se[ a1 s1 Aep anfea jods o uaym 1daoxa pamol[o) SI S SIy| ‘Aep ssauisng snoaud
181 a1 s9X¥er auo *AdusBunuod Jaue| swl Ul yuow sy jo o Jurod moymm Kep SSsuIsng JQE[TEAR

9



7

on every Friday, as in the Harris Bank data employed by Fama (1984) and others, and are all ask rates.

Notice that the point estimates for the correctly sampled data are actually slightly more negative than
those from the incorrectly sampled data and their standard errors are approximately 10% higher. Bur,
there are no differences in inference across the two sets of estimates. In all cases the slope coefficients
are more than two standard errors below zero. The chi-square statistic that tests the joint significance of
the deviation of the three slope coefficients from one is very large in both cases.

Comell (1989) also argues that errors in the timing of the market prices at time t could bias the
estimation of § toward negative numbers. While this is true, his derivation of the bias is incorrect. He

specifics the unbiasedness hypothesis as

fr = Spep =2+ Bl - s v £y, ®
and the null hypothesis is a = b= 0. Notice that since the § in equation (7) is equal w0 1 - b in equation
(8), positive bias in b would tend to bias f§ below one. Comell illustraies the potential for bias by
postulating that the forward rate is measured with error. Thus, the measured forward rate, ft. deviates
from the true forward rate, f:. by a random error, f, = f: + ¢, Since there is no reason to suppose
otherwise, he imposes cov(e,, f: - 8 = 0 and cov(e,, f: - $i4p) = 0. Given these assumptions it is
straightforward to show that if the unbiasedness hypothesis holds for the true prices, the estimate of b is

given by

var(e,)
b= : )

var(e) + var(f; -sp

In comparison, Comell’s equation (5), which is his analogous derivation of the biased coefficient is
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L]
cov(Syep = S0 fy = 8 an

B-p - var(f; - s)

Without misalignment of the data, s, - s:",l represents the (logarithmic) bid-ask spread in the foreign
currency spot market. Since the rates of depreciation and the forward premiums are annualized, we
multiply the logarithmic bid-ask spread by 1200 to annualize the percentage spread. The resulting means
and standard deviations for the three currencies are 0.567 and 0.348 for the deutsche mark, 0.682 and
0.376 for the pound, and 0.795 and 0.449 for the yen. These transactions costs consequently represent
between 50 and 80 basis points which are non-trivial amounts, Direct calculation of the bias in equation
(11) is positive. For the deutsche mark, it is 0.022; for the pound, it is 0.011; and for the yen, it is 0.040.
These values are 18%, 8% and 18.5% of the respective values of estimated B's reported in Panels A and
B of Table 1. Consequently, we conclude that the less negative estimates for f§ and the slight increase

in statistical significance of the joint test in Panel B are due primarily to sampling the data incorrectly.

III. Omitted variable bias

We now address the importance of conditional heteroskedasticity in currency depreciation in the
determination of the value of B in estimates of equation (7). We first establish the presence of conditional
heteroskedasticity in the data, Then, we conduct a Monte Carlo experiment to determine how much the
absence of the conditional variance, which is present in equation (6) but not in equation (7), biases the
estimate of f. To the extent that the forward premium is positively correlated with the conditional
variance of the rate of depreciation in equation (6), the true risk premium, which is related only to the
covariance term, is relieved of the 'burden’ of accounting for negative coefficients since the f§ in equation
(7) would be biased downward even in the absence of risk aversion.

This investigation seems promising for two reasons. First, there is considerable evidence of

conditional heteroskedasticity in foreign exchange markets (see, for example, Baillic and Bollerslev (1989,
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forward premium are modeled jointly and are allowed (o vary over time. The model imposes a constant
correlation structure on the innovations in the processes as in Bolierslev {1990). As in equation (6), we
allow the forward premium and the conditional variance of the rate of depreciation to enter the expected
rate of depreciation, and we constrain the coefficients to be 1 and -0.5.5 We cnier the absolute value
of the forward premium rather than the squared value into the conditional variance of the rate of
depreciation. This induces correlation between the two series.

The constrained model serves as the data generating process for the Monte Carlo experiment. The
unconstrained model is presented in Panel B of Table 3. Residual diagnostics for the two models are
reported in Panel C. The autocorrelations of the squared residuals divided by their respective conditional
variances should be zero. Similarly, the autocorrelations of the product of the residuals divided by the
product of the conditional standard deviations should be zero. The Ljung-Box Q tests of these restrictions
generally do not reject the null hypotheses although the test statistics for the first few autocorrelations
associated with the conditional variance of the forward premium have relatively low marginal levels of
significance. We also report the Pagan-Sabau (1987) test. This test examines the restriction that the slope
coefficient should be one in an OLS regression of a squared residual (or product of the residuals) on a
constant and the respective conditional variance (covariance). The test statistic is constructed in the usual
way as the squared ratio of the coefficient estimate minus one relative to the heteroskedasticity-consistent
standard error of the estimated parameter. The resulting statistic has a chi-square distribution with one
degree of freedom. In general the models successfully eliminate the conditional heteroskedasticity present
in the two series. Furthermore, a likelihood ratio test of the constrained model versus the unconstrained
model, which is a chi-square statistic with two degrees of freedom, has a value of 0.125 for a marginal
level of significance of .939.

We used the constrained GARCH-in-mean model as a data generating process for a Monte Carlo

cxperiment in which we gencrated 2000 sets of 180 observations for the rate of depreciation and the
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the first sample. Let g(T,. 6(T)) represent this vector of orthogonality conditions. Hansen (1982)
demonstrates that ‘JTig(Ti. 0) - N(, Si)' where Si is the spectral density of the orthogonality conditions
evaluated at frequency zero. Then, the predictive test statistic is T,g(T5, 6CT 1))’v“g(r2. 6(T|)) where
V is a consistent estimator of S, + ch(Dl’SilDl)'lDz’. D, is the gradient of the orthogonality
conditions with respect to the parameter vector, and ¢ is To/T|. Both S, and D, are evaluated at o(T)).
The test statistic has a chi-square distribution with degrees of freedom equal to the number of
orthogonality conditions, which is six in this case. The value of the test statistic of 14.543 is larger than
the .024 critical value. This indicates that the orthogonality conditions for the second sample do not have
zero means when evaluated at the parameter estimates from the first sample.

Table 4 also reports parameter estimates for the three currencies. The results in Panel A are for the
beginning of 1975 to the first week of 1980 and the ones in Panel B are from the sixth weck of 1980 to
end of 1989. In Panel A the P coefficient for the deutsche mark is surprisingly 1.040, and the B for the
pound is 16235 Given the respective standard errors of 1.313 and 1.162, the estimates are
insignificantly different from one. The slope coefficient for the yen is -1.044 with a standard error of
0.907. Hence, the null hypothesis would be rejected at marginal significance levels greater than .024.
The joint hypothesis that all three coefficients equal one would be rejected at the .05 level. In Panel B,
the P for the yen is -3.007, the P for pound is -4.113, and the B for the deutsche mark is -4.941. The
evidence against the joint hypothesis that all three cocfficients equal one is very strong since the x2(3)
has a value of 31.672, which is well beyond the .001 cniical value of the distribution. The a coefficients
for the deutsche mark and the yen have also become more positive while the a coefficient for the pound
changes sign from positive to negative.

Table 4 also reporis 2 GMM analogue of scemingly unrelated estimation in which the slope
coefficients are constrained to be the same acmss‘currcncies since Bilson (1981) also constrained his

coefficients. The twelve orthogonality conditions are constructed by making each of the three error terms
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between the forward premium and rate of depreciation might not be a very good one. Because the
parameters have apparently changed over time, estimation that assumes constant parameters is
inappropriate, and one should allow for endogenous changes in the parameters during the estimation.

One way that this can be done is to build on the approach of Engel and Hamilton (1990) who develop
a Markov switching model for the rate of depreciation of the dollar relative to the deutsche mark, the
British pound and the French franc. Engel and Hamilton (1990) use ;nd of quarter spot exchange rates.
They postulate that the rate of depreciation is characterized by two regimes with different means and
variances and with constant probabilities of transition between the regimes. They use maximum likelihood
estimation and find significant differences in the means and variances of the rates of depreciation for the
two regimes.7

Engel and Hamilton (1990) also examine the relation of interest rate differentials, which are
equivalent to forward premiums because of covered interest arbitrage, to their measures of expected
depreciation. In doing so, they encounter an awkwardness in the specification of the unbiasedness
hypothesis. Since their model has no autoregressive dynamics other than the Markov process, there are
only two expected rates of depreciation. For example, the conditional rate of depreciation when the
economy is in state one is the probability of remaining in state one times the state one mean rate of
depreciation plus the probability of a transition to state two times the mean rate of depreciation for state
two. Since the interest differential is a continuous variable and is highly autocorrelated, it obviously does
not fit this two-state characterization. Engel and Hamilton introduce measurement error in the observation
of the interest differential to solve this problem.

Our version of the Markov state model overcomes this difficulty by incorporating explicit
autoregressive dynamics. We use correctly sampled monthly data as above and simultaneously model the
rate of depreciation and the forward premium. The spcciﬁcétion of the model retains the two-state

Markov process, with transition probability P11 (p22) of remaining in state one (state two) given that the
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As we noted above, when there is more than one regime, OLS may give a bad estimate of the
unconditional moments of the true process. We therefore next calculate the slope coefficient, that is
implied by the Markov switching model, as the unconditional covariance of the forward premium and the
future rate of depreciation divided by the unconditional variance of the forward premium. The derivation
of the unconditional moments is provided in an Appendix. The point estimates with standard errors in
parenthesis are -3.389 (1.856) for the deutsche mark, -4.557 (2.314) for the pound, and -6.479 (6.553) for
the yen. These implied slope coefficients are more negative but less precisely estimated than the OLS

estimates.

V. Conclusions

The paper investigates several sources of bias that could mitigate the burden on a time varying risk
premium as the explanation for the consistent rejection of the unbiasedness hypothesis in the relation of
the forward premium to the expected rate of currency depreciation. The first source of potential bias is
measurement error coming either from incorrect sampling of the data or from failure to account for bid-ask
spreads. Both sources were shown to be relatively unimportant.

The next source of bias is an omitted variable problem. There is conditional heteroskedasticity in
rates of currency depreciation, and the conditional variance enters the mean rate of depreciation. 1f the
forward premium .is correlated with the conditional varance, there is an omitied variable bias in
regressions of the rate of depreciation on the forward premium. A Monte Carlo experiment demonstrated
that this source of bias is also relatively unimportant in explaining the empirical results in the literature.

The last part of the paper investigates instability in the typical regression specification of an
unbiasedness test. Formal tests of the stability of the coefficients indicate that the parameters have
changed over time. This motivates an investigation of an endogenous regime shifting model. In some

respects the results of this model are completely intuitive to someone familiar with the stylized facts of
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February 1973, there was considerable uncenainty about how the intemational monetary system would
evolve. Agents might have been expecting a retum 0 2 fixed rate regime and might not have fully
understood the monetary policies of the central banks in the beginning of this new era.

To verify this conjecture, we carried out the regression test on weekly data from June 1973 0 January
19768 To determine the comparability of these data with the data used in this paper, we first checked
whether this data set mimics the results of the 1975-1980 period reponed in Table 4. The slope
coefficients with standard errors in parenthesis are 0.898 (1.252) for the deutsche mark, 1.267 (0.983) for
the pound, and -1.147 (0.863) for the yen. These estimates are qualitatively similar to the ones obtained
in Table 4. In panicular, they imply that for the 1975-1980 period, there is no evidence against the
unbiasedness hypothesis for the deutsche mark and the pound.

If our conjecture on learning is right, we expect to find negatdve slope coefficients for the 1973-1976
period. The slope coefficients with their standard errors in parentheses are: -1.824 (2.857) for the deutsche
mark, -2.730 (.684) for the pound, and 0.565 (.301) for the yen. One can inierprel the results, at least for
the deutsche mark and the pound, as evidence in favor of general equilibrium models that incorporate
some form of rational learning about policy regimes. This is 2 challenging area for future research.
Without additional analysis, though, the results could just as easily be interpreted as evidence of market

inefficiency as in Froot and Thaler (1990).
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6. Froot and Thaler (1990, p. 182) note that in the large literature testing the unbiasedness hypothesis,
most estimates of B are negative. They state, "A few are positive, but not one is equal to or greater
than the null hypothesis of B = 1." Clearly, this is not true in the early par of our sample. One
reason our results differ from the literature may be that our sample begins in 1975 and many early

studies such as Bilson (1981) used data beginning in 1974 or earlier.

7. Engel (1991) extends the two-state Engel-Hamilton model to eighteen exchange rates and examines

monthly as well as quarterly data.

8. These data are from Data Resources, Inc. and were used by Hansen and Hodrick (1983) who noted
that January 1976 comesponds to the date of ratification by the Interim Committee of the IMF of the

Rambouillet agreement that formally implemented a system of flexible exchange rates.
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Technical Appendix 1: the EM-algorithm

In section 4 the following first-order Markov model is estimated:

Vo= Al * & M
where y, = [As, fp,]] x{ =[1, y{_ll. &~ N(, L)), and i = 1, 2. The six coefficients in A; and the three
distinct parameters in Z; are drawn from two regimes govemned by an unobserved state variable, z,, which
takes on only two values, 1 and 2. The Markov transition probability matrix is therefore fully
characterized by p; |, the probability of staying in state 1 given state 1, and p5, the probability of staying
in state 2 given state 2.

The complete 20-clement parameter vector is therefore 6 = [vec(Al)C vec(Az)f vech(Zl)C vech(fg)f
P p22]f Let § denote a sample of observed data, {yg, .. yT}: and let 21 denote the sample of
unobserved states, [zo, z,r}. The joint likelihood function of yr and 21 is LF1, Z1 ©). Maximum
likelihood estimation requires specification of the log-likelihood function of the observed data, L@ G)V.
A computationally convenient estimation method is the EM-algorithm. The method is equivalent to
iterating on the normal equations (the first order conditions for the maximization of the likelihood
function). In describing the algorithm, we adopt the notation and approach of Ruud (1991).

The EM-algorithm consists of two steps. In the E-step, one forms the expectation of the log-
likelihood function of the observed and unobserved data, L. Zp: ©), conditional on §r and an initial

parameter vector 60. We denote this as

Q®, 6, 1) = EILFT. 213 ©)| yT. B9, 2)
where the expectation is taken with respect to the density of the unobserved state variables conditional on
the whole sample of observed data and an initial parameter vector 60. In the M-step, the function Q(6,
60. §) is maximized by choice of ©, and the argmax yields 8, which replaces 6 for the next iteration.

This recursive procedure converges to the MLE of L(§T: ©), which follows from the results in equations
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We obtain:
2 T 2
Q®, 8y, ¥ = Y Y log(fly|hy, ®Npz([¥T. 8p) + Y loa(f(y) |21, yo)p(zy 51, 8p)
zp=11=2 z1=1

2 2 T

2
Y Y ¥ losmElz-1pGe z-115T 8g) + Y logz)plzy ST BQ)
z‘=l z1_l=1 g=2 zl=1

)]

where we have used the unconditional probability of Z att =1 as a starting valuc. Another approach

would be to estimate the start-up values, as Hamilton (1990) does.

Maximization of Q(O, 90. §) with respect to © is now straightforward, and the first order

conditions give rise to the following estimates for i = 1, 2:

T T
/ . / e -
Aj = ¥ yixe- PelST 80)(Y xo1x_ P =ilyT. 8g) ! ®
t=1 t=1
T /
Y G - Ax-DO ~Axe-1) P T T 8)
=1
- ©)
5 T
Y p=ilyT. 8
t=1
T
Y o=l _1=1§7. 8p)
1=2
- (10)
PII =

Y (z-1=115T. 89) + p - P(z=1FT: Bg)
t=2
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Technical Appendix 2: Unconditional moments in the Markov regime switching model
To derive unconditional moments in the Markov regime switching model, it is useful to pantition the
VAR parameter mairix A; (equation (1) in technical appendix 1) as Aj = [q b;], with a; representing the

constants and B; the autoregressive parameters. The model can be rewritten as:

Yo =3 by * g 13
Using property (b) in the technical appendix and the covariance-stationarity of the y; process, the

unconditional mean of y, is given by:

Ely = (I - piby - p2bp)”X(pjay + pyay), (14)

where Py (pz) is the unconditional probability of the first (second) state.
To derive the unconditional variance, we first compute the uncentered second moment. Taking the

unconditional expectation of yly[’ yields:

/. / / /
Elywy,] = B + p1b1Elyi—1y,_4Ib; + Pab2Ely—1¥1-11b5 + P1Z1 + ppZa, (s
where p is a constant given by:

/ 1/ / / L1 ;. (16)
B = p@1a; + 21Ely—11'd| + biElyi-1]a)) + ppaga; + a9Ely;_11'dy + byEly;-1lay),

Denote the vec-operator by T(). Then T(E[y, y,']) follows from covariance-stationarity and the fact that,
if P.Q,R are conformable matrices, T(P Q R) equals (R’ ® P)T(Q):
TElyw (D = @ - p1®y ® by - patby ® b)) ™' Tw) + pTEY + ppTE). 1D

The unconditional covariance matrix, C(0), is then simply Ely, y/1- E[yl]E[yl]’.

To derive the covariance between the forward premium and future currency depreciation, we also
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Table 1

Tests of Unbiasedness
Weekly Data 1975 to 1989

Coefficients on Regressors

Const. fi-s fi1 - 81 12(3) R~
Currency (s.e.) (se.) (s.e.) Conf.
Conf{a=0) Conf.(§ =1 Conf.(B5=1)

Panel A: Correcdy Sampled

Deutsche 13.578 23015 026
mark (5.076) (1.243)
.993 .999

British -7.956 -2.021 31.586 033

pound (2.932) (0.703) 999

.993 .999

Japanese 12.821 -2.098 034
yen (3.309) 0.631)
.999 999

Panel B: Incomrectly Sampled on Friday

Deutsche 13.198 -2.894 028
mark (4.591) (1.142)
996 999

British -6.484 -1.878 33.890 033

pound (2619) (0.632) 1999

987 999

Japanese 11.567 -1.884 033
yen (2.990) (0.573)
999 999

Panel C: Lagged as recommended by Cornell (1989)

Deutsche 11516 -2.486 .018
mark (6.052) (1.449)
999 984

British -7.818 -1.951 23.633 .030

pound (3.560) (0.828) .999

972 .999

Japanese 12.819 -2.099 .034
yen (4.000) (0.718)
999 999

Notes: "The esmation technique is Hansen's (1982) GMM with (hé rgressors as nsauments (@ Just-rdentfied
system). The parameter estimates arc consequently OLS for each equation. The covardance matrix is
heteroskedasticity-consistent and atlows for the serial correlation of the error terms induced by the overlap in the
weekly observations. The exchange rates are dollars per foreign currency and the forward premiums and rates of
depreciation are annualized observations. The x“(3) statistic is the test of the joint hypothesis that f; = 1.
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Table 3

A Monte Carlo Experiment Using the Yen

Panel A: Constrained estimates (the data generating process)

-5 = (;;;:) + 1.000(fl -8 - 5000 41 *+ €1pel

St+1

fop - Speq = 0426 - 0.001(s, - 5,.1) +0.878(, -~ 5)) + ey,
©.037)

t+1
(0.147) (0.002)

hieq = 62477+ 0.649h, + 0.109¢7 +88.8801f, - 5
(15.798) (0.48)  (0.065)  (99.341)

by = 0021+ 0835hy + 0.163c%
0020) (Q0%0)"  (.047)

- 0.5
hygee1 = 0003y qhgryy)
(0.101)

log-likelihood function = - 9.7170

Panel B: Unconstrained estimates

-5, = 31064 + L103(f, - s - 24.603h), ) + €0

St+1
(20.954) (1.275) (19.797)
fol - See1 = 0426 - 0.001(s, - 5;_1) +0.878(f, - 5) + ey
(0.147) (0.002) (0.036)

- 2
By = 149304 + 0.704h;, + 0.006ef, + 70.862, - 5y
(121.098) (0.100)  (0.042)  (39.461)

hyep = 0021+ 0835hy + 0.163¢%
©.194) (©.188)  (0.047)

. 0.5
hyger = 00L3¢hy gy hopy )
0.097)

log-likelihood function = -9.6545
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Table 4

Stability Tests of Unbiasedness
Weekly Data 1975:2 to 1980:1 and 1980:6 to 1989:12

Coefficients on Regressors

Unconstrained Constrained
Const £ -5 23 R Const fy -5,
Cur. (s.e) (s.e) Conf. (s.e) (s.e)
Conf.(a=0) Conf.(B;=1) Conf.(a=0) Conf.(By=1)
Panel A: First Sub-Sample
3.070 1.040 .006 3.167 0.896
mark (5.367) (1.313) (3.108) (0.551)
433 024 692 .150
4,791 1.623 7.845 027 -0.526 0.896
pound (5.832) (1.162) 951 “4.176) (0.551)
.589 409 .100 .150
8.148 -1.044 015 8.685 0.896
yen (3.160) (0.907) (2.725) (0.551)
990 976 999 150
Panel B: Second Sub-Sample
19.338 4941 .054 17.992 4.601
mark (7.633) (1.827) (4.433) (0.594)
.989 .999 999 .99
-10.529 4.113 31.672 .104 -12.491 4.601
pound (3.222) (0.921) 999 (2.754) (0.594)
999 999 .99 999
17.770 -3.007 049 23.329 4.601
yen (5.723) (1.044) (4.430) (0.594)
998 .99 999 .99
Panel C:; Chi-Square Tests for Stability Over-Identification Tests
Chow- 20.733 Sample Sample
Lype 998 1 : 2
Test
Pred. 14.543 14.693 7.587
Test 976 935 .525

Note: See also Table 1. The Chow-type Test is described in Hodrick and Srivastava (1984) and the Predictive
Test is described in Ghysels and Hall (1990). The unconstrained estimation is heteroskedasticity-consistent OLS
and the constrained estimation is heteroskedasticity-consistent seemingly unrelated regression with correction for
the overlap in the data, The Over-Identification Tests are distributed as x2(8).
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