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I. Introduction

This paper revisits one of the oldest questions in international
finance: does the forward exchange rate contain useful information about
the future path of the spot exchange rate? Professional thinking on this
subject has undergone a significant shift over the past twenty years.
Combining the uncovered interest parity theorem (Fisher (1930)) with cthe
covered interest parity theorem (Keynes (1923)) and the efficient markets
hypothesis, the equilibrium forward exchange rate established at date t for
delivery of foreign exchange at date t + n, Fy ., should be the best
available predictor of the level of the spot exchange rate realized at date
t+n, Seyn. L/ In an influential paper, Frenkel (1981) tested this

hypothesis using data for the 1970s. Running log-linear regressions of the

form:

Segel ~ @ * ALy ¢ ¥ V2 + frynd 7 D

Where lower-case letters denote variables in logarithmic form, he found that
he could not reject the hypothesis that 8 = 1 and v = 0, where z, is a
vector of information variables known at time t. These results were taken

to be supportive of the efficient markets - interest parity hypothesis that:

ECseenlBe) = £q ¢ (2)

L/ See Hodrick (1987), MacDonald and Taylor (1992) and Froot and Thaler
(1990) for general discussions of the empirical evidence on international
parity conditions and on the efficiency of foreign exchange markets. Isard
(1993) and Taylor (1993) discuss uncovered and covered interest parity in
detrail.



where @, is the set of information available to the market at time t.

In the early 1%980s, researchers such as Hansen and Hodrick (1980),
Cumby and Obstfeld (1980, 1984), Meese and Singleton (1982), Fama (1984),
Huang (1984) and Meese (1986) began to recognize that a potential problem
with regressions such as (1) is that if--as appears to be the case--sg,. and
£y, ¢ are nonstationary variables, the usual asymptotic theory invoked to
construct hypothesis tests becomes inapplicable. For this reason,
researchers interested in uncovering the information contained in the

forward exchange rate have in recent years estimated regressions of the

variety:

Stan © S T @+ i ¢ - sp) + oepyn. (3)

In distinct contrast to the findings reported for the levels
regressions run by Frenkel (198l) and others, Fama (1984) and Cumby and
Obstfeld (1984) and others (most recently McCallum (1992)) find that the
forward premium miséredicts the direction of the subsequent change in the
spot rate. 1/ That is, when foreign exchange is selling at a forward
premium, the dollar tends on average to appreciate over the length of the

forward contract, not depreciate as would be implied by interest parity.

74

1/ See also Bilson (1981), Longworth (1981), Huang (1984), Gregory and
McCurdy (1984). Froot (1990) reperts that the average estimated value of §
as in (3}, across 75 published estimates, is -0.88.

2/ Our choice of the term "forward premium" to describe the gap between
the current spot and forward rates is quite arbitrary. We could equally as
well use the term "forward discount" (as in, e.g., Froot and Frankel
(1989)), since a discount is just a negative premium,



Equivalently, via the covered interest arbitrage condition:

-us -*
in,e - in,c = fa,t - Se s (4)

(where ijS. and i;,t represent U.S. and foreign nominal interest rates on
identical assets of an n-period maturity), these findings indicate that,
when U.S. interest rates exceed foreign interest rates, the dollar tends on
average to appreciate over the holding period, not to depreciate in order to

offset on average the interest differential in favor of the U.S. 1/

Not only do these results indicate that interest parity is violated,
the inability of projection equations such as (3) to account for much of the
observed variance in actual exchange rate changes has led most, if not in
fact virtually all, researchers to conclude that:

forward premia contain little information regarding subsequenc
exchange rate changes. As emphasized by Dornbusch (1980), Mussa

(1979), and Frenkel (1981), exchange rate changes over the recent

period of floating seem to have been largely unanticipated (Cumby and

Obstfeld (1984), p. 139).

In this paper, we present a theoretical framework and provide evidence
that challenges the view--a view we shared until completing this project--
that forward premia contain little information regarding subsequent changes
in the spot exchange rate., Our theoretical framework--which draws upon a

similar framework developed racently by Hall, Anderson, and Granger (1992)

to study the term structure of treasury bill yields--predicts that in a

1/ See Froot and Thaler (1990) for a general discussion of this issue.
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(J + 1)-variable system of j forward rates and one spot exchange rate, there
should exist j cointegrating vectors and exactly one common trend which
propels the nonstationary component of each of the j forward rates and the
one spot exchange rate, In fact, the theoretical framework predicts that a
basis which spans the space of cointegrating relationships is just the

vector of the j forward exchange rate premia.

Using weekly data on the spot exchange rate and 1, 3, 6, and 12 month
forward exchange rates for Germany and the United Kingdom, we find for each
country that, when we estimate equations similar to (3), the estimaced slope
coefficient is, in every case, negative and significantly different from
unity. Thus, these results concur with the broad stylized facts of this
literature. Further analysis, however, indicates that, as predicted by our
theoretical framework and the Granger Representation Theorem (Granger and
Engle (1987)), the term structure of forward exchange rates together with
the spot exchange rate comprise a system that is well represented by a
vector error correction model. Employing Johansen’s (1991) maximum
likelihood approach, we test and confirm for each country the existence of
j = 4 cointegrating relationships as predicted by the theory. We then test
and confirm fﬁr each country the joint hypothesis that a basis for this
cointegrating space is the vector of four forward premia. We next test, and
reject for each country, the hypothesis that the spot exchange rate is
exogenous with respect to the term structure of forward rates. OQut-of-
sample dynamic forecasting exercises indicate that the information contained

in the term structure of forward premia can be used to reduce the root mean



[£ ¢h(j) t Is a stationary stochastic process, then the forward
exchange rate at horizon h(j) and the spot rate share a common stochastic
trend z, and are cointegrated such that the forward premium at horizon h(j)

is a stationary stochastic process:

h(jy.c - se = h(IB ¥ ECve 3-ve[8) + dngyy,c- (10)

It follows that. among the j forward rates and the spot exchange rate
contained in y., there will exist at least j cointegrating vectors that are
defined by the j forward premia fh(l),c * Scr fh¢2),c - Seo ""fh(j),t
- S, so long as the departures from interest parity at all horizons are
stationary stochastic processes. However, since (6) and (9) imply that all
j + 1 variables in y, share a common stochastic trend Zy, we know from the
results of Stock and Watson (1988) that there will exist exactly j
independent cointegrating vectors among the j + 1 variables in Y- Thus,

this theoretical framework has the following empirical implications.

First, a vector comprised of the spot exchange rate and j forward
exchange rates should be well represented by a vector error-correction
model. This follows from (6), (9), (10) and the Granger Representation
Theorem. Second, there should exist a unique common trend and thus exactly
j cointegrating vectors in such a system, an implication that follows from
(6) and (9) and the Stock-Watson Common Trends Representation Theorem (Stock
and Watson (1988)). Third, a basis for this space of j cointegrating
vectors should be defined by the j forward premia in this system
Eh(l),t - Sg. fh(2),t LT fh(j),t - s¢. This follows from (10). We

also note that the resulcts reported in Phillips (1990) imply chat it must be
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squared error in forecasting the spot rate by more than 33 percent at a

6-month horizon and by 50 to 90 percent at a l-year horizon.
iI. eoretj ewo

Consider a vector y, comprised of the logarithm of the spot exchange
rate s, and the logarithm of j forward exchange rates at horizoms

h(1l), . . ., h{j):

ye = [ser frqyy,er fhe2y,er - - oEngg),dd’ (3

We suppose, and confirm empirically below, that the spot exchange rate

possesses a unit root and evolves according to:

Sg = Zg ¥ Ve i ()

where v, is a zero-mean stationary stochastic process and z; is a random

walk:
Zpy =5+ Zp ) e . (7

Using equation (2), we define the deviation from interest rate parity atc

horizon h(j):

$ni),t = thei), e - EGen(y) 8- O (®

Combiring (6) and (8) we obtain an expression for the forward exchange rate

at horizon h(j):

Eneiy.e = h(idpu + z¢ + E(Vt+j|nt) + ¢h(j),t' (9)



possible to select a triangular representation of the cointegration space of
this system such cthat each of j variables in the system is cointegrated with

the one remaining "right-hand-side” variable not included among these j

variables.

If exchange rate changes As.,| are not Granger-caused by any other
available information--that is to say, agents have no information useful for
forecasting Asg,) beyond the history of that variable, so that E(Ast+1|nt) -
E(Ast+1|Ast, AS¢ 1, - . L)--our theoretical framework implies that the term
structure of forward premia should not contain any information that helps to
improve a forecast of the spot exchange rate given cthe history of the spot
exchange rate itself. Thus, merely establishing that spot and forward
exchange rates are cointegrated does not guarantee that the term structure

of forward premia contains useful information about the future path of the

spot exchange rate.

Conversely, if exchange changes As.,) are Granger-caused by available
information other than the history of the spot exchange rate, our
theoretical framework implies that the term structure of forward premia
should contain information that helps to improve a forecast of the spot
exchange rate given the history of the spot exchange rate itself. To see

this more clearly, rearrange (8):

h(j)

fh(j).t TS T E[ E: Asc+i‘ nt] * qsh(j).t: (i)
i=]
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From (l11) we see that the theoretical framework i{mplies that the forward
premium is the optimal forecast of the sum of h(j) future values of As.,
plus ¢h(j),t' If information other than the history of As. is relevant for
forecasting 4sy, cthen (11) implies that the forward premium must contain
information useful in forecasting As.. 1If As, is not Granger-caused by
other information, then (l1) implies that the forward Premium must be a
linear combination of current and lagged as., plus ¢h(j),C' In effect,
previous researchers have tested equacion (11) under the assumption that
oh(j)'t is constant:; they have then concluded that the forward premia
contain little information with respect to future exchange rate changes (see
the references cited above). It is the contention of this paper that, in so

doing, cthey threw the baby out with the bath water.

Note that we have deliberately avoided use of the term ‘risk premium’
to describe ¢h(j).t. This is because we remain agnostic as to the causes of
¢h(j),t. From ﬁquation (8), we see that ¢h(j),t is defined as any
departure from the simple efficient markets hypothesis (equation (2)).

While a number of researchers have interpreted this as due to risk, Froot
and Frankel (1989) have used survey data to show that the bias in the
premium as a spot rate forecast is not due entirely to risk. Indeed, these
authors cannot reject the hypothesis that all of the bias is due to

systematic expectational errors. 1/ This is not inconsistent with our

1/ Systematic expectational errors might be generated, for example, by
the influence of ‘chartist’ or ‘technical’ analysts on market traders
(Frankel and Froot (1990), Taylor and Allen (1992), Allen and Taylor (1993),
Froot et al (1992)), and/or because of learning by some traders (Lewis
(1989}, Cutler, Poterba and Summers (1990)). See Froot and Thaler (1990)
for a general discussion.



framework: ¢h(j) ¢ can be interpreted as the deviation of agents’
expectations from full market rationality. It is our contention that,
whatever the determinants of ¢h(j) ¢+ the forward rate contains valuable

information, which may be extracted, with respect to future spot rates.

Before moving on to the empirical results, we should comment on an
alternative theoretical framework that can be employed to interpret the
joinc behavior of the spot exchange rate and term structure of forward
exchange premia. Our framework imposes the testable restriction chat
¢h(j),t- the departure from interest rate parity, is a realization of a
stationary stochastic process. If instead ¢h(j),t possesses a unit root, we
should be able éo reject the hypothesis that each of the j forward premia
fh(l).c - S, fh(2).t < Spe . o+ s fh(j),t - s¢., 1s stationary. To see cthis
point, one which has been made recently by Evans and Lewis (1992), suppose

that:

Sh(jy, e = ¢I)xe + vyel (12)

where W, is a zero mean, stationary stochastic process, and X, is a random

walk. Using (9) we see that:

Fnej),c = N(dm + 2¢ + 6(1)xe + Exveaj + ¥ye (13)

From (6), we see that fh(j).: - sy inherits the unit root present in x..
Thus, if this alternacive interpretation of the data is correct, we should
be able to reject the hypothesis that each of the j forward premia is
stationary. Moreover, unless x, is proportional to z., this alternative

interpretation of the data also implies that among the } + 1 variables in



the system, there are two common trends and thus j - 1 cointegrating
vectors. Thus, a finding of j - 1 or fewer cointegrating vectors in a
system comprised of j forward exchange rates and the spot exchange rate is

evidence in favor of this alternative interpreration.

I11. The Data and Empirjcal Preliminaries

We investigate weekly data on spot and 4, 13, 26, and 52 week forward
exchange rates for West Germany and the United Kingdom, obtained from the
Harris Bank data base maintained by Richard Levich. The sample runs from
1977:1 through 1990:26. The choice of starting date reflects the view,
firsc expressed by Hansen and Hodrick (1982) in their classic study of the
forecastability of excess returns in the foreign exchange market, that
during the early years of floating and until the Rambouillet Agreement of
February 1976, market participants may very well have believed that a return
to fixed parities was imminent. If this was in fact the case, then
deparfures from interest parity during these years would have reflected not
only a risk premium, but also an extra component incorporating the effect of

a return to fixed parities on expected payoffs to foreign exchange

spaculation.

To see this, suppose that in the absence of a return to fixed exchange

races, the equilibrium spot rate is governed by:

S, Zyg. (14)



If the probability of a return to fixed rates is constant and equal to

1l - x, interest parity implies:
£1,¢ = m2¢ + (1 - MEseqs (15

where s.,; is the spot rate next period if floating exchange rates are
abandoned. Note that even if s, = s, the forward premium will not be
stationary during a sample in which a return to fixed exchange rates never

occurs, since from (l4) and (15) we have:
fl.t - s = (m - Dz, + (1l - m)s. (1l6)

If scy)] = Xpyp With x4 a unit root process, then during a sample in
which a return to fixed exchange rates never occurs, forward and spot
exchange rates will not even be cointegrated and at most only j - 1
cointegrating relationships can exist among a set of j forward exchange
rates and a spot exchange rate. This is of course just one example of a
"pesc problem" (Rogoff (1977), Krasker (1980)). As demonstrated by Evans
and Lewis (1992), it will often be the case that a peso problem introduces

an extra common trend into a system of spot and forward asset prices.

Table 1 reports the results of Dickey-Fuller tests of the null
hypotheses that the time series for spot and forward dollar exchange rates
for the United Kingdom and Germany contain a unit root. Three tests are
reported, a modified Dickey-Fuller t-test Z(TT) in which a trend and a
constant is included in the regression, a modified Dickey-Fuller t-test

Z(ry) in which only a constant is included, and a modified Dickey-Fuller
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F-test Z(®3) of the hypothesis that the change in each spot and forward rate
is stationary about a constant drift. We present Phillips and Perron (1986)
modified statistics which make a nonparametric correction for serial

correlation and potential heteroskedosticity.

The results in Table 1 confirm the findings, reported in many earlier
studies, that spot and forward mark and sterling exchange rates appear to
possess a unit root. In no instance can the hypothesis of a unit root in
the level of a spot or forward rate be rejected at even the 15 percent
level, while in all instances can the hypothesis that the change in a spot

or forward exchange rate is nonstationary be rejected at the 1 percent

level.

Iv. esting ¢ S o

In this section, we apply standard efficiency tests to our data, and
demonstrate that this generates results consistent with those found {n the
literature. In particular, we apply tests of foreign exchange market
efficiency under the assumption that ?h(j),t 1s a constant. We term this

the simple efficiency hypothesis.

Foreign exchange market efficiency tests have typically taken one of
two forms. One form of test has been undertaken in the regression framework

of equation (3), where the null hypothesis is Hg:8 = 1 (e.g. Hansen and



Hodrick (1980), Fama (1984), Cumby and CObscfeld (1984), McCallum (1992)).
1/ The second kind of test derives and tests the cross-equation
restrictions implied by (1l) for a vector autoregression (VAR) in spot rate

changes and the forward premium (e.g. Hakkio (1981)).

In this section, we apply only single-equation efficiency tests, for
two reasons. First, since as we shall see, these tests easily reject the
simple efficiency hypothesis, there is nc need to empley a second test which
exploits informaticn on the time series properties of the data (there is no
apparent lack of test power). Secondly, the single-equation tests are
simpler and yield a regression coefficient which can be interpreted
intuitively as a measure of the quality of the forward premium as a

predictor of the rate of depreciation.

We do, however, employ a VAR in the forward premium and the spot rate
change in order to generate the empirical distributions of our single-
equation efficiency tests. The procedure is as follows: we estimate a VAR
in the spot rate change and the forward premium. From this, we generate the
expected value of (st+h(j) - $¢) conditional on Hg, where H, is an
information set consisting of current and lagged values of the spot rate
change and the forward premium:

Ht - { Asc, Ast-l’ R (fh(j),t'st)' (fh(j),t-l'st-l) ...}

1/ A variant cf this test is to test an exclusion restriction on other
information known at time t in (3) (e.g., Hansen and Hodrick (1980)). Huang
(1984) uses Bayesian techniques and considers specific alternatives.
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Projecting both sides of (ll) onto H¢, holding ¢y(j), ¢ constant, we

have

h(j)
*

[ ft(j),t‘st - E[ | Ast+1| Ht] (17)
i=1

The right hand side of (17) is the VAR forecast of (5c+h(j) - S¢),
while since the current forward premium is an element of H., the
“theoretical forward premium", (ft(j) - st)*, should be equal to the actual
forward premium (less a constant term). Thus, we can generate artificial
data which has the same sample moments as the actual data but which satisfy
the simple efficiency restrictions by applying Monte Carlo metheds, using
the estimated VAR coefficients and residual covariance matrix, and
generating the theoretical spread from (17) using dyn#mic forecasts from the
VAR. We then regress cthe artificial (s¢ p(j) - s¢) onto (f(y),c - s¢)™ and
a constant intercept and generate a test-statistic as the square of the
ratio of the slope coefficient minus one to the estimated standard error of
the slope coefficient, This experiment is replicated one thousand times and
the percentage of times that the absolute value of the test statistic
exceeds the absolute value of the statistic obtained with the real dacta is
the empirical significance level of the test statistic, The asymptotic
significance level of the test statistic is also available since, under the
null hypothesis, it is asymptotically distributed as chi-square with one

degree of freedom.



The results of chese simple efficiency tests applied to the dollar-
sterling and dollar-mark data for the four horizons is given in Table 2. In
every case, the point estimate of the slope coefficient is negative.

Moreover, the hypothesis that the slope coefficient is unity is in every

case rejected with asymptotic and empirical significance levels less than

2 percent.

These results are thus in accordance with those of previous researchers

in this area.

V. A Vector Error Correction Model

Based upon the theoretical framework developed in Section 11 and our
finding that the variables under study are integrated of order one, we
investigate a dynamic vector error correction model {(VECM) (Engle and
Granger (1987); Johansen (1991)) for the spot exchange rate and the term
structure of forward exchange rates in the United Kingdom and Germany.
Letting yr = {s¢, 4, ¢s £13, ¢ f26,t- Esz't)‘ denote the j + 1 = 5 by 1
vector of the system’'s variables for a particular currency, the vector error

correction model can be written:

Ay, = 4 + Flﬂyt_l + . .+ D8y kel Myex + - (18)

1f the matrix II is of full rank r = 5, the VECH reduces to the usual VAR in
the levels of stationary variables. If Il is the null matrix so that r = 0,

the VECM represents a VAR in first-differences. The VECM differs from the



usual VAR in that it allows for the existence of long-run "equilibrium®
relacionships among a system’s variables. 1If the matrix Il is of reduced

rank r < 5, it can be factored intc the product of two 5 by r matrices a and

8 such that:
N =ap’; (19)

where 3’ is the r by 5 matrix of the system’s r cointegrating vectors, and a
is the 5 by r macrix of r adjustment coefficients for each of the system’'s 5

equations.

Each cointegraring relationship defines a long-run equilibrium te which
the system ultimately returns after a shock. The parameters in the a matrix
determine the rates at which each of the system’'s variables adjustc in
response to lagged deviations from the r cointegrating relationships. Stock
and Watson (1988) prove that the long-run behavior of a system of n
variables with r < n cointegrating relacionships is governed by n - r common
stochastic trends. Thus a test for the cointegration rank r is also a test

for the number of common trends.

Table 3 presents the results of two tests developed by Johansen (1991)
to investigate the hypothesis that the number of cointegrating vectors in a
system of n variables is less than or equal to r. Note that the Stock and
Watson results cited above imply that this is also a test of the hypothesis
that the number of stochastic trends in the n-variable system is greater
than or equal to n - r. According to both the trace and the A-max

statistics, we cannot reject for either the mark or sterling the hypothesis



that r < 4, but, we can reject at the 5 percent level the hypothesis thatr

r £ 3. Thus, for both sterling and the deutsche-mark, these findings are
consistent with the predictions of the theoretical framework that, in a
system comprised of a spot exchange rate and j forward exchange rates,
exactly one common trend and j cointegrating relations are needed to account

for the dynamic behavior of the system.

Another prediction of the theoretical framework is that a basis for the
space of cointegrating relationships is defined by the vector of j = 4
forward premia [fh,t - S¢y f13,¢ - se f26,c =S¢y f59 ¢ - oselT. A
likelihood ratio statistic is employed to test this hypothesis. Conditional
on there being four cointegrating vectors in the system, the likelihood
ratio test statistic for this hypothesis is distributed as x?(4) under the
null. The results of this test are reported in Table 4. As can be seen
from the table, for neither sterling nor the mark is it possible to reject
the hypothesis that the vector of forward premia defines a basis for the
space of j = 4 linearly independent cointegrating relationships implied by

the estimated VECMs for the United Kingdom and Germany.

We conclude from this evidence that the theoretical framework ocutlined
in Section II is well supported by the data. In particular, both mark and
sterling systems of the spot exchange rate and the term structure of forward
rates are well modeled by a VECM. In both systems, exactly one common trend
and thus four cointegrating vectors are required to explain the dynamic
behavior of spot and forward exchange rates. These four ceintegrating

relations are, as predicted by the analysis, defined by the vector of four



forward premia for each currency. We now investigate whether or not the
term structure of forward premia contains incremental predictive content for

the time path of the spot exchange rate.

Tables 5 and 6 present FIML estimates of the five-equation VECMs for
the sterling and mark systems, respectively. Of particular interest are the
results for the 4s, equation reported in the first two columns of the
tables. As can be seen in Table S5, the spot dollar-sterling exchange rate
is not exogenous with respect to lagged information contained in the term
structure of forward premia. Indeed, the lagged 13, 26, and 52 week forward
premia contain statistically significant information about the future path
of che dollar-sterling spot exchange rate that is not contained in the
lagged change in the spot rate. Similarly, Table 5 reports that the spot
dollar-mark exchange rate is not exogenous with respect to lagged
information contained in the term structure of forward premia. The entire
lagged term structure of forward premia contains statistically significant
information about the future path of the dollar-mark spot exchange rate cthat
is not contained in the lagged change in the spot dollar-DM rate. These
results suggest that, at least for dollar-mark and dollar-sterling spot and

forward exchange rates since 1977, the answer to the question that began

this paper is "yes".

In order to assess the usefulness of the information in the term
structure of forward exchange rates, the following out-of-sample forecasting
exercise was conducted. The full VECM for each currency was estimated

through 1989:26 and a forecast of the spot exchange rate for 1989:27 through



1990:26 was computed using only information available through the estimation
period 1977:1-1989:26. The model was then re-estimated through 1989:27, and
a dynamic forecast of tﬁe spot exchange rate in each week from 1989:28-
1990:26 was computed., This process was continued until the model was re-
estimated through 1990:25 and a single one step-ahead forecast was computed,
Figure 1 depicts at each horizon the ratio of the root-mean-squared error
{RMSE) of these forecasts to the RMSE cbtained from a naive random walk
forecast Et5t+j - s¢, the metric in which exchange race forecasts have been
judged since the original work of Meese and Rogoff (1983), while Table 7
gives detailed results for selected horizons. As can be seen in the figure,
the term structure of forward premia contains information that can

substantially improve forecasts of the dollar-mark and dollar sterling spot

exchange rates.

At a 10-week horizon, the forecast obtained from the estimated VECM for
the dollar-mark system has a RMSE that is 14 percent smaller than that
derived from the random walk forecast. At a horizon of 26 weeks, the VECM
forecast has a 33 percent smaller RMSE than does the random walk forecast.
At horizons of 40 weeks and longer, the VECM forecast for the dellar-mark

exchange rate has nearly a 50 percent smaller RMSE than the random walk

forecast.

At forecast horizons under 20 weeks, the VECM for the dollar-sterling
exchange rate is dominated by the random walk forecast. However, at longer
horizons, the VECM forecast substantially improves upon the random walk

forecast. At a 26-week horizon, the forecast obtained from the estimated



VECM for the dollar-sterling system has a RMSE that is some 33 percent
smaller than that derived from the random walk forecast. This forecasting
advantage is maintained at successively longer horizons. At horizons in
excess of 47 weeks, the forecast for the dollar-sterling exchange rate
obtained from the VECM bests the random walk forecast by more than

50 percent, with the RMSE declining to some 10 percent of the random walk

RMSE at the 52-week horizon.

These results are all the more impressive when one recalls that the
forecasts are entirely dynamic, with no extraneous information dated later
chan the date of the forecast. This contrasts with, for example, model-
based forecasting exercises such as Meese and Rogoff (1983) which use
information on exogenous variables dated later than the forecast date and

are still unable to beat the random walk convincingly.

VI. Conclusion

In this paper we have developed a theoretical framework and presented
econometric evidence which challenges the now common view that forward

foreign exchange premia contain little information regarding subsequent

movements in the spot foreign exchange rate.

Using a weekly data base on spot and forward dollar-mark and dollar-
sterling exchange rates, we were able to reject the simple efficient markets
(constant risk premium) hypothesis. It is evidence such as this which has

led previous researchers to ignore the information in the term structure
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with regard to future spot rate movements. The theoretical fraﬁework
developed in this paper, however, is able to accommodate rejection of the
simple efficiency hypothesis whilst still allowing forward premia to contain
information pertinent to future spot rate changes, and directly implies that
the appropriate way in which to extract this information is through the
estimation of vector error correcticn models in spot and forward rates,

rather than through single-equation methods.

The data strongly support this theoretical framework in terms of
satisfying the implied restrictions on the cointegration space and in
admitting VECM representations which provide dynamic, out-of-sample

forecasts which are extremely efficient when examined in the usual metric

(i.e., relative to random-walk forecasts).

While we remain agnostic as to the causes of departures from the simple
efficient markets hypothesis, the results of this paper demonstrate that
there is valuable information concerning the future path of spot exchange

rates which can be extracted from the term structure of ferward premia.



Table 1.

Unit Root Tests

Z(r,) Z(r,) rACZY
Dollar-Sterling
S¢ -1.27 -1.37 0.95
Asy T-26.32% -26.31* 346, 19%
£y ¢ -1.27 -1.39% 0.98
afy ¢ -26.32% -26.30% 346,13%
£13.¢ -1.28 -1.45 1.06
afyq ¢ -26.39% -26.38* 347.97%
fr¢.¢c -1.31 1.55 1.2¢6
afqg ¢ -26.35% -26.34% 347.05%
fs2.¢ -1.37 -1.74 1.55
afgp ¢ -26.78% -26.77% 358.50%
Dollar-Mark
5¢ -0.88 -1.01 0.72
ase -25.72% -25.72* 330.68%
£4.c -0.8% -1.01 0.71
Afa,c -25.71% -25.70% 330.36%
f13,¢c -0.91 -1.02 0.69
afy3 ¢ -25.86% -25.86% 334.31%
f26,t -0.96 -1.06 0.69
Afzﬁ_t -25.82% «25.81% 333.22%
£52 ¢ -1.08 -1.14 0.73
AfSZ,t -26.40% -26.39* 348.16%

Note; The sample is 1977:1-1990:26,

The Phillips-Perron Statistics

were constructed using a lag truncation parameter of 13 and a Newey-West
(1987) lag window, * indicates significance at the 1 percent level;

otherwise, not significant at the 15 percent level.



Table 2. Test of the Simple Efficiency Hypothesis

(seen(y) - Se) =@+ B (Ih(y),c = Sc) * feeh(y)

Hgip =1
1] ar-
hi{l) = & hi(2) =13 h(3) = 26 h(4} = 52
] X2 ? x2(1) V. xZ(1) F; ¥2(1)
-3.473 27.29 -3.790 18.90 -3.704 29.09 -3.128 72,44
(Q.BS6) (0.00) (1.102) {0.00) {0.872) (0.00) (0.485) (0.00)
[0.00] {0.001] [0.001] 10.00)
Qoua;-na:}g
h{l) = & h(2)} =13 h(3} - 26 h(4i) = 52
8 x2(1) ] x2(1) ] x2(1) ] x2(1)
-3.748 10.26 -3.176 8.18 -4 .,086 9. .46 -2.834 5.94
{1.481) (0.001) (1.4860) (0.004) {1.654) (0.002) (1.573) (0.01%5)
[0.002) [0.006] [0.008] [0.018}

Notes: Estimates obtained by least squares with a method of moments correction to the
covariance matrix to allow for moving average errors up to order (h{j)-1) {(Hansen
(1982)). Figures in parentheses below coefficient estimates are estimated standard
errors. Test scacistics are the squared "t-tatio® for Hyp:f =~ 1. Figures in parentheses
below test statistics are marginal significance levels from the x2(1) distribution;

those in brackets are the empirical significance levels generated by Monte Carlo
methods.



Table 3. Tests of

Cointegrating Rank of

Ye = Iser f4,60 f13,¢00 26,00 f52,¢)°

5 Percenc 5 Percent
A-max Critical Trace Critical
Statistic Value Statiscic Value
Dollar-Sterling
Ho: r £ 4 3,729 3.762 3.729 3.762
Ho: v £ 13 16.129 14.069 19.858 15.410
Dollap-Mark
Ho: r £ 4 0.196 3.762 0.196 3.762
Ho: v £ 13 16,245 14.069 16,441 15.410

Note: <Critical values are from Osterwald-Lenum (1990) Table 2.

These values are

correct if p > 0. If, in truth 4 = 0, the appropriate critical values are those

reported in Osterwald-Lenum Table 3.

Using these more conservative values and the

A-max statistic, we still reject at the 5 percent level for both currencies r < 3
in favor of r = 4. For the trace statistic, we reject at the 5 percent level for
sterling and at the 10 percent level for the DM the hypothesis r £ 3 in favor of

r =4,



Table 4. Tests of the Null Hypothesis that Four
Linearly Independent Forward Premiums Comprise a Basis
for the Cointegration Space

Marginal Significance

x2(4) Level
Dollar-Sterling 2.88 58 percent
Dollar-Mark 5.32 26 percent

Note: The test is conditional on there being four linearly
independent co-integrating vectors.



Table 3.

FIML Error Correction Model for the Five-Yariable System: Ocllar-Sterling

Lxplanatory Hodel for Asy Model for ofy todel for &fyy ¢ Model for afzg ¢ Hodel for &f¢y
Variable ’
Coeff. SE Coeff. SE Coeff. SE Coeff, SE Coeff, SE
25, -1.701 1.026 =1.749 1.023 ~2.044 1.023 =2.374 1.034 ~3.285% 1.07%4
ALy v-1 1.847 1.030 1.917 1.027 2.432 1.028 2.827 1.042 3,872 1.078
413 -1 s - -0.058 a.031 -0._407 9.0861 ~Q.467 0.089 -- .-
tfa6 ¢-1 -0.153 0.041 -0.130 0.032 - - b -- == --
243 - -¢.011 0.007 - .- -- -- - == -0.189 0.030
(3-f,0¢y - -- =0.14) 0.043 ~0.643 G.1135 -0.807 a.193 -0.72) 0.324
(s=fy33c-1 Q.203 0.071 -0.921 0.436 -0.981 0,306 0.187 6.072 0.300 0.076
($+L38)p-1 -¢.178 0.039 9.178 ¢.05% ~0.184 0.093 -0.123 0.080 -0.242 0.082
(s-fg2)¢-1 0.521 0.175 0.51% 0.174 0.4085 0.174 0.339 0.178 ~0.734 -0.182
Constant -%.002 g9.001 ~0.002 0.001 0.002 0.001 0.003 0.001 0.004 8.001
QUIT) = 7422 QEI1) = 73.16 Q1) = 15.91 Q(?7) = 12.22 Qe77) = 80.19
(¢.573 (0.60) (6.5

B(323) = 343.32

(6.24)

REST(18) = §.61
{0.94}

(0.63)

(0.38)

Hotes: A "-" Indicates that the coefficiant was found to be insignificant in the reduction process; the
Q-Statistics sre Ljung-Box Statisuics computed st 77 sutocorrslations of the residual series; H is Hosking's (1980)
ad at 13 aut

multivariats portmantesu statistic

axclusion restrictions.

dagreas of freedom indicated; figures in pacentheses are warginal significancs levels,

telations; REST is & likelihood ratio statistic for the
All statistics are distributed as central chi-squars under ths null hypothesis, with the



Table 6. FIML Error Correction Model for Fiva-Variable System: Dollar-Mark

faplanatory Modal for as, Hodal for afy o Hodel for afyy ¢ Hodel for 4%z ¢ Hodel for afgy
Variable
Coatf. SE Coeff. SE Coeff. SE Caeff. SE Coeff, SE
&8y .y -1.789 6.710 -1.234 q.20s -1.476 0,208 ~2.204 0.702 ~2.344 a.739
a2y 3.267 0.746 3.075 0.736 2.104 0.722 2.508 0,415 2.604 a.740
‘:[33,!. =1.799 0.229 ~1.6433 0.212 -1.596 0,182 -0.9e83 0.14] -0.252 0.033
sfag y 0.328 0.067 9.310 o.057 0.217 0.040 -- -- - --
afg; -- -- -~ - -- - -- -- -- -
{8-C )y ~0.981 0.21) -0.93% -0.242 0.601 0N 0.397 0.171 0,596 0.17
(s-C13)yp-1 ~G. 743 0.202 -0.361 -0.128 -0.261 0.082 -0.283 0.087 -0.187 0.089
(5-Lpg)p-1 -0.376 0.143 .- -- -0.224 0.024 - .- ~0.18 0.010
(3=Cgple-y -0.061 ¢.018 0.408 0.135 0.412 0.135 0,366 0.135 -0.712 0.130
Constant 0.006 ¢.002 0,005 0.002 0.005 0.002 ¢.006 0.002 0.008 0.002
Q(77) = 72.21 Qi?7?)y = 73,186 Q(77) = 74,91 Q(77) = 78.85 Q(?7) = 81,22
(0.63) (0.60) €0.55}) (0.43) {0.35)

B(325) = 337.38
(6.31)

REST(18) = 5.8
(0,90)

Notes: A "-" jindicates that the cosfficient was found to be insignificant in the reduction process; tha
Q-Statistics ares Ljung-Box Statistics puted at 77 aut relations of the residual series; H is Eosking's (19480)
muliiveriats portmantesu statlstic computed at 13 autocorrelations; REST is a likelihood ratio statistic for the
4xclusion festrictions. ALL statistics are distributed as central chi-square under the null hypothssis, with the
degrees of freedom indicated: figures in parentheses are marginal significence lavels.




Table 7. Rolliﬂg Estimation Forecast Results 1/

Ratio of RMSE from VECM system
Weeks ahead RMSE from VECM system to VECM from random walk

Dollap-Sterling

1 0.014 1.000
2 0.021 0.990
3 0.025 0.994
13 0.044 1.119
26 0.035 0.673
39 0.044 0.721
52 0.098 0.100

Dollar-Mark

1 0.014 0.989
2 0.020 0.978
3 0.024 0.969
13 0.050 0.825
26 0.071 0.636
39 0.076 0.536
52 0.084 0.552

1/ RMSE stands for root mean square error of the forecast.
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