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NON-TECHNICAL SUMMARY

This paper revisils one of the oldest questions in mternational finance: does the
torward exchange rate contain useful information about the future path ot the
spot exchange rate? Protessicnal thinking on this subject has undergone a
significant shift over the past 20 years. The uncovered interest parity theorem
states that the expected change in the exchange rate should be equal to the
interest differential between the relevant currencies, while the covered interest
parity theorem holds that the percentage difference between the spot and
torward exchange rates — the torward premum — gquals the nterest rate
differential. These theorems when combined with the efficient markets
hypothes:s imply that the equilibrium forward exchange rate established now tor
delivery ot toreign exchange n penods ahead should be the best available
predictor of the level of the spot exchange rate realised n periods later.

Tests of this hypothesis —~ sometimes termed the simple efficiency hypothesis —
have generated a volurminous literature over the last decade. Early tests are
based on regressions of the ({uture) spot rate on the forward rate {for that future
penicd) and other variables. If the simple efficiency hypothesis was true, the
torward rate should have a coefficient of one and the other variables coefficients
of zero. These early tests supported the hypothesis, but it was soon realised that
the tests were inappropriate because the variables involved were non-stationary.
Subsequent investigations attempted to circumvent this problem by regressing
the change in the spot rate on the torward premium (the difference between the
torward and the spot rales); these tests suggested that the forward rate is not
the optimal predictor of the future spot rate. In {act, the forward rate tends to
muspredict the direction of subsequent spot rate changes.

A debate has subsequently emerged in the literature as {0 the causes of the
rejection ot the simple efficiency hypothesis, with some authors tavounng the
presence of a nsk premuum and others suggesting mefficient information
processing on the part of market participants. This issue is still largely
unresolved, although empirical studies employing survey data on expected
exchange rates have shown that the nsk premium story cannot totally explain
the phenomenon.

Given the rejection of the simple efficiency hypothesis, and the tendency of
torward rates to muspredict the direction of exchange rate movemenis,
economusts have tended to dismiss the torward rate as contamning little
information concerning subsequent spot rate movements. This paper challenges
such a view.

Our theoretical tramework ~ which draws upon a similar framework developed
recently by Hall, Anderson and Granger to study the term structure of treasury



bill yields ~ predicts that in a system of jforward rates and one spot exchange
rate, there shouid exist j ‘contegrating’ vectors and exactly one common trend
which propels the noen-stationary 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 ot contegrating relationships is just the vector of
the j{orward exchange rate premta.

Using weekly data on the spot exchange rate and one-, three-, six- and
twelve-month forward exchange rates tor Germany and the United Kingdom, we
find tor each country that when we regress the change in the spot rate on the
{orward premium, the estimated slope coefficient is, in every case, negative and
significantly different trom unity, which s consistent with the broad stylized facts
ot this Bterature. Further analysis, however, indicates that as predicted by our
theoretical framework the term structure of forward exchange rates together with
the spot exchange rate comprise a sysiem that 15 well represented by a vector
error correction model. We then test and confirm tor each country ihe existence
ot j = 4 cointegrating refationships as predicted by the theory. We next test, and
reject tor each country, the hypothesis that the spot exchange rate 15 exogenous
with respect to the term structure of forward rates. If exchange rate changes are
not 'Granger-caused’ by any other available information — that s to say agents
have no information useiul for torecasting the changes beyond the history ot that
vaniable, our theoretical framawork implies that the term structure of torward
premsa should not contain any information that helps to mprove a forecast of the
spot exchange rate given the 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 ot forward premia contains usetul
intormation about the future path ot the spot exchange rate. Conversely, i
exchange changes are Granger-caused by available information other than the
history ot the spot exchange rate, our theoretical framework implies that the term
structure of forward premua should comtain intormation that helps to improve a
torecast ot the spot exchange rate given the history of the spot exchange rate
itself. We therefore conduct out-ct-sample dynamic forecasting exercises, which
indicate that the information contained in the term structure of torward premia
can be used to reduce the error in forecasting the spot rale by more than 33%
at a six-month horizon and by between 50% and 90% at a one-year horizon.

Sidestepping the 1ssue of what causes the tailure ot the simple efficiency
hypothesis, we are theretore able to develop a simple theoretical refationship
between spot and torward rates which has tesiable implications: that forward
premia are linearly independent stationary processes which are capable ot
torecaslting the spol exchange rate, and that the appropriate way to extract this



information is through the estimations of vector error correction models of the
spot and the forward rates, rather than through single-equation methods.

Notwithstanding the weli-documented rejection of the simple efficiency
hypothesis, the paper thus demonstrates that forward rates contain vaiuable

intormation — which may be extracted — with respect to the course of future spot
rates.



1. JIntroduction

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 undergene a significant shift over the past twenty years.
Combining the uncovered interest parity theorem (Fisher (1930)) with the
covered interest paricy theorem {Keynes (1923)) and the efficient markets
hypothesis, the eguilibrium forward exchange rate established at date t for
delivery of foreign exchange at date t + n, Fy ¢, snould be the best
avajlable predictor of the level of the spot exchange rate realized at date
t+mn, Spen i/ In an influential paper, Frenkel (1981} tested this
hypothesis using data for the 1970s. Running lopg-linear regressions of the

form:
Sgep = 2 ok BEy ¢ b ¥ fpgn (1)

Where lower-case letters denote variables in logarithmic form, ne found that
ne could not rejeer the hypothesis that § « 1 and v = 0, where z; is a
vector of information variables kmown at time t. These results were taken

to pe supportive of the efficient markets - interest parity hypothesis tnat:

Elspynife) - e (2)

L1 See Hodrick (1987), MacDonald and Taylor (1992) and Froot and Thaler
(1990) for general discussions of the emplrical evidence on ilnternational
parity conditions and on the efficiency of foreign exchange markets. Isard
(19%3) and Tayler (1993) discuss uncovered and covered interest parity in
detail.



where {1, is the set of information available to the market at time .

In the early 19805, researchers such as Hansen and Hodrick (1980},
Cumby and Obstfeld (1980, 1984), Meese and Singleton (1982), Fama {198%4),
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--s,,, and
fn, v are nonstatiomary varisbles, the usual asymptotie theory inveked 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:

Spin - Sp =@+ BlE ¢ - sg) 4 oegyq. (3)

In distinct contrast to the findings reported for the levels
regressions run by Frenkel (1981) and others, Fama {1%84) and Cumby and
Obstfeld {1%84) and others {(most recently MeCzllum {1992)) find that the
forward premium mispredicts the direction of the subseqguent change in the
spot rate. 1/ That is, when foreign exchange is selling at a forward
premium, the dellar temds on average to appreciate over the length of the

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

2/

1/ Ses also Bilson (15981}, Longworth (1981}, Huang {1984), Gregory ana
McCurdy (1984). Froot (1990} reports that the average estimated value of §
ag in (3), across 75 published estimates, is -0.88,

2/ OQur 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.



Eguivalently, via the covered interest arbitrage condizion:

us ok
in,e ~ tne = Ene o se )

{where i%?t and i;.t represent ¥.S. and foreign nominal interest rates on
1denticat assets of an n-period maturity), these findings indicate that,
when U.5. interest rates exceed foreign interest rates, the dollar tends on
average to appreciate over the holding period, not to deprectate in order o

affset on average the interest differential in faver of the U.5. 1/

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

... forward premia contain little information regarding subsequent

exchange rate changes. As emphasized by Dornbusch (1380), Mussa

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

period of floating seem to have been largely umanticipated (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 centain little information regarding subsequent changes
1n the spot exchange rate. OQur theoyetical framework--which draws upon a

similay framework developed recently by Hall, Anderson, and Granger (1832}

to study rthe term structure of treasury bill yields--predicts that inm a

i/ See Froot and Thaler {1990) for a general discussion of this issue.



PR

(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 Cheoretical framework predicts that a
basis which spans the space of cointegrating relationships is just the

vector of the } forward exchange rate premia.

Using weekly data on the spot exchange rate and 1, 3, 6, and 12 month
forvard exchange rates for Germany and the United Kinggom, we find for each
country that, when we estimate equations similar to {3}, the estimated 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
tneoretical framework and the Granger Representation Theorem {Granger and
Engle (1987)), the term structure of forward exchange rates together with
the spot exchange rale comprise a system that 1s well represented by a
vector error coerraction model. Employing Johansen's {1991) maximum
likelihood approach, we test and confirm for each country the existence of
j = & cointegrating relationships as prediected by the theory. We then test
and confirm for esach country the joint hypothesis that a basis for this
cointegrating space is the vector of four forward premia. We next test, apd
reject for each country, the hypothesis that the spot exchange rate is
exogenous with respect to the term structure of forward rates. Out-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
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squared error im forecasting the spot vate by more than 33 percent at a

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

I1I. Theoretical Framewnrk

consider a vector y, comprised of the logarithm of the spot exchange
rate sy and the logarithm of j forward exchange rates at horizons

nfl), . .o h(3

Ye = I15er fheiy,er fhedy, e <oyl (3)

We suppose, and confirm empirically belew, that the spot exchange rate
possesses a unit root and evolves according to:

Sg = Zyp F Ve {6)

where v 15 a zero-mean stationary stochastic process and zp is a random

wallk:
Zy = p o+ Zey toep - (7

Using equation {2), we define the deviation from interest rate parity at
norizon n(j):
), e = fngg),e - EGun) g (8)

Combining (6) and (B) we obtaln an expression for the forward exchange rate

at horizom n(j):

fheyy,c = nlide +ze + ECveyy |0 + dngdy e {9
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if ¢h(j).t is a stationary stochastic process, then the forward
exchange rate at horizen h{j) and the spot rate share a common stochastic
trend z,. and are colntegrated such that the forward premium at herizon hk(j)

is a stationary stochastic process:
fagiy,e - Sc =BG * Evp -ve|00) + by e {10)

It foilows that, among the j forward rates and the spot exchange rate
contained in y., there will exist at least j cointegrating vecters that are
defined by the j forward premia fh(l).t - &, fh(Z).t - B -‘-efh{j),t
- 8y, S0 lonmg as the departures from interest parity at all horizons are
stationary stochastic proecesses. 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 framewerk has the follewing 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 fellows from (&), {9}, (10) and the Granger Representation
Thecrem., Second, there should exist a unigue common trend and thus exactly
j ecointegrating vectors in such a system, an implication that foilows from
{8} and (9) and the Stock-Watson Common Trends Representation Theorem (Stock
and Watsen (1988)). Third, a basis for this space of } eointegrating
vectors should be defined by the j forward premia in this system
fh(l),t - Bp, fh(2),t - Bpy sy fh{j),z - s.. This folliows from (10). We

also note that the results reported in Phillips (1990} imply that it must be



possible to select a triangular representation of the coinctegration space of
this system such cthat each of j variables in the system is ceintegrated with
the one remaining "rignht-hand-side" variable mot included among these )

variables.

If exchange rate changes As..; are not Granger-caused by any other
available informatien--that 1s te say, agents have no informatioen useful for
forecasting As ;; beyond the history of that variable, sc that E(Ast+1]ﬂt) =
E(As .y |Ase, As. g, .}--our theoretical framework implies that the term
structure of forward premia should not conktain any information that helps to
improve a forecast of the spot exchange rate given the hiztory of the spot
exchange rate itself. Thus, merely establishing that spet and forward
exchange rates are colntegrated does not guarantee that the term structure
of forward premia centains useful information about the future path of the

spot exchange rate.

Conversely, if exchange changes A5, are Granger-caused by available
information other than the history cof the spot exchange rate, our
thecoretical framework wmpiies that the term structure of forward prem:ia
should contain information that helps fo improve a forecast of the spot
exchange rate given the history of the spot exchange rate itself, To see
cthis more clearly, rearrange {(8):

n(il

gy e " S~ E z Ast:-l-i’ o

1wl

N + ¢h{j),t (11)



From {11} we see that the thecretical framework implies that the forward
premium is the optimal forecast of the sum of h(j} future values of ASg,
plus ¢h(j),c- If raformation other tham the history of As, is relevant for
forecasting As., then (11} implies that the forward premium must contain
information usaful in forecasting as.. If As. is not Granger-caused by
other information, then (11} implies that the forward premium must be a
linear combination of current ang lagged 4s,, plus éh(j},t' In effect,
previous researcners have tested equation {11) under the assumption that
¢h(j),c is constant; they have then cencluded that the forward premia
contain little information with respect to furure exchange rate changes (see
the references cited above). It is the contention of this paper that, in so

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

Note that we have deliberately aveided use of the term 'risk premium’
to describe ¢h{j},t. This 1s because we remain agnostic as to the causes of
éh{}},t. From equartion (B), we see chat ¢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 (1%89) nave used survey data to show that the bias in the
premium as a spot rate forecast is not due entively to risk. Indeed, these
authers cannot reject the hypothesis that all of the bias is due to

systematlc eXpectational errors, 1/ This is not inconsistent with our

i/ Systematic expectational errors mignt 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}, Curler, Poterba and Summers (19%0))., See Froot and Thaler {1990}
for & general discussion.



framework: ¢h{}},t can be interpreted as the deviation of agents’
expectations from full market rationalicy. It is our contentioen that,
whatever the determinants of ¢h(j) ¢, the forward rate contains wvaluable

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

Before moving on to the empirical results, we should comment on an
aiternative tnecretiecal framework that can be employed to interpret the
joint behavior of the spot exchange rate and term structure of forward
exchange premia. Our framework imposes the testable restrletion that
¢h(§}.t’ the departure from interest rate parity, 1s a realization of a
stationary stochastic process. 1If instead ¢h(j),t possesses a unit root, we
should be able to reject the hypothesis that each of the ; forward premia
fh(i),t . B, fh(Z),t - Sg, oy fh(j),t - 5¢. is statiomary. To see this
point, one which has been made recently by Evans and Lewis {1992), suppose

that:
$higy, e = LI + Wi, (12)

where w, 15 a Zero mean, stationary stochastic process, and X is a random

walk. Using {9) we see that:
fh(j),t = n{jlp + zp + g{i)=, + Et;vg;+_§ + Wic: €13)

from (6), we see that fh{j},t - 5p inherits the unit reot present in Xg.
Thus, if this alternative interpretation of the data is correct, we should
pe able to reject the hypothesis that each of the j forward premia 1s
stationary. Moreover, unkess X, is proportional to z., this alternative

interpretation of the data alse implies that ameng the j} + L variables in
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the system, there are two common trends and £hus j - L colntegrating
vectors. Thus, a finding of j - 1 or fewer cointegrating vectors 1n a
system comprised of j forward exchange rates and¢ the spot exchange rate 1s

evidence 1n favor of this alternative interpretation.

IIT, The Data and Empiriesl Preliminaries

We investigate weeltly data on spot and &, 12, 26, and 52 week forward
exchange rates for West Germany and the United Kingdom, obtained from the
Harris Bank data base maintained by Rienard Levich. The sample runs from
1977:1 chrough 1990:26. The cheice of starting date reflects the view,
first expressed by Hansen and Hedriek {1982) in cheir classic study of the
forecastability of excess returns in the forexgn exchange market, that
dauring the early years of floating and until the Rambouillet Agreement of
Febyuary 1976, marketr participants may very well have pelievea that a return
to fived parities was imminent. If this was in fact the case, then
departures from interest par:ty during these years would have reflected not
only a yisk premium, DUt also an extra component incorporating the effect of
a return to fixed parities on expected payoffs to foreign exchange

speculation.

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

rates, the equilibrium spot rate 1s governed by:

Sp = Zg. {14}



1f the probability of & return to fixed rates 1s constant and egual to

1 - m, interest parity implies:

fl.t = azy + {1 ~ M)E5.. {15)

where Sy, is the spot rate next period if floating exchange rates are
abandoned. Note that even if s, = 5, the forward premium will not be
stationary during a sample in which a return to fixed exchange rates never

coours, since from (14) and (15} we have:
fl,t - 5 = (1 - Lz + {1 -~ =)s. {18)

If Sp4] = Xpei WECDR Hpyy @ UNLE TOOL process, then during a sampie in
which a return to fixed exchange rates never occurs, forward and spot
exchange rates will not even be coaintegrated and at most only 3 - %
ceintegrating relationships can exist among a set of j forward exchange
rates and a spot excnange rate. This is of course just one example of a
"peso problem”™ {Rogoff (1977), Krasker (1980)). As demenstrated 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 mull
hypectheses that the time series for spot and forward dollar exchange rates
for the United Kingdem and Germany contain a un:it roet. Three tests are
reporved, a modified Dickey-Fuller t-test Z(7,} in walch a trend and a
comstant is inciuded in the regression, a modified Digkey-Fuller t-test

Z{f#) in which only a constant 15 included, and a modified Dickey-Fuller



F-test Z(%3} of the nypethesls that the change 1n each spot ana forward rate
15 stationary about a constant drifc., We present Phillips and Perron (1986}
modified statistics wnich make a nonparametric correction for serial

correlation and potential hecteroskedosticity.

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 roeot. In ne instance can the hypothesis of a unit reot an
the level of a spot or forward rate be rejected at even the 13 perecent
level, wnile 1n all instances can the hypothesis that the change 1n a spot
or forward exchange rate is nonstationary be rejected at the 1 percent

ievel,

IV, Zesting the Simple Efficrency Hypothesis

In this section, we apply standard efficiency tests to our data, and
demonstrate that this generates results consistent with these found in the
literature. In particular, we apply tests of foreign exchange market
efficiency under the assumption that ¢h(§},t is a constant. We term this

the sampie efficiency hiypothesis.

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

of equation (3}, where the null hypothes:s 1s Hgif = 1 te.g. Hansen and
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Hodrick (1980), Fama ¢1984), Cumby and Obstfeld (1984), HMeCallum (1992);.
i/ The second kind of test derives and rests the cress-equation
restrictions implied by (11) for a vector autoregression (VAR} in spet rate

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

In this seetion, we apply only single-eguation efficiency tests, for
two reasons. First, since as we shall see, these tests easily reject the
simple efficiency nypothesis, there 15 no need to employ a second test which
exploits information en the time series proparties 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 guality of the forward premium as a

predictor of the rate of depreciation.

We do, however, employ & VAR in the forward premium and the spot rate
change in order te generate the emplrical distributions of our single-
equation efficiency tests. The procedure s as follows: we estimate & VAR
in the spot rate change and the ferwarg premium. From this, we generate the
expected value of (Seingg) - s¢) conditional om Hg, where Hy 1s an
information set consisting of current and lagged values of the spot rate

cnange and the forward premium:

Ht = { Ast, Ast_l, . {fh(j),c'st)‘ (fh(j).t-l-sc-i) ...}

1/ A variant of thlg test is to test an exclusion restriction on other
snformation known at time t in (3) (e.g., Hansen and Hodrick (1%80)). Huang
{1984) uses Bayesian techniques and considers specific alternatives,



Projecting botn sides of (11) onto Hy, holding ¢h(j} £ comstani, we

have

Hc] (17)

The right hand side of (17) 1s the VAR forecast of t5t+n{j) - S},
wnile since the current forward premium is an element of Hy, the
"theoreticat forward premium”, {fr(4) - 53)*: should be equal to the actual
forward premium {less a constant term). Thus, we can generate artificial
data which nas the same sample moments as the actual data but which satisfy
the simple efficlency restrictions by applying Monte Carle metheds, using
the estimated VAR coefficients and residual covariance matrix, and
generating the theoretical spread from (17) using dynamic forecasts from the
VAR. We then regress the artificial {St,n(j} - 5¢} onto (fh(}}.t - st)* and
a constant intercept and generate a test-statistiec as the sguare of the
ratic of the slope coefficilent minus one to the estimated standard error of
the slope cecefficient. This experiment is replicated one thousand times and
the percentage of times that the absolute value of the rest statistic
exceeds the absolute value of the statistic obtained with the real data is
the emptrical significance level of the test statistic. The asymptotic
significance ievel of the test statistic is also available since, under the

null hypothesis, it is asymptetically distributed as chi-square with one

degree of freedom.



The results of these simple efficiency tests applied to the dollar-
sterling and dollar-mark data for the four horizons is given in Table 2. 1In
every case, the point estimate of the slope ceefficient is negative.
Moreover, the nypothesis that the slope coefficient is umity is in every
case rejectec with asymptotic and smpirical significance levels less than

2 percent,

These results are thus in accordance with those of previous researchesrs

in this area.

V. A Vector Ervor Correction Model

Based upon the theoretical framework developed in Section II and our
finding that the variables under study are integrated of order one, we
investigate a dynamic Veetor errer cerrectiom 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 y, = isy, £ o, f13,c' fog ¢+ f59 ¢]’ denote the j + 1 - 5 by 1
vector of the system's variables for a particular currency, Lhe vecioy errer

correction model can be written:

Ayp = # v Tibyp.q + + P18l * Mo + O (18}

If the matrix I is of full rank r = 3, the VECM reduces to the usual VAR in
the levels of stationary variables. If I1 is the null matrix seo that r = O,

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



usual VAR in that it allows for the existence of long-run "equilibrium®
relationships among a system’s variables. If the matr:ix Tt is of reduced
rank ¥ < 5, it can be factored into the product of twe 5 by r matrices « and

B such that:

- ap'; (19)

where B' 15 the r by 5 matrix of the system's T cointegrating vectors, and o
15 the 5 by r matrix of r adjustment ceefficients for eaen of the system's 5

equations.

Each cointegrating relationship defines a long-run equilibriuwm ro which
the system uitimately raturns afcer a shock. The parameters in the o matrix
determine the rates at which each of the system's variables adjust in
response to lagped deviations from the r coxntegrating relationships. Stock
and Watson (1988) prove that tne long-run behavier of a system of n
varisbles with r < i coeintegrating relationshaps is governed by n - r common
stochastic trends. Thus a rest for the colntegration rank r 1s also a test

for the number of common trends,

Table 1 presents the results of twe rests developed by Johansen (1991)
to investigate the hypothesls that the number of cointegrating vecters in a
system of n variables is less than or equal te r. HNote that the Stoeck and
WYatson resulrts cited above imply that thls is also a rtest of the hypothesis
that the number of stochastic trends in the n-variable system is greater
than or equal to n - ¥. According to beth the trace and the A-max

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



that 1 £ 4, but, we can reject at the 3 percent level the hypothesis that

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 comprisec¢ of & spot exchange rate and j forward exchange rates,
exactly one common trend and j colntegrating relations are needed £o account

for the dynamic benavior of the system.

Another prediction of the cheoretieal framework is that a basis for the
space of cointegrating relationsnips 1s defined by the vector of j = &
forward premia ff&'t < Sp. f13,t - Sps fzs,c LT f52,t - 5.7 A
likelihood ratio statistic is employed to test this nypothesis. Conditional
on there being four cointegrating vectors in the system, the likelihood
ratle test statistic for this nypothesis 1s distributed as xztb) undar the
null., The results of this test are reported in Table 4. As can be seen
from the table, for neitner sterling ner the mark is it pessible to reject
the hypethesis that the vectoer of forward premia defines a basis for che
space of 3 = 4 linearly incependent cointegrating relationships implied by

the estimated VECHs for the United Kingdom ang Germany.

We conciude from this evidence that the theoretical framework outlined
1o Sectien II 1s well supported by the data. In particular, both mark ang
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
benavior of spot and forward exchange rates. These four cointegrating

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



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

the time path of the spot exchange rate.

Tables 5 and 6 present FIML estimates of the five-equation VECHMs for
the sterling and mark systems, respectively. Of particular interest are the
results for the As, eguation reported in the first two columms of the
tables. As can be seen in Table 3, the spot dollar-sterliang exchange rate
is mot exogenous with respect to lagged information contained in the term
structure of forward premiz. Indeed, the lagged 13, 26, and 52 week forward
premia contain statistically significant information about the future path
of the dollar-sterling spot exchange rate that is not contained 1n the
lagged change in the spot rate. Similarly, Table 5 reports that the spot
dellar-mark exchange rate is not exogenous with respect to lagped
information contsined 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 spet exchange rate that
is not contained in the lagged change in the spot dollar-DM rate. These
results suggest that, at least for dollar-mark and doilay-sterling spot and
forward exchange rates since 1977, the answer to the question that bepan

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 VECHM for each currency was estimated

through 1989:26 and a forecast of the spot exchange rate for 1989:37 through
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1990:25 was computed using only information available through the estimation
perrod 1977:1-1989:26, The mocdel was then re-estimated through 1989:27, and
a dynamic forecast of the spot exchange rate in each week from 1989:28-
1990:26 was computed. This process was continued until the meael 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-sguared error
(RMSE) of these forecasts to the RMSE obrained from a nailve random walk
forecast Et5t+3 = g,, the metric 1n which exchange rate forecasts have been
judged since the original work of Meese and Rogoff (1983), while Tadle 7
gives detailed results for selected hoerizons. As can be seen in the fipure,
the term strueture of feorward premia contains information that can
substantiaily improve forecasts of the dollar-mark and dollar srerling spoct

exchange rates,

At a 10-week horizen, the forecast obtained from the estimated VECM for
the dellar-mark system has & RMSE that 1s 14 percent smaller than that
derived from the random walk Forecast. At & horizon of 26 weeks, the VECH
forecast has a 33 percent smaller RMSE than does the random walk ferecast.
At horizons of 40 weeks and longer, the VECH forecast for the dollar-mark
exchange rate has nearly a 50 percent smaller RMSE than the random walk

foracast.

At forecast horizons under 20 weeks, the VECHM for the dollar-sterling
exchange rate is dominated by rhe vandom walk forecast. However, at fonger
norizons, the VECH forecasc supstantially improves upon the random walk

forecast., At a 26-wesk horizon, the forecast cobtained from the estimated



VECH for the dollar-sterling system has a RMSE that 1s some 33 percent
smaller than that derived from the random walk forecast. This forecasting
advantage 15 maintained at successively longer horizons. At horizens in
axcess of 47 weeks, tha forecast for the dollar-sterling exchange rate
obtained from the VECH bests the random walk forecast by more Than

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

RMSE at the 5Z-week horizon.

These results are all the more impressive when eone recalls that the
forecasts are entirely dynamic, with no extranecus information dated later
than the date of the ferecast. This contrasts with, for example, model-
pased forescasting 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 convineingly.

V1. Conelusion

In this paper we nave developed a theorectical framework and presented
econometric evidence which challenges the now common view that ferward
foreign exchange premia contaln little informatien 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) hypethesis. It is evidence such as this which has

ied previcus researchers Co ignere the informatien in the term stricturs



with regard to future spot rate movements. The theoretical framework
developed in thils paper, nowever, is able to accompodate rejection of the
simple efficiency hypothesis whilst still allowing forward premiza 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 correction models in spot and forward rates,

rather than through single-eguation methods.

The data strongly support this theoretical framework in terms of
satisfying tne implied restrictions on the colntegration space and in
admitting VECH representaticns which provide dynamic, ocut-of-sample
forscasts which are excremely efficient when examined in the usual metric

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

While we remain agnostic as to the causes of departures from the simple
efficlent markets hypothesis, the results of this paper demonstrate that
there 15 valuable infermation concerning the future path of spot exchange

rates whicn can be extracted from the term strusture of forward premia.



Tabie 1,

Unit Reot Tests

Z2ry) AL Z{®3)
Dollar-Sterling
St -1.27 -1.37 0.95
Asy -26,32% -26,31% 346.19%
£y ¢ -1.27 -1.39 0.98
afy o -26.32% -26.30% 346 13%
f13,¢ -1.28 -1.43 1.06
afy3 ¢ -26.39% -26.38% 347.97%
fa5. ¢ -1.31 1.55 1.20
afag ¢ -26.35* -26.34% 347.05%
fso ¢ -1.37 -1.74 1.55
Afsz't -26.78% -28.77% 358.50%
Dollar-Mark
Sy -0.88 -1.01 0.72
A5y -25.72% -25.72% 330.68%
T -0.89 -1.01 0.71
Afy ¢ -25.71% -25.70% 330.36%
fia,¢ -0.91 -1.02 0.69
Afyg ¢ -25.B6% -25.86% 334,31%
£96, ¢ -0.96 -1.06 0.69
Afgg ¢ -25.82% -25.81% 333.22%
f5z ¢ -1.08 -1.14 0.73
Afgs o -26.40% -26,39% 348 . 16%

Note: The sample is 1977:1-1990:26.

The Phillips-Perron Statlstics

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

otherwise, not signifiecant at the 15 percent level.



Table 2. Test of the Simple Efficiency Hypothesis
fSean(y) * 500 — ot B (hyy, e - Sed sy
Hy:g =~ 1
Doliar-Sterling
h{l) = 4 n{2 =~ 12 B{3) = 26 h{4) = 52
A x2(1) 5 X2 (1) p x2(1) B x2(1)
-3.473 27.2% -3.790 18.90 -3.704 29.09 -3.128 72,464
(0.856) (0.00) (1.102} (0.00) (0.872) {0.00) (0.485) {0.00)
{0.00) [0.001] F0.0011 [6.00]
Dollar-Mark
hil) = & h{2) = 13 h(3) = 26 hib) = 52
E x2(1) p X2 (1) B K1) £ ey
-3.746 10.26 «3.176 g.18 ~&4.,086 9.46 ~2.834 5.94
(1.48%) {0.00L) (1.460) {0.004) {1.654) {0,002) £1.573) (0.015)
10.0021 [0.006] [0.008] [0.018)
Notes: Estimates obtaimed by least squares with a method of mowents correction to the

covariance matrix to allow for moving average errors up to order (h{j)-1) {(Hansen

(1982)).

fTTOYS.,

Figures in parentheses below coefficient estimates are estimated standard

Test statistics are the squared "t-ratio™ for Hp:8 = 1. _Figures in parentheses

below test statisties are margimal significance lewvels from the xz(l) distribution;
those in brackets are the ewmpirical significance levels generated by Mente Carlo

methods.



Table 3. Tests of Cointegrating Rank of yp = lsc. £4 . £13 ¢, 26,z f57 ¢l

5 Percent 5 Percent
A-max Critical Traze Critical
Statistic Value Statistic Value
Dollar-Sterling
Ho: Tt £ 4 3.729 3.782 3.729 3.762
Ho; r £ 3 16.129 14.069 19.858 15,410
Poliar-Mark
Ho: ¥ £ 4 0.196 3.762 0.196 3.762
Ho: ¥ £ 3 16.245 14,069 16.441 15,410

Note: Critical values are from Dsterwald-Lenum (1990} Table 2. These wvalues are
correct if p > 0. If, in truth g = 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 favoer 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 rthe hypothesis r < 3 in favor of
r o= 4,



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

Marginal Significance

xHa) Level
Pollar-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

¥IML Error Correction Hodel for the Five-Variable Syatesm:

Dollag-Starling

Expianstory Hode: for Asp Hodol for At“,_ Hadex for At13‘b toder for Afpg ¢ Hodel for 8fgy p
Variable ! :
Coaff. SE Coaft, SE Conft. SE Coaft. sE Coaff. SE
a5y -3.701 1.026 -1.748 1.023 -2.0kd 1.923 -2,374 1.034  -3.p95 L.0T4
ALy gy 1.B47 1.030 1.817 1.027 2.532 1.028 2.8y 3.042 3472 £.078
Afyy g - - ~B. 058 0,031 -0.407 0.051 ~0.467 &.069 - -
ALp5 ¢y -9.153 0041 ~0.136 0,032 -- wr -- -- - -
4fgz g1 «0.011 0,007 - - - - -- -- ~0.188 0,030
(LR ey - - -0,143 0.D4S -0.643 9.115 ~6,807 0.193  -0.723 0.324
tsLygdp-y 0.z03 6,07 -0.521 0,436 -0,481 0.306 2.187 5.072 0.380 8078
[ELT 298 Ty -0.178 0.059 6,178 0.059 -D.184 £.053 -0,128 0.080  -0.2&8 0052
ta-f5p)p-g 0,521 6.175 6.518 0.174 8,485 0.174 0,338 0.176  -0.734 -0.182
Constent ~0.002 4.001 -0.002 0.001 o.on2 0.001 0,003 0.001 ©.004 0001

Q7T = 74,22

{G.57)

Q417) = 7316

(0.69)

Q(77) = 75.91

HII25) = 343,32

€0.25)

REST{18) + 9.B1

0,943

(G.51)

QUITYy = 72.22

{0,633}

Q(?7) » &0.19

{0.383

Hotea: A == Sndlcates thab the cosfficient wan found to be insignificent in the reductlon process; the
Q-Statistics are Ljung-Box Stutistles computad st 77 autscorralstions of the rosidual zeries; B s Hosking's {1960}
multivarists portmanteau statistis gomputod ab 13 astocorrolstions; REST is a Iikelihood ratic statisties for the

oxsiusion restrizticns.

degrons of froadom indlcated; figuros in parentheses are marginal significance ieveis.

ALl staotistics ore distributed as centrsl chi-zguare under tho null hypothasiz, with the



Table §. FIHL Error Corraction Hodal for Five-Variable System: Dollar-Mazk

Explanatary Hodel for asy Modol for Afy o Hods: for Afy3 ¢ Hodel for Afzg o Modol for Afsp p
Veriablae
Coaff. SE Coeff. SE Caetf. 5E Conff, SE Coeff, 5E
L ~1,789 0,718 ~1,.734 a.7es5 -1.876 0.7c00 ~2.284 0.702 ~2.34% 6.739
ALy ¢ 3.267 G.748 3.075 4.735 2.104 0.722 2.588 0.815 2,604 0.740
Af)5 g -1.798 6.220  -1.6433 0.212 ~3.506 0.162  ~0.935 0,143 -~0.252 9,933
Afag ¢ a.3z2e B.067 .3i0 G.057 G.277 0.C40 il b b -
aZgn e e B - - -- - -- - -
(S22 ¥R I ~0.9B1 £.213 ~G. 838 ~0.242 0.801 B.371 C. 587 B.371 b. 586 0.173
ia=Ladp.g -0.743 0.202 -C.361 -G.128 ~0.261 0.058 ~G.283 6.057 ~0.167 B.065
s Lag)pay ~0.376 0.143 - - 0,274 0.024 - - ~0.18 6,010
te=Tea)p -3 ~0.9F1 0.918 k0B 0.135 0,412 8,325 0,386 9,135 -0,712 2.130
Constant 0,008 0,002 0.005 0.o002 o.cas 9.002 0.00B a.082 0.008 ¢.0e2
Q{77) = 72.2% Q{?7) = 73.16 Qi77) = 74.81 QL7 = 7865 Q(77) = 51,22
{0.63) {0.60) 10.55) 10.43) {9.38)

H(325) = 337.36
{0.31}

REST{18} = 5.8
{098}

Hates: A =" lndicates theat the toeffictlent was found to be insignificsnt in the ceductlon process; the
G-Sratistics are Liung-Box Statistles cowputed at 77 sutcecrrelations of the resldusl secies: E is Hosking's (1980)
multivariste portmantsnu atatistlc computed at 33 astocorrelstions; REST is a li¥olihood ratio statistis for the
oxciusion restrictions. ALl statisties sre distributed as contrasi chi-sguare under the null hypothesis, with the
degroes of freodem indicated; ffgures in parenthases are marginal significance tevols,



Table 7. RBRolling Estimation Forecast Results 1/

Ratioc of RMSE from VECM system
Weeks ahead RMESE from VECM system to VECM from random walk

Dollar=Sterling

1 0.014 1.000
2 0.021 0.990
2 0.025 0.994
13 0.044 1.119
26 0.835 0.673
as 0.044 0.721
52 g.098 0.100
Bpllar-Mark
1 0.014 0.989
2 0.020 0.978
3 0.024 0.969
13 ©.050 0.825
26 0.071 0.636
39 0.076 0.536
52 0.084 0.552

1/ HRMSE etands for root mean square error of the forecast.
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