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This paner specifies the single-beta capital asset pricing mudel for the pricing of forward foreign
exch. nge contracts from the point of view of a U.S. investor. Parametric specification of the betas
as ARCH-like processes explicitly allows for time variation as well as sign variation of the risk
premium in the forward forcign exchange market. I estimate the model jointly for four currencies,
using a generalized method of moments procedure. The results show significant time variaiion for
the betas and tests of the overidentifying restrictions are generally favorable to the modei.

1. Introduction

Exchange-rate volatility has beci 2 subject of intercst and concera since the
major industrialized nations moved to floating rates in 1973. Considerable
research has focused on the conditional bias of the forward exchange rate as a
predictor of the future spot rate. This research asks whether price determina-
tion in the foreign exchange market is efficient. Theoretical international
finance models developed by Stockman (1978), Fama and Farber (1979),
Hodrick (1981), Roll and Solnik (1977), Stulz (1981, 1984), and Hodrick anc
Srivastava (1986) consider the pricing of forward exchange contracts in much
the same way as that of other financial assets. In these modeis, the forward
exchange rate generally differs from the expected future spot rate by a risk
premium. The available empirical evidence on models of foreign exchange risk,
however, has been mixed. Thus whether the conditional bias of the forward
exchange raie as a predictor of the future spot rate can be interpreied as a risk
premium is debatable.! For example, some recent empirical studies suggest

*I have received useful comments from Colin Cameron, Paul Evans, Bob Korajczyk, Huston
McCulloch, Randall Olsen, Jay Shanken, G. Wilkiam Schwert, seminar participants at Ohio State
University and the University of Rochester, Thomas Cooiey (the referee), and especially Jim
Bodurtha and John Long (the editor). J. Bodurtha and K.C. Chan provided much of the data. All
€ITOrS are my own.

'See Boothe and Longworth (1986) for a survey on these issues and historical referewu.ces. More
recently, explicit structurai models of the pricing of forward exchange contracts have been
estimated and tested by Cumby (1986), Frgle and Rodrigues (1987), and Kaminsky and Peruga
(1987). Meese (1986) and Evans (1986) conclude that exchangz rates have been influenced by
specuiative bubbics, while Frankel and Froot {1986) report violations of rational expectaticns
from an analysis of survey data.
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that exchange-rate movements have been dominated by speculative bubbies or
that expectations of foreign exchange market participants may not be rational.

I argue in this paper that there are important dimensions along which
empirical models of the risk premium have yet to be investigated and that it is
premature to abandon the risk premium interpretation of the conditional bias
of the forward rate as a predicior of the future spot rate. Specifically, I
consider the pricing of forward foreign exchange contracts in the context of
the single-beta capital asset pricing model (CAPM). The singie-beta represen-
tation can be derived from a varicty of economic environments and has been
the subject of previous empirical investigations of the pricing of forward
foreign exchange contracts. In contrast to much of this work, however, I
ccnsider generalizations in two important dimensions. First, the CAPM is
specified in a conditioral environment where the beta, which is the ratio of a
conditional covariance and a conditional variance, is parameterized following
Engle’s (1982) ARCH modeling strategy.? Although a constant beta specifica-
tion can be consistent with time variation in the risk premium as a result of
time variation in the expected excess return on the reference asset, sign
variatior in such an environment can occur only as a result of sign variation in
the expected excess return on the reference asset. The specification I consider
conveniently admits both time ard sign variation in the risk premium. Second,
some of the previous research assumes that the risk premium is priced relative
to a pure currency portiolio [e.g., Roll and Solnik (1977)). This paper treats the
pricing of forward contracts relative to a broader portfolio of assets that is
likely to be held by a representative investor — namely, one involving equity
returns.

The paper is organizzd as follows. The next section motivates the single-beta
CAPM specification for the risk premium. Section 3 discusses the data used.
The empirical specification and estimation procedures used are discussed in
section 4, and the empirical results are reported in section 5. Some concluding
remarks are reserved for section 6.

2. The single-beta representation

Let P, be the net-of-dividend nominal price of asset i at time ¢ — 1 and v
be its with-dividend nominal price at ¢. Also, let 7 and r/ denocte the nomin 11
rates of return from, 1 — 1 to ¢ of a reference portfoho p and asset f, whose
return is conditionally uncorrelated with r2. »/ will be referred to as the
cviditionally risk-free rate. A generic spec1ﬁcauon of the price level form o

zTi;h: method used here has reczunily been applied to the priciag of equities by Bodurtha and
Mark (3587,
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the single-beta CAPM in a conditional envircnment can be written as

Er—l(l/;i) - Bri:gE:—l('"ip = rrf)

Pi - , -
where
L= cov'-l(Vti’ r:p)
t— - 1]

"ar:—l("xp)

and E,_,(-), cov,_,(-), and var,_,(-) are the mathematical expectation, covari-
ance, and variance conditioned on the information available to investors at
t — 1. Investors are assumed to have rational expectations, so these mathemati-
cal conditirnal moments correspond to investors’ subjective condiiional mo-
ments.> This conditional specification can be inotivated by recent empirical
findings that time variation cf conditional means, variances, and covariances is
an important feature of financial market data.*

Eq. (1) corresponds to the equilibrium representation of asset prices in
the Sharpe (1964) analysis of the one-period problem confronting a mein-
variance optimizing investor. The beta, 87, is the marginal contributio: to
portfolio (variance) risk of asset i. The reference portfolio, p, in this case is
the market portfolio - the portfolio of all traded assets.’

Now consider taking an open position in a forward foreign exchange
contract. Let S and F be the nominal spot and one-period forward prices of
the foreign currency. Since there is a zero net investment at ¢t—1, the
net-of-dividend value of the contract at ¢ — 1 is zero and the speculative profit
or the with-dividend value at 1 is S, — F,_,. Let p,=(S,— F,_,)/F,_, be the
ex post nominal speculative profit from the forward contract normalized by
the forward rate. Now, pricing the forward contract according to (1) implies

Et-—l(p:) =Brp—'{,Ez—l(rlp-rtf)’ (2)

3Hansen, Richard, and Singleton (1982) demonstrate that the standard resuits from efficient-set
mathematics in an uncond:tional environment carry over to a conditional environment.

4See Diebold and Nerlove (1986), Cumby (1986), Campbeil (1987), Engle, Lilien, and Robins
(1987), Bollerslev, Engle, and Wooldridge (1988), Engle and Rodrigues (1987), and French,
Schwert, and Stambaugh (1987).

*In the empirical finance literature, the model is usuaily stated in an unconditional environment
and tested by examining cross-scctional relationships of asset returns on their betas, which are first
estimated from time-series regressions of individua! asset returns on ihe icturn of the reference
portfolio. Hansen and Richard (1987) demonstrate that the omission of conditioning int‘or.nga.tion
in the standard approach may be undesirable. The standard methodology has also been criticized
by Roll (1979) and is subject to an explicit error-in-variables problem since the regressors were
themselves estimated. Work by Gibbons (1982) and Shanken (1985) tries to salvage this methodol-
cgy. This paper uvses time-series methods, which avoid many of these problems.
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The ex ante payoff, E,_,(p,), is the risk premium. In this sense, the pricing of a
forward contract is similar to the pricing of any other asset and the risk
premium on a currency is proportional to the expected excess return on the
appropriate reference portfotio. The factor of proportionality or the beta is the
contribution of the forward position to overall portfoiiv risk.

In the standard specification of the CAPM in an unconditional environ-
ment, the beta is written as the ratio of the unconditional covariance and
variance and, therefore, is constant. Moreover, the ex ante return on the
reference portfolio is also treated as constant. This implies that the risk
premium is consiani — a hypothesis that has been soundly rejected. Here, a
constant beta is still consistent with time variation in the risk premium, due
possibly to time variation in the ex anie excess retura on the reference
portfolic. Although this excess return may be negative ex post, in the context
of the CAPM it should not be negative ex ante. Thus ailowing the beta to
change sign seems to be a satisfactory way to allow the risk premium to
change sign.

The theory provides little guidance on the appropriate reference portfolio
for empirical work. In the CAPM with perfect markets, both domestic and
foreign investors agrec that the world market portfolio is mean—variance
efficient. As Stulz (1984) argues, however, violations of the perfect market
assumption, due to differential taxation ai:d transactions costs or differsntial
political risks, cause domestic and foreign agents to differ in their assessment
of what constitutes the efficient portfolio. Consequently, neither the dom . stic
nor the foreign agent holds the world market portfolio.

The CAPM representation in (1) can be viewed as a partia. equilibrivma
asset pricing condition for the representative domestic agent where his
mean-variance efficieiit porifolio or his reference pertfelio is the one used. In
the empirical work, three candidate reference portfolios are considerea. Each
is an all-equity portfclio; where they differ is in the weight assigned to foreign
equities. The exclusion of assets in these candidate portfolios can be consid-
ered to be severe in that nonequity assets as well as assets from most of the
countries of the world are omitted. Whether these are good choiccs is largely
an empirical issue. The appropriateness of a candidate reference portfolio thus
forms part of the composite null hypothesis when inferences from the model
are drawn.

The single-bzta represeniaiion with nominal returns can also be derived
from an intertemporal setting under certain circumstances.® Suppose that the

1 am grateful to John Long for suggesting this line of reasoning.
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domestic representative investor can invest in assets p and f in any amount
with no restrictions on short saies. The first-order conditions from his in-
tertemporal optimization problem imply that E,_,[(r? — r/)U,] = 0, where r?
and r/ are as defined above and U, is the agent’s marginal utility of nominal
income in period #. This in turn implies

cov,[(r? = 1!), U] = —E,_{UE,_,(r? - /). (3)
Now consider taking an open position in a forward foreign exchange contract
at ¢ — 1. Since there is a zero net investment at ¢ — 1, the firsi-order condiiion
is E,_,i(S,— F,_,)U] = 0. This first-order condition in turn implics

COV,_l[p,, Ut] = —E, UE,_p. (4)
Combining (3) and (4) yields

cov,_[p,, L]
P (CEIRA

E,_p= Et—l(rtp-rtf)- (5)

Now consider the linear least-squares projection of U, on 7? — r/ and p,. That
s,

U=cote(rf—r/) + e, te, (6)
where e, is the least-squares projection error. Exploiting the fact that e, is
orthogonal to (r? —r/) and p, by construction, (6) can be substituted into (5)
to obtain

clcovt-l(rtp-rtf’ pe,) +c; var,_l(p,) E:—l('}p_rzf)-

(™

E =
10 evar,_ (2= 1) + cyeov_y (7 = 17.p)

Now suppose that p contains no information for predicting U beyond what
is contained in r? —r/. That is, ¢, =0 in (6). Since r/ is known at 71, it
follows that (7) reduces to the single-beta representation (2). [Noticu that (2)
also follows directly from (5) if p and (r? — r/) are perfectly conditionally
correlated.] Thus, when viewed in an intertemporal settine, an equity portfolio
return can be used for r” and the Treasury-bill return for /. The appropriate-
ness of doing so rests on the assumption that the excess return on the
empirical reference portfolio contains all the information that p has for
predicting marginal uiility, and this assumption will form part of the compos-
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ite null hypothesis when inferences are drawn. These issues are addressed
further in section 4.7

3. The data

Observations are sampled at monthly intervals. The e .age -ates used are
the German mark (DM), Swiss franc (SF), Japanese yen (JY), and British
pound (BP), all ia relation to the U.S. dollar. The exchange-rate data are
Friday closing quotations from the Harris Bank Foreign Exchange Weekly.

narulativa nrafits on onen nositions in forward foreion exchange contracts

JPW“I L ¥ 8 A3 rl WFALRD WFAR vyv yvol SEWEAY AAE AWA YTRRAWE AWwa vl.cll WISV EEVS RS Py R AR US e

are consiructed by sampling spot rates on those Fridays falling nearest to the
end of the calendar month and thirty-day forward rates observed four weeks
earlier.

The :cference portfolios are constructed from stock return indices from the
U.s, Germany, Switzerland, Japan, and Britain. The U.S. (domestic) returns
are the valued-weighied returns of stocks lisied on the New York Stock
Exchange, obtained from the Center for Research in Security Prices (CRSP) at
the University of Chicago. Foreign returns are dividend inclusive stock index
returns from Capital International’s Perspectives.® Three candidate reference
portfolios are constructed from these indices. They are (i) the CKSP index of
domestic securities, (il) a value-weighted portfolio with weights summing to
unity, and (iii) an equal-weighted international portfolio. The U.S. receives by
far the largest weight in the value-weighted portfolio, although its relative size
declines steadily throughout the sample, while the size of the Japanese market
increases. For example, the weights for the U.S., Britain, Germany, Japan, and
Switzerland at the beginning of the sample are 0.74, 0.10, 0.04, 0.10, and 0.01,
respectively, and are 0.60, 0.10, 0.04, 0.23, and 0.02 at the end of the sample.
The one-month Treasury-bill return serves as the conditionally risk-free rate.
The sample extends from July 1973 through December 1985 to coincide
roughly with the recent period of floating exchange rates. The end of the
sample is dictaied by the availability of equity return data.

Table 1 reports the time-series means, standard deviations, and first six
autocorrelations of the data. The index of U.S. equities has by far thc lowest
average return during the sample. On average, its return was 17% of the return
on the value-weighted international portfolio and only 1.8% of the average
return on the equal-weighted portfolio. By contrast, the standard deviation of
the value-weighted portfolio is the smallest (0.0399) and the egual-weighted

"Merton (1973) shows that the single-beta representation is an implication of an intertemporal
ccntinuous-time model when investors have logarithmic utility or when the investment opportu-
nity sei i fixed. Hansen, Richard, and Singletor (1982) obtain the single-beta representation as an
implication of z discrete-time intertemporal model, but the appropriate reference portfolio and

risk-free rate in their paper are unobservable unless explicit assumptions are made about investors’
utility.

8 . A S . \
These daia were graciously provided by Jim Bodurtha.
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Table 1

Time-series means, standard deviations, and autocorreiations of candidate rcfzrence portfolic®
excess returns and ex post currency speculative profits® from July 1972 to December 1985.

Specuiative profits on
Reference portfoliv forward currency contracts
NYSE VWR EWR DM SF JY BP
Mean 0.0034 0.0199 0.1884 -0.0008 -0.0004 00010  0.0002
Std. dev. 0.0475 0.0399 0.1833 0.0312 0.0352 00315  0.0299
Auto- 1 0.02 0.06 0.14 012 0.14 0.19 0.08
correlation 2 -0.04 -0.02 0.01 0.04 0.11 -0.05 0.13
at lags 3: 0.06 0.09 0.15 0.06 —-0.06 0.15 0.00
4: 0.05 0.04 -001 -002 -0.01 009 -005
5: 015 0.09 -0.07 ~-0.08 -0.02 0.01 0.16
6 -0.10 -012 -0.05 -0.12 -011 -0.07 0.01

*The reference portfolios are defined as follows. NYSE is the CRSP value-weighted index of -
equity returs listed on the New York Stock Exchange. VWR is the value-weighted internaiional
equity portfolic with weights summing to wnity. EWR is the cqual weightcd international equity
portfolio.

®DM, SF, JY, and BP are the differences between the current spot rate and the forward rate
observed four weeks earlier normalized by the forward rate for the German mark, Swiss franc,

Japanese yen, and British pound, respectively.

portfolio displays the largest standard deviation (0.1833) and whe highest
first-order serial correlation.

Average profivs on the forward foreign exchange contracts are small and
statistically insignificant from zero. This suggests in part why attempts to
model a constant risk premium on forward foreign exchange contacts have
generally been difficult and unsuccessful. By and large, the time-series proper-
ties of these profits are similar across the currencies.

4. Estimation

Let r¢= r? — r/ denote the excess return on the reference portfolio and let
(i = DM, SF, JY, BP) index the currencies under considefaiion. Decomposing

{#°} and { g} into their forecastable and unforecastable components, we have
8 =E,_(p)+ui, i=DM,SF,IV,BP, (8)
,-'€= El‘-—l(rlh‘/ +£t’ '\‘,)

where u! and ¢, are the one-step-ahead forecast errors of o) and 7, respec-
tively, which are orthogonal to date 7 — 1 information. The CAPM implies

cov_1(0}, 1i*)

E:—l(Pﬁ) = E, (7). (10)

Varr—i("sp)
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Now, using egs. (8) and (9) in the definition of the conditional covariance
yields

cov,(p;, r?) = covi_(#}, 7¢)
=E,_,(0,— E,_10)(r* — E,_17) (11)
= Er—l(u.isr)'

where the first equality in (11) exploits the assumption that the conditionally
risk-free return is in the information set at ¢ — 1. Similarly, the conditional
variance of the excess return on the reference portfolio can be expressed as

var,_,(r?) = var,_,(r?)
= Er—l(rf - Et—l're)z (12)
=E,_,&.

Decomposing the sequences {u'e,} and {&?} into their forecastable and
vaforecastable components, egs. (8)—(12) imply

I'E,_‘(e u ) L

——-—2—— E,_ 1\’: I)Tu,, i=DM,SF,JY,BP, (13a)
|_ Ez l ) j

rre = Er«l(’f—lrl T (13b)
vie,= E,_,(ule,) + i, i=DM,SF,JY,BP, (1%)
e=E,_ () +», (13d)

where %' and 1, are the one-step-ahead forecast errors of u'e, and &,
respectively, and are orthogonal to date ¢ — 1 information. For any n curren-
Cics under consideration, (13a)-(13d) becomes an estimable system of 2(n + 1)
equations [an analog of (13a) and (13c) for cach of the n currencies plus (13b)
and (13d)] once the conditional expectations are parameterized. I defer until a
later section the specific parameterizations to be investigawd

Simultaneous estimation of the 2» + 2 equations is performed using Hansen’s
(1982) generalized method of moments (GMM) procedure as follows. Denote
the g-dimensiona' parameter vector of interest by 8, its truc value by §;, and
the system’s p-dimensional innovation vector by

w,(Bo} = {ur(Bo)> 1 (o)., ui(Bo) mi (Bo), & (Bo). ¥ (8o} } -
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Let z,_,(8,) be an m-dimensional vector of date 7 -- 1 information, uncorre-
lated with «,(8,), to serve as instrumental variables. Since «,(f,) has the
interpretation of being a vector of prediction errors, this specification implies a
family of orthogonality conditiont, E(w/(8,) ® z,_,(8,)) =0, which are used
in estimation. The GMM estimator of f,, F;, minim'zes the quadratic
criterion function

v 2 -1
#6)= 7 E (B0, (8] (50

t=1

T
x[% > (wt(B)ez:—l(B))]’ (14)

t=1

where
17
Sr=7 L(al(b)a(6)' ®2,-1(b)z-1(5)),

and b is a consistent estimator of B,. Asymptotically, [ 7(b;— j5;) is normally
distributed with mean zero and covariance matrix

Q=(D's"'p)", (15)
where

D =E[3(w,(B,) ® z,_1(By)) /8],

and
S= E[“’x(ﬁo)“’:(ﬁo)' @ zt—l(ﬁO)zt-—l(BO)’]

is the spectral density mairix of (w,(8,)® z,_,(B,)) at frequency 0. The
matrices D and S are consistently estimated by their sample logs,

o

I

T
Dr=— Zl:.[a(‘*’:(br) ® Zz—l(br))/aﬁ'] ’

I
and
Sy as defined ~brve.

This choice of the weighting matrix S, yields a heteroskedasticity-consistent
estimate of the covariance matrix of by.

In what follows, «,(8) depends on past w(f8)’s, so derivatives of w,(8) with
respect to the parameter vector, B, will involve derivatives of
w,_1(B), @,_»(B),... Because of this recursive structure, analytical derivatives
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are cumbersome and numerical derivatives are used in minimizing ¢(fB) as
well as in calculating the standard errors according to (15). In esiimaticsn,
initial values of () (i.e., observations prior to the sample period) are set to
their theoretical values of zecro, under the nuil hypothesis. The standard
two-step procedure is used in estimation. An initial guess value of 8 is used to
construct the weighting matrix, Sy, and (14) is minimized. This firsi-step
estimator is consistent, but does not have the desired asymptotic disiribution.
Final estimates are obtained by repeating the minimization of (14) using the
first-step estimates in the construction of the weighting mairix $-.

The economeuvic specification represents a joint hypothesis t:at wiciudes the
CAPM as an appropriate model in pricing forward foreizn exchaunge contracts,
a particular infcrmation structure, specifications for the conditional expecta-
tions, rational expectations, and the appropriateness of the data used. To test
this joint hypothesis, Hansen’s specification test is used. Because the first-order
conditions of the estimation procedure set ¢ linear combinations of the mp
orthogonality conditions to zero, the model is exactly iden:ified when g = mp.
When mp > g, there are mip — ¢ linearly independent orthogonality conditions
that should be close to zero if the model is correctly specified. Hansen has
shown that T¢(by) is asymptotically distributed as a chi-square variate with
mp — q degrees of freedom under the null hypothesis. This chi-square test is
used to test the model’s overidentifying restrictions.

5. Empirical resuits

Two special cases of the system (13a)-(13d) are considered. Owing to the
size of the system and the considerable ncnlinearities involved, a strong
attempt is made to maintain model parsimony.

5.1. Autoregressions

The first model to be considered is
i i i
o= [a";: _':‘:’l;;j‘l'“ ][a0 +ays,]+u, i=DM,SF,JY,BP,
(16a)
rP=agtars, te, (16b)
uje,=ah+ajui_e,_,+7v', i=DM,SF,JY,BP, (16¢)
& =v,+1e-, + v, {16d)

That is, the conditional covariances, the excess retura on the reference portfo-

3 A=)

lio, and the reference portfolio’s square forecast error are assumed to foliow
AR(1) processes. The autoregressive specification of the sequences { £2) and

i Seans
r
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{eu!} follows from the ARCH modeling strategy of Engle (1982). This
specification is adopted to keep the problem tractable and reflects the idea that
past observations on a variable provide the most useful information in
predicting its future. To ensure stationarity in the product sequences, it is
required that |aj} <1, i=1,...,4, and that 0 <y, < 1.

Obviously, the set of legitimate instruments is large, but is kept small here
for three reasoms. First, the system is quite large, and expanding the instru-
ment set imposes a greater computational burden. Second, it is liksly that,
with a sufficient search over instruments and a large enough insiiu.cnt set,
the econometric specification can be rejected, but proceeding in this fashion
provides little useful informaticn about the limitations and usefulness of the
theory. Third, Tauchen (1986) reports evidence, based on simulation results,
that expansion of the instrument set introduces serious pias to the GIMM
estimator in small samples. He finds for the single-ecuation modet he studies
that the test of the overideniifying restrictions is not affected. However, it
is not clear how this specification test would be affected in a simultaneous-
equation setup with cross-equation restrictions like the one considered here.
To err on the side of caution, I keep the instrument set small.

The model is estimated for the four currencies simultaneously. Examination
of (16) indicates that this will be a system of ter equations. Owing to the size
of this system, estimation is performed using a constant, the squared innova-
tion on the reference portfolio, and the average product of the forecast error in
the reference portfolio and each of the currencies. That is, z,_,(B)=
{constant, e>_,(B), &,_( B)1ui_(B)/4)}.° These three instruments generate a
family of thirty orthogonality conditions; the results are reported in table 2.

For each choice of the reference porifolio, the test of the overidentifyin
restrictions, given by the chi-square statistic with eighteen degrees of freedom,
does not reject the model at standard significance levels. For example, the
largest chi-square statistic is 21.35 with a confidence level of 0.7479 when the
eaual-weighted international portfotio is used as the reference portfolio. All
the parameters appear to e reasonable and most are estimated with precision.
The significance of the parameters of the conditional variance and covariances
(Y5, ¥1» @y, and &, ) implies that there is significant time variation in the betas.
This effect is strongest for the DM and BP and weakest for the JY. Furiker,
the results do not depend on the choice of reference portfolio.

®The model was initially estimated for each currency on an individual basis with a constaai, ik
squared innovation on the r~ference porifatio. znd the nroduct of the innc 1tion on the reference
porifotio and the individual currency as instruments (not reported io economize on space). This
seemed a natural choice for the instrumental variables, since these variables appear expliciely in
the medel. Simultaneous estimation across currencies was first attempted using a constani, the
squared innovation in the reference porifoliv, and cach of the products of the currency and
reference portfolio innovations as instrumental variables, which is a set of six instrurmental
variables and hence sixty orthogonality conditions. These attempts ran inwo convergeace problems
and proved unmarageabie. This led to the use of the instrumenial variables described in the text.



N.C. Mark, Pricing of forward foreign ex¥8&nge contracts

346

(§) X se pAINQUISTP S1 JSNEIS 1S3, -uonesywads ejaq jueisuod e Aq parjdwt ‘Jg ‘AL IS ‘WA =? ‘¢ = W = X suonousas ay Jo 131,
($1),X Se pNQUISIp ST ouSHElS 1S3, "3y parsodal jspow ap Aq pardun suonouisas SulINUSPUBAO 3yl JO IS21
"219q [PUOTIPUOD PIICWNSI Y} 10 STLI0AR SILIAS-IWIN Y 57 ST q

e/ )g) "2+t -2 aueisuon] = 1z 51128 JWAWIRISE MY "IM3] §G Y 1L oURdYMBS SNLIPUI (,) JSUASE UY ‘sasaysuased ut sonel-s onoydwAse Jo SnfeA ANOSqVY,
£010¢ V100 PE0(°0 $C00'0 JE13q 33eraay
{£60°6) {oso'n) (8650 (zo6e'e)
+STIT0 LSIro- *96210 +66Z1°0 o
000’1 (86L°0) {4 (6080 (910 Lo €y {6ev'e) e sron
+6T'E8 eLTT v-01 X 680 e-0T X180 p-OL X EC£°0 s-01 X $TQ O «9PIT0 $510°0 SHLETD «81°10
samnbzy jpuonpusnu} parySram -arnby oiofuuog duziafpy (D)
€001°0 L8860 95900 €911°0 qB19q 9¥esny
(8epv) (L65°0) 68’1 (688°7)
»I6170 £590°0 9600 «89€1°0 o
(000'1) (6z£0) (0go D) (s99'1) sv0'1) (877D (9s1°¢) {£15°¢) 6r6'D) (i88'7)
*V6°0E 88°¥1 ¢-0I X110 ¢-01XTT0 »p-01 X 920 01 XSTO oo «S9ET0 «£100'0 «HOLTO «0600°0
saimnbg jououvwinuy pnySwm-anw g :oyofiiod 2uafay (q)
$990°0 L9SO L6500 HOT'G qB13q dTeroay
(9z5°¢) (Lo 016°0) €1e)
»LL8T'0 SELOO— 81900 «8921°0 L
(6660) (7F41)] O6L'D) (zstn (€617 (Lzoe) At 6oL (906°0) @svo)
«£8°9C L1141 ¢-01 X010 -0I X ET0 «-0I XTT0 « QI X070 o ooro 07000 8LLOO o0
25A.¢y saumbg ousawoiq ‘onofiod auaizfoy (V)
(onea-d) (ongea-d) dad Al J¢ Wa % % kd %
p5£19Q 1UEISUCD SSUOTIOLISSE
onpEy  SuKmuspuane oISy i oRepiod 00
(PLT) d9°Ar'dS'Wa=? (R UL B
(oL1) 341 4400 =
I (GTAD) a W+ 1-31"Inlo + % = ajn
(1) o+ {1500+ ][+ )/ (75l +90)] =

‘SE)3Q JUBISUOD JO 1S3} Py, PUE ‘SUOTIOLNEII STIAJNUIPUIAC S JOPOW Y} JO 153] ‘SEIaQ [EUCHPUOS PACWNSI JO

saBerore sauss-3wi], (T)gV Se PoJopot SUInal ssa9%d orjojizod 20ua1d)JoYy ¢ J2IOP S} 2Y) 03 none[ w punod ysnug pue ‘uak asauedef ‘ouery ssimg
‘YIewl UewIa) ) 10} SIOPNUOD PIEMIC] U0 G8¢T JIQUI( 01 ££61 Anf WO} woneyuasazdal v13q-3f3uts JO SIRWNSI SHUINWOW-JO-POUIIU PIZI[RIUIN)

C¢olqelL



N.C. Mark, Pricing of forward foreign exchange contracts 347

To further investigate the importance of the time-varying beta specification,
I perforrn a Wald test of a constant beta version of the model that sets
v, =a, =0, i=DM,SF,JY,BP. This constant beta specification still allows
time variation in the risk premium, since the expected excess return on the
reference portfolio varies over time. The Wald statistic for this test is dis-
tributed as a chi-square variate with five degrees of freedom and is also
reported in table 2. The constant beta specification can be rejected at better
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Fig. 1. Monthly conditional betas for open positions on forward foreign exchange contracts
implied by estimates in table 2, panel B, 1973-1975. The beta is given by (ag + ayu,_1€_;)/
(Yo + nig~ 1)
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Tig. 1 {(continued)

than the 1% level regardiess of the reference portfolio used. These rcsults
reaffirm the importance of modeling the betas in a conditional setting.
Qualiiaiively, the estimated betas from the differeni systems behave simi-
larlv. Fig. 1 displays the time series of the betas generated by the estimates in
panel B of table 2. The betas range roughly from —0.3 to 0.5, display a fair
amount of time variation, and fluctuate from positive to negative for each
currency. On average, however, each of the betas is positive over the estima-
tion period. As can be seen from table 2, the timc-sciics averages of the
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Fig. 2. Monthly risk premium for value-weighted international equity portfolio implied by
estimates in table 2. panel B, 1973-1985. The reference portfolio’s excess return, rf, follows an
AR(1) process.
rF=ag+ayr’,+e¢  (16b)

estimated conditional betas are not much different from the implied uncondi-
tional betas, (ay/1oX1 - v,)./(1 — ;).

The results of this section suggest that the data are generally consistent with
the model. The model’s overidentifying restrictions cannot be rejected at better
than the 25% level regardless of the reference portfolio used. One problem
arises with this specification, however, because there are ex post negative
values of the reference portiolio’s excess return. The AR specification on the
reference portfolio thus admits the possibility that the risk premium on the
reference portfolio can be negative, which in the context of the CAPM is
difficult to explain. In fact, some negative values are obtained. Fig. 2 displays
the estimated risk premium on the value-weighted inteinational reference
poriioiio obtained from panci B of table 2. Although this does not seem to be
a sericus pioblem, the next subscction considers an alternative specification of
the risk premium on the reference portfolio that other researchers have found
useful.

5.2. Refererice portfolio excess returns modeled a: ARCH in the mean

An alternative specification is now considered in which the excess return on
the reference portiolio follows an ARCH in the mean process. Specifically, 1
assume that the conditional mean of the reference portfolio’s excess return
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depends linearly on the logarithm of its conditional variance. That is,
E -7 = bo + by log(E, 7). (17)

This specification, intended to capture the intertemporal risk and return
tradeoff in the reference portfolio, is suggested by the findings of Campbell
(1987), Engle, Lilien, and Robins (1987), and French, Schwert, and Stambaugh
(1987). If b, >0, investors are rewarded with high expected returns during
periods of high variance or risk. The AR(1) specifications on the conditional
variance and covariance are maintained so that (16a) and (16b) are replaced
by

T, i
o= Qg T €Uy
- 2
Yo+ Mi&-1

][bﬁbl log(vo + g2 1) + i, (16a)

i =DM, SF,JY,BP,

rf=by+ by log(v, + viel,) +e,. (16b7)

Table 3 reports results from estimating this model jointly across the curren-
cies, using the same instrumental variables as before. Again, there are twelve
parameters to estimate and thirty orthogonality conditions. Here, the model’s
overidentifying restrictions are not rejected when the reference portfolic is
either the domestic equity or the value-weighted internatioral equity portfolio.
There is some evidence against the model when the equai-weighted interna-
tional equity portfoiio is used, however. The chi-square statistic in this case is
30.52, which rejects the mcdel at better than the 4% level. The parawceters ¥,
and y, continue to be estimaied with a {air amount of piecision. Thie estimates
of a, are also generally precise and are larger than those found in iabie 2. As
in the previous subsection, the parameters associated with the JY are esti-
mated with the least precision.

This specification for the reference porifclio’s risk premium also admits the
possibility of negative values for exazple, during periods when the conditional
variance is very small. It turas out, however, ihat the risk premium estimates
are all positive curing the estimation period. Fig. 3 plots the estimated risk
premium implied by the estimates in panel B of table 3, using the value-
weighted international equity portiolio as the reference aset. Qualitatively, the
betas obtained here are similar to those in fig. 1 and are suppressed to
econornize on space.

Once again, 1 perform a Wald test of a constant beta version of the model.
In this case, when y, and «; are set to zero, the model reduces to the
unconditional version of the CAPM in which both the betas and the risk
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Fig. 3. Montly risk premium for value-weighted international equity portfolio implied by esii-
mates in table 3. panel B, 1973-1985. The reference portfolio’s excess return, r°, follows an
ARCH in the mean process.

re=by+blog(vo+ne-1) +e  (16b)

premium on the reference portfolio are constant. The Wald statistic again is
distributed as a chi-square variate with five degrees of freedom and is reported
in table 3. As can be s:»n, the constant beta hypothesis can be rejected at
better than the 1% level regardless of the empirical reference portfolio used.
To summarize, the data are generally consistent with the alternative specifi-
cation as well. The reascn for the similarity is that excess returris on the
reference portfolio are difficult to predict. Since the forecast errors are large in
relation to the explainable part {i.e., the R? is iow), the resulting {2} process
is similar despite the different specifications for the conditional mean of the
reference portfolio’s excess return. In one sense, the ARCH-M specification
for the reference portfolio’s excess return receives only modest support, as
significant estimates for b, are obtained only when the empirical reference
portfolio is the equal-weighted international portfolio. Although a formal
analysis is not conducted, this specification may be preferred, since only
positive estimates of the reference portfolio’s risk premium are obtained.

6. Cenclusions

This paper specifies and estimates a modc! of forward foreign exchange rate
determination based on the single-beta capital asset pricing model. The model
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is specified from the perspective of a representative U.S. investor in a condi-
tional setting that explicitly models time variation in the betas. Significant
estimates of the parameters are obtained and tests of the overidentifying
restrictions are not unfavorable to the model. The hypothesis that the betas are
constant is strongly rejected. Moreover, the results generally hold up with
variations in the empirical reference portfolio.

The evidence emerging here is consistent with the idea that the pricing of
forward foreign exchange contracts is fundamentally no different from the
pricing of any other financial asset. The evidence also supports the idea that

L
deviations of the forward exchange rate from the expected future spot rate are

due to a risk premium and not te irrationality among market pariicipants.
There are number oi .s-.c5 noi addressed Lcie. For example, the informa-
tion set that economic -genis are assumed to condition on is somewhat
restrictive. It might he useful to augment th: conditioning set by including
directly observable =conomic variables and to investigate ihe usefulness of

,,,,,,,,, &

non-ARCH processes for thc couditional covariances and variances. Other
models of the risk preminm on the reference portfolio might also be investi-
gated. Further, it may be useful to investigate other estimation strategies. The
advantage of GMM is that it produces a rebust estimator. One disadvantage is
that it is not, in general, asymptoticaily efficient. These and other extensions
are left for future work.

References

Bollerslev, Tim, Robert F. Engle, and Jetffrey M. Wooldridge. 1988, A capital asset pricing model
with time-varving covariances, Journal of Political Economy 96, 116-131.

BRodurtha, James and Nelson C. Mark, 1987, Testing the CAPM with time-varying risks and
feturns, Manuscript (Ohio State University, Columbus, OH}.

Boothe, Paul and David Longworth, 1386, Foreign exchange market efficiency tests: Implications
of recent c.apirical findings, Journal! of International Money and Finance 5, 135-152.

Campbell, John Y., 1987, Stock returns and the term structure, Journal of Financial Economics
18, 373-400.

Cumby, Robert E., 1986, Is it risk? Explaining deviations from uncovered interesi parity.
Manuscript (Graduate School of Business Administration, New York University, New York,
NY).

Diebold, Francis X. and Marc Nerlove, 1986, The dynamics of exchange rate volatility: A
multivariate latent factor ARCH mocdel, Manuscript (Federzl Reserve Beard, Washington,
DC).

Engle, Charles M. and Anthony P. Rodrigies, 1987, Tests of international CAPM with time-vary-
ing covariances, Manuscript {Universisy of Virginia, Charlottesville, VA).

Engle, Rooer: F., 1982, Autcregressive conditional heteroscedasticity with estimates of the
variance of United Kingdom inflation, Econometrica 50, 987-1007. _

Engle, Robert F., David M. Lilien anc Russell P. Robins, 1987, Estimating time varying risk
premic in the term structure: The Arch-M model, Econometrica 55, 35. -408.

Evans, Genrge W., 1986, A test for speculaiive bubbles and the sterling-dollar exchange rate:
1981-84 American Economic Review 76, 621-636, i
Fama, Eugene F. und Andre Farber, 1979, Money, bonds. and foreign e:.ch - ge, Amencan

Economic Review 69, 269-282.



354 N.C. Mark, Pricing of forward foreign exchange contracts

Frankel, Jeffrey A. and Kenneth Froot, 1987, Using survey data to tesi standard propositions
regarding exchange rate expectations, American Economic Review 77, 133-153.

French, Kenneth R., G. William Schwert, and Robert F. Stambaugh, 1987, Expected stock returns
and volatility, Journal of Financial Economics 19, 3-30.

Gibbons, Michael R., 1982, Multivariate tests of financial models: A new approach, Journal of
Financial Economics 10, 3-27.

Hansen, Lars P., 1982, Large sample properties of generalized method of moments estimators,
Econometrica 50_1029-31034,

tlansen, Lars F. and Scott F. Richard, 1987, The role of conditioning information in deducing
testable restrictions implied by dynamic asset pricing models, Econometrica 55, 587-614.

Hansen, iars P, Scott F. Richard, and Kenneth J. Single: ,n, 1982, Econometric implications of
the intertemporal capital asset pricing madel, Manuscript {Caracegie-Mellon University, Pitts-
burgh, PA).

Hodrick, Robert J., 1981, Intertemporal asset pricing with time-varying risk premia, Journal of
International Ecoromics 11, 573-587.

Hodrick, Robert J. and Sanjay Srivastava, 1986, The covariation of risk premiums and expected
future spot rates, Journal of International Money and Finance §, S5-521.

Kaminsky, Graciela and Rodrigo Peruga, 1987, Risk premium and the foreign exchange market,
Manuscript (University of California at San Diego, CA).

Meese, Richard, 1986, Testing fcr bubbles in exchange markets: A case of sparkling rates?,
Journal of Political Economy 94, 345-373.

Merton, Robert C., 1973, An equilibrium capital asset pricing model, Econcometrica 41, 867-887.

Roll, Richard, 1977, A critique of the asset pricing theory’s tests — Part I: On past and potential
testability of the theory, Journal of Financial Economics 4, 129-176.

Roll, Richard and Bruno Solnik, 1977, A pure foreign exchange asset priciag model, Journal of
International E:onomics 7, 161-179.

Shanker, Jay, 1985, Multivariate tests of the zero-beta CATM, Journal of Financial Econcmics 14,
327-348.

Sharpe, Wiltiam F., 1954, Capital asset prices: A theory of market equilibrium under conditions of
risk, Journal of “inance 19, 425-442.

Stockman, Alan C., 1978, Risk, information, and forward exchar.;: -ates, in: Jacob A. Frenkel
and Harry G. Johnson, eds., The economics of cachange rates: Selected studies (Addison-
Wesley, Reading, MA) 159--178.

Stulz, René M., 1981, A model of international asset pricing, Journal of Firan~ial Economics 12,
285-299.

Stulz, René M., 1984, Pricing capital assets in an international setting: An introduction, Journal of
International Business Studies 15, 55-74.

Tauchen, George, 1986, Statistical properties of generalized method of moments estimates of

structural parameters using financial market data, Journal of Business and Economic Statistics
4, 397-416.



