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I. Forward Contracts : Contingent Claims vs Predictors

" There have been two approaches to the determination of the price of forward fo-
reign currency. An arbitrage approach determines forward prices relative to spot pri-
ces and interest rates. The forward price is determined by imposing the zero profit
condition on the arbitrage portfolio consisting of assets whose prices are currently
known(i.e. the current spot price and interest rates). The price is thus given under
certainty regardiess of risk aversion and expectations of future states. In foreign cur-
rency markets, forward rates are given by the covered interest rate parity(CIRP).
Frenkel and Levich (1975,1977) support CIRP with a correction for transaction costs,
and some authors simply take it as granted. Mishkin (1985), for example, ascribes
violation of CIRP to misaligned data by arguing that dealers in the foreign currency
markets are setting prices according to or with a reference to the parity condition.”

* Assitant Professor of Finance, School of Business Administration, Inha University
1) See also Levich(1979, 1985) for the same assertion.



On the other hand, recent studies of forward exchange market efficiency, called the
specutation approach®, exclusively focus on the forecasting role of the forward. Since
the forward price is directly related to unobservable market expectations of the future
spot price, pricing forward contracts necessarily involves uncertainty. Viewing a for-
ward as a predictor, statistical rejections of the unbiasedness hypothesis has been in-
terpreted as ‘speculative’ inefficiency (Bilson : 1981) under risk neutrality, or the
existence of the time-varying risk premium under risk aversion (Fama : 1984, Hansen
and Hodrick : 1983, among others).

These two approaches (the predictor and arbitrage approaches) may represent two
different ways of determining forward prices from differént perspectives. That is, each
approach may independently constitute its own distinctive hypothesis.” However, most
of studies on the forward exchange speculation combine CIRP with the specific models

of spot exchange rate in modelling forward biases or risk premia. The purpose of this
study is to address econometric problems due to this combining procedure in imple-

menting empirical tests under risk aversion.

The remainder of this study is organized as follows. We discuss in section 2 some
conceptual problems in the speculation approach to motivate a further examination of
some empirical studies in the literature. In section 3, we analyze the emirical work
of Mark(1985) and show that his estimatio procedure yields biased results due to un-
necessary use of CIRP. In the final section we briefly summarize the findings in empi-
rical estimation and point out another conceptual problems implicit in the speculation
approach for further reseachesin this: area.

II. Forward Market Efficiency Under Risk Aversion
In the risk averse speculative efficiency approach, risk premia are defined in several

different ways. They are either the expected profits of writing forward contracts since
zero current investment is required in the forward transaction or they are the excess

2) Writing forward contracts requires no net investment at the contracting time, hence the term
‘speculation’.

3) Levich(1979, 1985) classifies CIRP as the test under certainty or riskfree, and the predictor
hypothesis as under uncertainty respectively.
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returns of the uncovered position over the forward covered position in foreign bonds
markets.” More directly, the risk premium is modelled by combining the CIRP condi-
tion with the specific models of spot éxchange rates. Fama(1984), for example, uses
CIRP and the purchasing power parity condition and shows that the risk premium
may be represented by the real interest rate differentials. Most of papers in the lite-
rature combine the intertemporal asset pricing model of Lucas(1978,1982) and
CIRP.

In a single period context, Hansen and Hodrick(1983) consider “the difference bet-
ween the two returns generated by buying foreign currency, investing in the risk-free,
foreign-currency-denominated asset, and either leaving the proceeds uncovered or co-
vering them in the forward market. This difference in returns, *--- after some mani-
pulation, satisfies” the following CAPM type model :

S:+1"‘fz

B8

=B E[R*—R] ¢))

where Et denotes the conditional expectation operator, st is the current spot rate, ft
is one period forward exchange rates at t, Rtb is the rate of return on a bench-mark
portfolio, and Rt is the rate of return on the zero beta portfolio.

Although Hansen and Hodrick use the percentage term normalized by st, and relate
it to the rate of returns on portfolios, their approach defines only profits or returns
of the forward speculation, not rates of returns. Because of the normalization problem,
there is nothing to prevent the use of any currently known variables in place of st.
Hansen and Hodrick(1983) normalize speculation profits by using current spot prices,
but Hsieh and Kulatilaka (1982) use current forward prices. Roll and Solnik(1977)
use CIRP condition to replace interest rate differentials by forward premia and write
the international CAPM of Solnik(1973) essentially the same as (1). However, their
model does not suffer from any arbitrariness since the model of Solnik(1973) is deri-

ved in terms of rates of returns on the spot market investment.”

4) See Hansen and Hodrick(1983) for these definitions.

5) See also Dusak(1973) and Black(1976) who write the CAPM with the percentage thanges
in futures prices. Especially, Black notes that the rate of returns on futures can not be defi-
ned because of no current investment in futures contracting.



To model time varying property of risk premia, Hodrick and Srivastava (1984,1986),
among others, use the intertemporal model of Lucas(1978,1982) and argue that the
optimality condition must hold for both the covered and uncovered investments in a

foreign currency markets. For the spot asset, the optimality condition is :

U(C1) Pi st
1=8 E,| —/—/———r—
PE[ ) P s ) @
The CIRP condition is -
_ U(Cusi) P f_x_ (3)
1=B B[ U(C) P ] S

where U’(ct) is the marginal utility of consumption at t, is the time discount factor,
and pt is the currency price of the consumption goods at t. Taking difference between
(2) and (3) and dividing by yields

4)

U'(C\ﬂ) P, (st+1"'ft) ]

0=E| 50y P s

Note that, given the spot optimality condition (2), the CIRP equation (3) provides
no additional information about the relationship between asset pricesand states of na-
ture. Lucas(1982) shows within his complete market framework that the price of con-
tingent contracts can be completely determined using the state prices and the current
price of underlying spot asset. Hence the CIRP condition (3), written in terms of the
marginal rate of substitution, simply defines the forward premium as the expectation
or sum of the state prices, which is commonly denoted as the interest rates differen-
tial. Combining this redundant equation with the optimality condition (2) leaves a
room for an arbitrary manipulation.

Since the final form of the model restriction (4) is set to zero as a consequence
of combining the optimality condition with this redundant condition, manipulation with
constants or any currently known variables becomes legitimate. |

Multiplying both sides of (4) by any currently known variables does not affect the
model restriction. In addition to the arbitrary normalizing variable problem, the time
discount factor does not appear in (4). The marginal rate of substitution cannot be

well defined because one can also divide by the current marginal utility of consump-
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tion.”

Above discussions indicate that problems arise from the misuse of the CIRP equa-
tion in relation to the exchange rate determination model. We address in the next
section its econometric consequencies on the empirical estimation of risk premia in
the context of Mark(1985). We show analytically and empirically that Mark’s metho-
dology creates unduly big biases in risk aversion coefficients estimates. We choose to
investigate the work of Mark(1985) among many others, because Mark’s model can
be easily compared with the standard asset pricing model. Furthermore, Mark is the
first to perform a specification test of a model on which the majority of studies on

forward foreign exchange rates base their theoretical justification.
IlI. Reestimation of Risk Aversion Coefficients

For the empirical estimation and testing of the model (4), Mark assumes a utility
function of the form : U(C) = ‘%— where r = 1—Y and 7 is the parameter of constant
(non-negative) relative risk aversion. Using the instrumental variables estimation pro-
cedure of Hansen and Singleton(1982), Mark estimates the risk aversion parameter
Y, and tests the restrictions (4). The findings are :

(a) Tests of the overidentifying restrictions” show weak evidence against the model
restrictions (4). When instruments include the current and lagged values of the con-
sumption ratio and speculation profits normalized by current spot rates, the restriction
(4) is not rejected at the standard significance level for both measures of consumption
(non-durable plus service and non-durable only). With the current consumption ratio
and forward premium as instruments, the restriction is rejected at the significance le-
vels of 2.8 percent and 2.3 percent when the consumption is measured by non-durable
plus services and non-durable only respectively.

(b) Point estimates of risk aversion parameter Y and their correspondingstandard
errors are quite large and vary substantially with the lags of instrument vectors and

6) See Hansen and Hodrick(1983), Mark(1985), Cumby(1985), Domowitz and Hakkio(1985),
Hodrick and Srivastava(1983, 1986, 1987) among many others.

7) When there are m orthogonality conditions and n parameters to be estimated (m>n), m-n
remaining conditions are not set to zero in estimation. But these overidentifying restrictions
must be close to zero if the model is true.



with the measures of consumption.

The empirical results of Mark are in sharp contrast with those obtained by Hansen
and Singleton(1982) who applied the same methodology to NYSE stock index data.
In particular, point estimates of ¥ in Mark range from 0.00 to 50.38 and standard er-
rors of estimates from 15.65 to.42.43, while estimates of Hansen-Singleton range from
0.68 to 0.97 and standard errors from 0.0629 to 0.3355. The point estimates of ¥ in
Mark are unreasonably large.” Moreover, due to very large standard errors of estima-
tes, it is difficult to make inferences about the effect of risk aversion, which is the
main focus of the speculative approach under risk aversion as opposed to that under
risk neutrality.” In other words, no reasonable hypothesis can be rejected, including
the hypothesis of risk neutrality.

Mark ascribes these qualitative differences to the fact that Hansen and Singleton
employ returns on a portfolio of assets, whereas Mark uses only individual asset retu-
ms. Although this may explain a part of the differences, there are more fundamental
problems associated with Mark’s approach. Deleting the time discount factor B, for
example, may not be a theoretical problem, because is introduced into the model by
a specific assumption on the intertemporal utility function. For empirical estimation
and testing of the model restrictions, however, it creates biases in estimates of para-
meters because Mark's procedure introduces an additional unnecessary condition into
the model and becomes composite hypotheses tests. To see this. point, we note first
that risk premia in forward exchange rates represent a conditional covariance between
the marginal rate of substitution and real spot exchange rate. That is, risk premia can
be completely characterized with two variables (the consumption and real spot excha-
nge rate) and two parameters(B and v). Mark, however, removes one parameter(B)
in exchange for an additional assumption (CIRP) and a new variable (the forward
price). As a result, the Mark’s procedure becomes a test of composite hypotheses of

8) Grossman and Shiller(1981) use Y ranging from 0 to 4 for their analysis of the stock price
variability. Estimates of Friend and Blume(1975) is about 2 when the only stochastic compo-
nent of wealth is stock returns. In foreign currency markets, Frankel(1984) use the coeffi-
cient of 2. See also Dunn and Singleton(1987), and Rothemberg(1987).

9) Hansen and Singleton used 6 lagged variables as instruments, whereas Mark used 3 lagged
variables. Since the standard error of estimates decreases as the number of instruments inc-
reases, this comparison is somewhat misleading.
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two conditions (2) and (3).

Since the two equations (2) and (3) must hold simultaneously in order for Mark’s
model to hold, the model (2) is a necessary condition for equation (4) to hold. Mark’s
estimation procedure using the equation (4), therefore, must produce the same esti-
mate of Y as one using equation (2) alone. But test results of Mark, in general, will
not be the same as those based on condition (2) alone. Unless ¥ independent of 8,
and CIRP holds exactly without error for every currency i and each time t, the para-
meter estimates of Mark and their corresponding standard errors are not the same
as those of using (2) alone. A formal analysis is given in Appendix. Namely, the CIRP
equation must be written without the expectation operator and hence the perfect fore-
sight or certainty assumption about future consumption paths is required. This certai-
nty assumption is much stronger than that implicit in his combining procedure : CIRP
holds with expectations about consumption and price paths being rational on average.
Furthermore, there is ample empirical evidence that CIRP does not hold exactly and
continuously. The CIRP condition holds with a correction for transaction costs which
may vary over time for empirical evidence. Given this empirical observation on CIRP,

it is conceivable that Mark’s estimation using (4) produces very poor estimates.
The above discussion suggests that using the optimality condition (2) alone may

produce better estimation results than those of Mark without deviating from the main
focal issues of Mark’s study. Hence, we replicate tests based on (2) with the same
set of data used in Mark to estimate risk aversion coefficients. Results are presented
in Table 1, along with the reproduced results of Mark. Not surprisingly, the results
show substantial differences in estimates and especially their corresponding standard
errors. Estimates of risk aversion coefficients when the condition (2) is used are of
reasonable size and are in line with those obtained by Hansen and Singleton(1982)
and others. Moreover, the standard errors are relatively small so that all coefficients
are significantly different from zero at a standard significance level. Tests of overiden-
tifying restrictions cannot reject the model at 5 percent significance level. These resu-

Its confirm all the predictions from discussions and analyses in the appendix.

10) This independence case is comparable to Mark’s procedure since B does not appear in the
equation (4). ‘
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Table 1. Estimates of Risk Aversion Coefficients . Non-durable Consumption
and Forward Premia are used as Instrumental Variables.

Mark(1985) Standard Intertemporal Model
lag df. Y Function Y Function B cov

0 19 17.51 33.227 1.3046 27.0799 09991 0.0015
(26.25) + (0.4995) * % (0.0032)

1 35 13.79 44.377 1.0205 41,9217 1.0007 0.0012
- (1897 * (0.4369) * % (0.0029)

2 51 12.67 57.079 0.4872 62.6898 0.0021 0.0006
(16.64) * * (0.3043) % % (1.0031)

Note : The standard errors are in parenthesis. ‘
Function denotes the function value at its minimum.
cov denotes the covariance between B and v
+ denotes a marginal‘signiﬁcance level of 25% under the null
%* denotes a marginal significance level of 50% under the null
%* % denotes a marginal significance level of 10.0% or more under the null

V. Concluding Remaks

We have addressed problems arising from the misuse of CIRP in relation to the
models of the exchange rate determination. Focusing on its effects on the estimation
of risk aversion coefficients, we have examined work of Mark(1985) to show that sou-
rces of estimation biases are closely related to the misuse of CIRP. Based on the sta-
ndard intertemporal asset pricing model in place of Mark’s combined equation, we
have replicated empirical estimation and found evidence supporting our arguments.

Although we have discussed only specific econometric problems, we must also note
that there are conceptual problems implicit in the simultaneous use of both the spot
pricing model and CIRP. Unlike the arbitrage approach to forward pricing, the specu-

lation approach exclusively focus on future expectations and risk premia implied in
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the forward price. However, once CIRP is assumed to hold, the parity-forward price
is given by the current spot price and interest rates which are all known at the time
of decision making. Thus the forward price itself is not all related to the expectation
about future states of nature, nor to the degree of investors’ risk aversion. Phaup
(1981) and Levi(1984) show that regardless of the expectation of investors, the for-
ward price must be determined by CIRP when investors are allowed to take a long
(short) position in spot currencies and a corresponding simultaneous short(long) po-
sition in bonds."” Hence, the assumed CIRP condition becomes incompatible with the
predictor hypothesis being studied.

As indicated by above discussions, the arbitrage condition(CIRP) and the specula-
tion approach are not complementary to each other. Rather, they are in general mu-
tually exclusive. Assuming the CIRP condition hold is therefore equivalent to assu-
ming the forward market is efficient according to the arbitrage approach, and the pa-
rity-forward price is the equilibrium price. Modelling the risk premium with CIRP and
testing the speculation hypothesis is equivalent to testing the assumed efficiency of
the forward market again. Hence, this approach bears no implications for the forward
market efficiency or the determination of forward prices.

Once the equilibrium spot models are specified, the assumed CIRP equation defines
interest rates differentials as forward premia. Thus forward premia may replace inte-
rest rates differentials in testing spot models or exchange risk. Cumby and Obstfeld
(1984) note that the unbiased predictor hypothesis becomes identical to the Fisher
open hypothesis or uncovered interest parity, which is the simplest form of spot ex-
change models or a direct representation of spot speculation. Thus, the speculation
approach may be regarded as an indirect way of testing spot models. However, model-
ling risk premia directly from the predictor hypothesis suffers from the arbitrary ma-

nipulation problem.

11) The speculation approach exclusively deals with forward market speculations only, although
spot market speculations are more common and natural ways of describing investment beha-
viors. As long as there is a dependent relationship between spot and forward prices(the CIRP
condition), however, each of two speculations should provide the same implications for market
behaviors.
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Appendix : Analysis of Estimation Bias

Instrumental Variables Estimation of Hansen and Singleton(1982) :
Consider a problem of estimating parameters b (n dimensional) in a function :
Eth(x1b)=0, where h() is the (mX1) vector function (m>n). and x.,is a m

dimensional vector of variables observed at t+1. Let z denote a q dimensional vector

of instrumental variables in agents’ information set. Assume X+ and z have finite
second moments. Define functions k and g by

k(x+1, 2, b) = h(xe1, )Rz
g(b) = E[k(xes, 2, b)]

where @ denotes the Kronecker product and E is the unconditional expectation
operator. Denote the true values of parameters by b.. Then g(b.) = 0 since z is a
subset of agents’ information set. If the underlying model is true, then the method
of moment estimator of the function g(b), gr(b),

N
@) == % k(xes, 2 b)
T =

evaluated at b = b, should be close to zero for large values of T.

Hansen(1982) proposes that b be chosen to minimize the ‘distance function’
Ji(b) = gr(b)'Wr gr (AD

1 T
where W, = | 7T Zk(xe, 2, b) k(xey, z, b))

The first order condition from the minimization of (Al) is

0 &b o by =0 (A2)

Let bbe the minimizer of (Al). In large sample, T(b.b) is distributed as a normal with mean
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0, and covariance matrix (dr Wr dr)", where

ak(X(ﬂ. 4, b)

dr = 1 db

1T
— I
T =

Since T times Jr at minimum has a chi-square distribution with (mg-n) degrees of freedom,

it can be used to test the overidentifying restrictions.

Comparisons of Estimates :

For simplicity, we consider a special case in which h(x.,,b) is a sequence of indepen-
dent, random vectors and h(x.«,b) is independent of z. That is,

E[h(xs1b) | 2, h(xb), 2, =] =0
E[h(x+,b) h(xsb)’ | z, h(xb), 2, =] =R

Let Z denote a vector of instrumental variables ; Z = {z, za, = }.
Then Wr = [R® Q] ", where Q = E(ZZ, ). It is further assumed that R is diagonal,
Diag(R) = {R}, i ="}, **, m.

In Mark’s procedure, (m X 1) vector function G(.) is given by
G(Xlﬂ, r) = E[h(Xl+l, b)] = {E G+t (Sz+l. i—Fu)l, i=1, - m
where Ci1 = Cu1/Cy Stvi = St1/Su, Fu = fufse, and the subscript i denotes the i* cur-

rency. For notational convenience, it is assumed that there is no inflation ; ie.p. =1
for all t. The first order condition (A2) with respect to ¥ is

G'R'GXZ Q' Z=0,

G = _Z;G_ = { E[QH log(Cm) (Seeri — Ft.i)] Loi= 1, eeeees ,» M

G/R'G = E::o E[ (S — Fu) G 1og(Cm)] E{(Swu - Fy) GH ]/R. (A3)

R= E[ Ciit (Szﬂ.i - Ft.i)] 2 ‘ (A4)
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When the optimality condition (3.2) alone is used, the (mX1) vector function H(.),
corresponding to G(.) of Mark is given by

H(Xtﬂ, b) = {B E[Cv:f St+1.i] - 1}, i=1 ", m
where b = (v, B). The first order condition with respect to Y is

H/Rv'H® 2/Q" Z. =0,

Ho= S0 = (BEC:710g(Co) Sud, i =1, -, m

He Ri'H= Bz:;l E[ Sirii Gt 108(C:+1)] E[ BSi+1i Ciit _1] / Ru; (A5)
=9 _rgeorg. — 1)

Ru = pw [BCHT Sini — 1] (A6)

Estimates of ¥ from two procedures differ unless (A3) coincides with (A5), which can
be true only if CIRP condition is written without an expectation operator (certaihty
about future consumption paths). The CIRP condition can be written as : PF.;C.:y

= 1+ BF, &+, because CiiI = E.C5f + &+, where &., is the raional forecast error.
Hence Ry, = B? R, only if F. &., is identically zero for all i and t, which can be true
under certainty or perfect foresight” When Ru; = B'R: the deviation can be written

as .
G/R'G — H/Ry 'H = —z; E[FC.i1 0g(Cu)] E[Swn — F)Cit | /R (A

If the second term in the numerator is zero for all i, then the estimation becomes
degenerate (G/Ry'G = H/Ry'H = 0). The first term becomes zero, [E{F.,;CJ{ log
(C+)} = 0] from the first derivative of the CIRP equation (3.3) with respect to v.
This clearly shows the bias due to unnecessarily introduced assumption : CIRP writ-
" ten in terms of expected future consumption paths. Mark's procedure is equivalent
to taking derivatives of the equations (3.2) and (3.3) with respect to the same para-
meter ¥ and then combine two resulting conditions.

Unless the CIRP equation holds with certainty about future consumption paths,
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there is no guarantee that this term be zero for all i. Since Mark implicitly assumes
CIRP is satisfied on average, this term need not be identically zero so that this addi-
tional term is a source of estimation biases.

Estimation biases can be magnified in the standard error of Y estimates. For Mark’s
procedure, the standard error of the Y estimate is the squared root of (Ge'R'Go)* X
(ZQ'Z)*

For the procedure using (3.2) alone when estimates of ¥ and B are independent (dia-
gonal information matrix), the standard error of the Y estimate is the squared root
of (G/Ru'H.)'® (Z/Q'Zt)".

The difference, when Ry; = R, is given by

G/RG, — HyR'H. = £__{EF, Gy log(Ced)}'/R,

~2%_ {EFu Cai log(Cid)} {ESissiCt log(Cur)} /R,

The terms in the right hand side represent the bias introduced by Mark's combining
procedure. The bias becomes very large, especially when the spot model (3.2) is true
so that the second term is zero.

In addition to estimation biases discussed above, the combining procedure of Mark
may possibly ‘explain somewhat peculiar findings on the tests of the overidentifying
restrictions 5 th findings that the model is rejected only when current forward pre-
mia, F;, are used as instrumental variables. When Z. = {F.}, the ‘distance function’,
Jr involves E[ Gt (S — F.) Fy], for Mark’s procedure. Unless the CIRP condition
holds without forecast errors of future consumption and price paths such that we can

substitute C.=7 F. for a constant for all i, the ‘distance functions’ for both procedures
can not be identical. It is therefore possible that Mark's tests reject the orthogonality

restrictions even when the underlying model is true and CIRP holds. In his actual
estimation, Mark uses the terms E[F.F,C1]. Although E[FicCi5y ] is or close to a
constant if CIRP holds on average, this does not ensure that the cross product terms,
E[ F.F;C51 reduce to a constant multiple of F.. Due to these squared terms and fre-
quently observed heteroscedacity, it is more likely that tests of Mark reject the model

restrictions.

1) With CRIP holding on average, E{F.; &:+1}=0, implicit in Mark’s combining procedure.
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