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SUMMARY

We perform maximum-likelihood estimation of a model of international asset pricing based on CAPM.
We test the restrictions imposed by CAPM against a more general asset pricing model. The ‘betas’ in our
CAPM vary over time as the supplies of assets change and as the conditional covariances or returns on
those assets change. We let the covariances change over time as a function of macroeconomic data, and
an alternative model allows the covariances to follow a multivariate ARCH process. We also can identify
a modified CAPM model with measurement error. We find that the estimated CAPM performs much
better when variances are not constant over time. Nonetheless, CAPM is rejected in favour of the less-
restricted model of asset pricing.

1. INTRODUCTION

One branch of the ‘asset market approach’ to exchange rates has focused on the demand by
residents of an open economy for foreign currency denominated assets. In this view, people
diversify their portfolios to hold a variety of domestic and foreign assets with the aim of getting
the maximum return on their portfolios while taking into consideration the riskiness of the
assets. In particular, foreign currency denominated assets are subject to exchange rate risk—or,
perhaps more accurately, they might be subject to different purchasing power risk than
domestic assets. In the general equilibrium of such a ‘portfolio balance’ model, the supplies
of outside assets affect macroeconomic variables, including the exchange rate. The portfolio
balance approach to flexible exchange rate was pioneered by Black (1973), Kouri (1976),
Branson (1977) and Girton and Henderson (1977).

Some general forms of the portfolio balance model have been treated empirically by, among
others, Frankel (1982a, 1984); Branson, Halttunen and Masson (1977, 1979); Dooley and Isard
(1979, 1983) and Lewis (1988a). These models typically postulate that demand for domestic
assets relative to foreign assets is a function of the expected value of i — i* — 8, where i is the
return on home assets, i* is the return on assets from abroad, and & is the rate of depreciation
of the domestic currency. The anticipated level of i —i* — & is often referred to as the risk
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premium in this literature. It represents the excess expected return the domestic asset must pay
to compensate for its riskiness. (Of course, the risk premium as defined here could be negative,
implying foreign assets pay a greater expected rate of return.) These papers proceed by making
some assumption on how expectations of the future exchange rate are formed, and then
estimate bond demand equations as functions of the risk premium, or else estimate a reduced
form in which the exchange rate depends on asset supplies.

The portfolio balance approach can be seen as one possible explanation of the finding by
many authors (including Geweke and Feige (1979), Frankel (1980), Hansen and Hodrick (1980)
and Cumby and Obstfeld (1981)) that uncovered interest parity does not hold. That is, in the
sample periods tested, the conditionally expected return differential between comparable assets
across countries is non-zero (i;+1 — ir+1 — 6:+1 has a non-zero mean conditional on information
available at time 7). Although the presence of a risk premium is one explanation for this finding,
others include the possibility of inefficient markets or a peso problem.

Numerous studies have tested whether the rejection of uncovered interest parity is
attributable to a risk premium, without resorting directly to estimating bond demand
equations. Various ingenious approaches have been taken by Hansen and Hodrick (1983),
Hodrick and Srivastava (1984), Domowitz and Hakkio (1985), Mark (1985), Cumby (1987,
1988), Giovannini and Jorion (1987a), and Kaminsky and Peruga (1987). These studies
typically exploit the time series properties of asset returns (and sometimes other variables such
as consumption) without relying on asset supply data.

One branch of this literature can be viewed as a refinement on the portfolio balance models,
in that it derives asset demand equations (rather than asset pricing equations as in most of the
literature cited in the previous paragraph) from an underlying utility-maximization approach.
Frankel (1982b) proposed that a popular and reasonable model of asset diversification—the
capital asset pricing model (CAPM)—can be implemented for international asset data and
estimated. Furthermore, the restrictions that CAPM places on more general bond demand
equations can be tested. Papers that employ this type of international CAPM test include
Frankel (1983), Frankel and Engel (1984), Engel and Rodrigues (1986), Lewis (1988b),
Attanasio and Edey (1987) and Giovannini and Jorion (1987¢).!

These papers demonstrate that CAPM implies an equation of the form:

Eziv1=c+ pQiN\ 1

where z;41 is a vector of real rates of return between time ¢ and ¢ + 1 relative to the real return
on some numeraire asset (the jth real return is calculated as [(1 + #)(1 + aj)/(l +m)] -1,
where / is the nominal rate of return of an asset in its own currency, a is the rate of appreciation
of the currency relative to the currency of the numeraire asset and ~ is the rate of inflation of
prices in the currency of the numeraire asset), ¢ is a vector of constants?, p is a constant that
is a measure of relative risk aversion of the typical market participant, ; is the conditional
variance at time ¢ of z,+1, and )\, is a vector whose jth element is the value of the total
outstanding supply of the jth asset as a share of the value of all assets. The derivation of this
equation assumes that all investors have the same consumption basket, and that the law of one
price holds.

Frankel’s key observation is that if E;z.; is replaced by realized values of z:4, then, under

! Attanasio and Edey (1987), and Giovannini and Jorion (1987c¢), are quite similar to this paper and were written
independently.

2 In general, c is a covariance that could change over time (see Frankel and Engel, 1984). We cannot, however, impose
any constraints between ¢ and the vector of errors. We treat ¢ as a constant for convenience.
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rational expectations, the variance of the vector of forecast errors (z:+1 — E:z:+1) should equal
Q.. This suggests an empirical test of CAPM. Regress each relative ex-post rate of return on
all of the asset shares in \. If there are N assets (not counting the numeraire), this would yield
an N X N matrix of regression coefficients that under the CAPM hypothesis should be
proportional to the covariance matrix of the regression errors—with the constant of
proportionality equal to p.

In the international finance context this idea has been implemented by constructing aggregate
asset data comprising the outstanding obligations of governments from each of several
countries. Dollar assets are chosen as numeraire, and average real returns for assets from each
of the other countries relative to the real return on dollar assets are calculated. In the CAPM
tests that have been performed using this technique there has been little support for the
restrictions imposed by the CAPM theory (see Frankel (1986) for a discussion of this literature).

Typically the conditional variance, ,, has been treated as a constant. However, several
authors, including Hodrick and Srivastava (1984), Cumby and Obstfeld (1985), Hsieh (1984)
and Diebold and Nerlove (1986), have noted that forecast errors in foreign exchange markets
are notoriously heteroskedastic. Giovannini and Jorion (1987a) offer some ‘back-of-the-
envelope’ calculations that suggest that the degree of variability over time in {; is large enough
to account for the empirical failure of CAPM (however, see Giovannini and Jorion (1987b) and
Frankel (1987)).

The international finance literature does not offer a very good guide to the determinants of
the variance of the forecast error. It seems plausible that forecasts should have higher variance
in times of economic turbulence. One approach we take in this paper is to let Q, vary over time
as a function of macroeconomic data such as the US money supply and oil prices. If, in fact,
shocks to the US money supply and dollar oil prices increased the difficulty of forecasting
foreign exchange rates, then the constant variance models of Frankel are misspecified. They
base their measurement of the forecast variance at any time on the average past squared
forecast errors. However, if the money supply or oil prices have been behaving erratically in
the recent past, it is likely that the exchange rate forecast variance will increase.

A method of modelling time-varying variances that does not rely on macroeconomic data has
been suggested by Engle (1982). In essence, he postulates that the variance in this period is likely
to be large following a large error (positive or negative) in the previous period. In a univariate
context, for example, we might see

0_[2= a+ BC%,

where ¢?is the variance for the forecast error made for the time ¢ forecast of time ¢ + 1 returns,
and ¢, is the forecast error made at ¢ for the time ¢ — 1 forecast. This modelling of the variance
is labelled autoregressive conditional heteroskedasticity (ARCH) by Engle. ARCH models have
been used in the foreign exchange literature by Domowitz and Hakkio (1985), Hsieh (1988),
Kaminsky and Peruga (1987), McCurdy and Morgan (1987, 1988), Diebold and Nerlove (1986),
Baillie and Bollerslev (1987a,b), Lastrapes (1987), Hodrick (1987), Bodurtha and Mark (1987),
Mark (1987), Attanasio and Edey (1987), Giovannini and Jorion (1987c), and Engle and
Bollerslev (1986).

In this paper we estimate and test a six-country international CAPM, allowing for time-
varying variances following both ARCH specifications and models relating the variance to
macroeconomic data. We use aggregate asset data representing the nominal obligations of six
governments—France, Germany, Italy, Japan, the UK and the US—and the rates of return
from Eurocurrency markets from April 1973 to December 1984. These CAPM tests can be
viewed as a direct extension of Frankel’s tests by allowing for heteroskedasticity. This work is



