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Abstract

We test for the pricing of exchange rate and foreign inflation risk in equities. Our tests are
motivated by the empirical implications of the models of Solnik (1974b) [Solnik, B., 1974b.
The international pricing of risk: an empirical investigation of the world capital market struc-
ture. Journal of Finance 365-377] as revised by Sercu (1980) [Sercu, P., 1980. A generalization
of the international asset pricing model. Revue de I'’Association Risaeale Financé, 91—

135], Grauer et al. (1976) [Grauer, F., Litzenberger, R., Stehle, R., 1976. Sharing rules and
equilibrium in an international capital market under uncertainty. Journal of Financial Econom-
ics 3, 233-256], and Adler and Dumas (1983) [Adler, M., Dumas, B., 1983. International
portfolio choice and corporation finance: a synthesis. Journal of Fin2g®c825-984]. Both
exchange rate and foreign inflation risk factors can explain part of the within-country cross-
sectional variation in returns. Our results have important implications for hedging exchange
rate risk. They also demonstrate that home bias, at least in US equity portfolios, cannot be
the result of US investors’ efforts to hedge their domestic inflatior2000 Elsevier Science

Ltd. All rights reserved.
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1. Introduction

The benefits of international diversification have been known for many decades,
but it is only recently that investors have started allocating a significant portion of
their portfolio holdings in foreign equities. To manage the risk of international port-
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folios, investors need to know the factors that explain the cross-sectional and cross-
country variation in global equity returns.

Several studies have documented that the world market factor is an important
determinant of asset returns (see, e.g., Solnik, 1974a; Stehle, 1977; Jorion and
Schwartz, 1986; Korajczyk and Viallet, 1989; Harvey, 1991). There is also evidence
that exchange rate and world inflation risk factors can explain part of the cross-
country differences in the returns of equities (see, for instance, Dumas and Solnik
(1995), and Ferson and Harvey (1994) among others). However, there is still no
sufficient evidence to suggest that exchange rate and world inflation factors can also
explain the within-country cross-sectional differences in returns. Our study contrib-
utes to this literature by testing for the presence of exchange rate and foreign inflation
risk premiums in the cross-section of equity returns using individual security data
from 10 developed markets.

The hypotheses we test are motivated by three international asset pricing models,
namely those of Adler and Dumas (1983), Solnik (1974b), Sercu (1980), and Grauer
et al. (1976). We find that both exchange rate and foreign inflation risk factors can
explain part of the within-country variation in average returns.

To test for the pricing of exchange rate risk, we combine information for a cross-
section of exchange rates into two indexes. The first one, the common component
index, combines information that is common to all exchange rates, whereas the
second, the residual component index, captures fluctuations that are specific to the
individual exchange rates. Our procedure has the advantage of reducing the dimen-
sionality of exchange rates whereas at the same time it results in the inclusion of
more information about changes in exchange rates in our tests than the single index
approach adopted in previous studies. Our results reveal that at least part of the
exchange rate risk premium in equities is attached to the residual components of
exchange rates which were overlooked in previous studies. These components have
important implications for the pricing and hedging of exchange rate risk.

Both the Grauer, Litzenberger, and Stehle model and the Adler and Dumas model
suggest that inflation risk is priced. However, the testable implications of the two
models are different. The Adler and Dumas model suggests the presence of as many
inflation risk premiums in equities as there are countries. In contrast, the Grauer,
Litzenberger, and Stehle model suggests that equities carry a single risk premium
with respect to inflation. This is a result of their assumption that the purchasing
power parity holds, and therefore that all stochastic inflation rates collapse to a single
rate when they are expressed in terms of the same reference currency. To test the
implications of the two models and to discriminate between them empirically, we
test for the number of inflation risk premiums present in equity returns. In particular,
we test whether US inflation is priced in all 10 countries and whether, in its presence,
additional inflation rates earn a risk premium. We find that US inflation risk is priced

1 Note that Jorion (1991) tested for the pricing of exchange rate risk in US equities and found that it
is not priced. Furthermore, Chen et al. (1986) and Ferson and Harvey (1991) tested for the pricing of
US inflation risk in US equities and found mixed results.
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in all countries of our sample. This is interesting since it implies that home bias in
US portfolios cannot be the result of US investors’ efforts to hedge domestic
inflation. Finally, world inflation risk, orthogonal to US inflation risk, does not appear
to carry a statistically significant risk premium when US inflation uncertainty and
exchange rate uncertainty is taken into account.

The rest of the study is organized as follows. Section 2 outlines the three inter-
national asset pricing models which motivate our tests and lays out our econometric
approach. Section 3 describes the data and the portfolio construction methodology.
Section 4 discusses the empirical results. We conclude in Section 5 with a summary.

2. Methodology
2.1. The three international CAPMs

In the international CAPM models of Adler and Dumas (1983), Solnik (1974b),
Sercu (1980), and Grauer et al. (1976), expected excess returns of risky assets are
linear functions not only of their betas with respect to the world market portfolio,
but also with exchange rate or inflation risk factors.

The Adler and Dumas (AD) model assumes that investors ofLtte countries
have potentially different consumption preferences, and hence they measure inflation
by different price indexes. Assume there areisky assets of which the firs=EN—L
are stock securities, and the remainingre nominal bank deposits denominated in
the L currencies. Thesk deposits are nominally risky when they are expressed in
terms of the reference currency. Apart from the fact that they accumulate interest,
their prices are essentially the exchange rates wis-dhe reference currency. The
N+1st security is a bank deposit denominated in units of the reference currency and
is instantaneously nominally riskless. In equilibrium, investors hold a combination
of the world market portfolio, and an inflation hedge portfolio which hedges against
the inflation risk of their country. We define all returns to be excess returns. Then
the pricing relation of the Adler and Dumas model can be stated as follows:

L+1
E(Rk)=7/0+2y|” v By (1)
I1=1
where;E(Ry) is the expected excess (over the risk-free interest rate) log return (per
period) of assek; y” is the expected excess return (risk premium) of a portfolio
which is as highly correlated as possible with the inflation rate in countfy is
the regression beta of asdewith the inflation rate of country;, y* is the expected
excess return (risk premium) of the world market portfolio; #¥ds the regression
beta of the return of ass&twith the return on the world market portfolio.
The AD model implies thaf,=0, %™=E(i,) — 7o, andy“=E(R")—%,, wherei, denotes
the inflation rate of country, and R the return on the world market portfolio. If
%#0 then a Black (1972)-type of version of the AD model should be cofrétt.

2 See Jorion and Schwartz (1986) for a similar argument.
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that case, the return on the zero-beta portfolio should be equal to the risk-free rate
plus 1o

Solnik (1974a), and the revised version of his model as it appears in Sercu (1980),
the S-S model as we will call it, assumes that the inflation rate of coliexpressed
in its home currency, is zero or nonstochastic. As a resultLt#feinflation hedge
funds of the Adler and Dumas model collapseLtexchange rate hedge funds, and
the pricing relation of the S-S model becomes:

E(R)=7+ > ¥Bu+7"BY )

where;n'=E(r{)—y is the expected excess return (risk premium) of a portfolio which
is perfectly correlated with the return of boh&xpressed in the reference currency,
rf, (i.e. the exchange rate between currehand the reference currenty-1); and

f. is the regression beta of the return on adseith the return on the exchange
rate between currenciésand L+1.

Finally, the Grauer, Litzenberger, and Stehle (GLS) model, which is the most
restrictive of the three specifications, assumes that inflation is stochastic, but purchas-
ing power parity (PPP) holds. Under these assumptions, it is easy to show that the
AD model collapses to:

E(R)=1o+ 1 Ba+y By, Ol=n+1,.N+1 3)

The AD, S-S, and GLS models assume that the first and second moments of
security returns are constant. Under this assumption, conditional and unconditional
moments are identical, and hence, the investment opportunity set is constant. We
will test for the pricing of exchange rate and foreign inflation risk, as implied by
these models, using unconditional moments.

2.2. Econometric approach

The models described in (1), (2), and (3) allow us to test for the pricing of
exchange rate and inflation risk, but not for their relative importance. To test the
latter hypothesis, we “nest” the three models into one specification. To do that, we
overparameterize the AD model in the following manner:

L+1

ERI=1o+ >, WBR+ 2 WBL+ 7B (4)

I=1 I=1

In what follows, we use as our base the S-S and GLS models to estimate exchange
rate and foreign inflation risk premiums, and model (4) to evaluate tiedative
importance in the pricing of equities. We will continue to refer to relation (4) as the
AD model. Note, however, that this is strictly correct only if the inflation terms in
(4) are stated in local currency rather than the reference curierty



M. Vassalou / Journal of International Money and Finance 19 (2000) 433-470 437

2.2.1. The reduction of dimensionality in the L exchange rates variables

Because exchange rates tend to move together to a large extent, the inclusion
of changes of several exchange rates in the same regression model creates severe
multicollinearity problems. In addition, to test effectively for the pricing of exchange
rate risk, one needs to include changes in a large number of exchange rates which
can result in the estimation of a large number of risk premiums at the expense of
efficiency. The purpose of this section is to propose and lay out a methodology
which will address both issues by simultaneously resolving the multicollinearity
problem and minimizing the number of exchange rate risk premiums that need to
be estimated.

Previous studies have chosen to include either an index of changes in exchange
rates (see, e.g., Jorion, 1991; Ferson and Harvey, 1994), or changes in a small number
of exchange rates (e.g., Dumas and Solnik, 1995).

In this paper, we include information on nine exchanges rates (those implied by
the 10 countries in our data sample) combined in two indexes. One;atfmenon
component indexmeasures movements which tend to be common across all
exchange rates. The second index, calledrésdual exchange rate indegaggre-
gates the fluctuations which are specific to the individual exchange rates. This pro-
cedure has three advantages: first, it resolves the multicollinearity problem, second
it reduces the dimensionality of exchange rates, and third, as it is shown below, it
results in the inclusion of more information about changes in exchange rates than
the single index method.

Similarly to previous studies, we work with changes rather than levels in exchange
rates, and we measure exchange rates in logs. Under the assumption that exchange
rates follow a random walk, changes in exchange rates represent innovations.

Our procedure involves the following steps: We project the changes in each of
the L exchange rates on the changes of the remaihind exchange rates through
the following regression:

=8+ > &riteg (5)
1=I=L, I#j
where E(e;)=0; courf,€;)=0, J1=I=L. The residualsg; of the changes in th¢
exchange rate represent the component' difiat is not explained by the changes in
the remaining exchange rates, ithe residual componertf r/. The common (or
systematic) componenof the L exchange rates;, is defined as follows:

Kt =T — 0o — € (6)

We furthermore define the deviation of the common component df #wechange
rates from its mean ag=«;—k; wherek; denotes the sample mean gf By con-

3 There is some evidence of predictability in changes in exchange rates—see for instance, Bekaert and
Hodrick (1992). However, this predictability is small, and therefore, the random walk remains a reasonable
approximation of the process followed by exchange rates.
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struction, E(1;,,)=0; coM¢;;,n;)=0. Up to this point, there is no loss of information
from the decomposition presented. Each exchange rate is simply a linear combination
of its common and idiosyncratic component. We then construct two equally weighted
indexes corresponding to the sets of residuals obtained from (7) and (8):

1
et:EEGjt (7)
=1
and
1L
AtZEE Nit (8)
=1

The variableg, is the average residual component of changes i @&kchange
rates, wherea&, describes the average common component shared by changes in
the same exchange rates. The creation of the two indexes is necessary in order to
minimize the number of exchange rate betas and risk premiums that need to be
estimated. This gives rise to some loss of information. We evaluate below the infor-
mation contained in the two indexes, as well as the information lost.

Table 1 compares the common and residual component indexes with an equally
weighted indeX. The comparison is performed in US dollars which is the reference
currency of this study. Panel A presents correlation coefficients. The correlation of
A with the equally weighted index is 0.991 which means that the common component
index is virtually identical to the equally weighted index of all exchange rates. Fur-
thermore, the residual component index has a correlation of 0.228 with the common
component index and a correlation of 0.355 with the equally weighted index of
changes in all exchange rates. In Panel B of Table 1 we report the aditstpthares
from OLS regressions of changes in exchange rates on the constructed indexes. It
is interesting to note that the common and residual component indexes can jointly
explain a larger proportion of the variation in exchange rates than the equally
weighted index. Although there is always loss of information by grouping exchange
rates into indexes, this loss is smaller when exchange rates are grouped into two
indexes with the method proposed here rather than in a single index. The additional
information about changes in exchange rates contained in the residual component
index should increase the power of our tests regarding the pricing of exchange rate
risk relative to those of previous studies which used the single index approach. This
is important since Jorion (1991), for instance, who used the single index approach
to test for the pricing of exchange rate risk, failed to reject the hypothesis that
changes in exchange rates receive a zero risk premium.

Finally, it is worthwhile to mention that in a principal component analysis, not
presented here, the first factor was effectively an equally weighted average of the
changes in all exchange rates, whereas several of the other factors could be inter-

4 For a description of the data, see Section 4.1.
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Table 1
Statistical properties of the common and idiosyncratic exchange rate ifdexes

Panel A: Correlation coefficients

corr(A,EW) corrg,e) corr(e,EW)
0.991* 0.228* 0.355*

Panel B: Coefficients of determination

Country R2(A) R%(e) adj. R(1,e) R2(EW)
Australia 0.20 0.49 0.58 0.28
Canada 0.08 0.09 0.15 0.11
France 0.85 0.02 0.86 0.83
Italy 0.71 0.06 0.72 0.71

Germany 0.93 0.02 0.96 0.86
Japan 0.57 0.21 0.66 0.62
Switzerland 0.80 0.07 0.81 0.80
Netherlands 0.95 0.02 0.98 0.89
UK 0.60 0.17 0.66 0.64

a2 The correlation coefficient between the common component index and the equally weighted index
is denoted bycorr(A,EW) and the correlation coefficient between the common component index and the
residual index bycorr(1,e). Furthermore,corr(e,EW) denotes the correlation coefficient between the
residual component index and the equally weighted index. The coefficients of determination from
regressions of the changes in exchange rates on the common component index, and the residual component
index, are denoted bfR?(1) and R*(€), respectively. The corrected coefficient of determination from
bivariate regressions on both the common and residual component indexes is denotadj. Wi\ ,e)
whereasR?*(EW) denotes the coefficient of determination from regressions of the changes in exchange
rates on the equally weighted index of all exchange rates. The reference currency is the US dollar.
Exchange rates are quoted as foreign currency per US dollar. The statistics are calculated using monthly
observations from January 1973 to December 1990, i.e., 216 observations in total.
*significant at 1% level.
**significant at 5% level.

preted as the residual components from the above decomposition. One may therefore
understand the common component index as representing the first factor from the
principal component analysis, and the residual component index as a combination
of the rest.

2.2.2. Testing for the pricing of foreign inflation risk

Recall that the GLS model suggests the presence of a single inflation risk premium
in equity returns whereas the AD model specifies that the inflation uncertainty of
all countries should be priced. To empirically discriminate the two models we need
to test for the number of inflation risk premiums contained in international equities.
The GLS model provides no guidance as of which inflation rate should be priced.
This is because in the GLS model PPP holds, and all country inflation rates collapse
to a single inflation rate when expressed in terms of the same reference currency.

Given the prominence of the United States in the world economy and the inter-
national capital markets, and the fact that the US dollar is the reference currency of
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this study, we choose to test whether US inflation uncertainty is priced in the equity
returns of all countries in our sample. This hypothesis corresponds to testing the
GLS model. In order to empirically distinguish the AD model from the GLS model,
we also test whether inflation uncertainty which is unrelated to US inflation is also
priced in international equity returns. If both null hypotheses of zero inflation risk
premiums are rejected, we can reject the GLS model in favor of the AD model. If,
however, we only reject the first hypothesis, we can conclude that the empirical
predictions of the AD model do not dominate those of the GLS modhally, if
we only reject the second hypothesis then we can again reject the GLS model in
favor the AD model, since its prediction that a single inflation rate is priced would
not be empirically supported.

To test the above hypotheses, we construct an index of world inflation that contains
the inflation rates of all countries in our sample other than the US. This index uses
GDP weightings and is expressed in US dolfars:

itg:2¢|in )

where:i; denotes the inflation rate of counttywherel=1,..L. The L+1% inflation
rate is the US (reference currency) inflation rapejs a GDP weight that aims to
proxy national wealth weights and is updated on a yearly basis; idrknotes
world inflation.

To the extent that inflation processes across countries are not independent, the
index of world inflation can be correlated with the US inflation. Since we are inter-
ested in the pricing of world inflation risk which is residual to the US inflation risk,
we render the two series orthogonal to each other through the following projection:

I9=VotVai st Vi (10)

where:v, denotes the residual world inflation orthogonal to the US inflation. It fol-
lows again tha&(i, ,.,)=E(v)=coWi, +1,V,)=0

Given that the models are tested using unconditional moments, the variables in
(9) and (10) should represent levels of inflation rates rather than their innovations

5 Note that we cannot formally reject the AD model since it is the most general specification examined
in this study.

& The weighting scheme employed is motivated by the Adler and Dumas model. Note that even under
the simplifying assumption of equal average risk tolerances across countries, equation (14) in Adler and
Dumas (1983) can be written using the notation of this study as:

L+1
E(RY=7"Br+7" > Wi

I=1
whereW, denotes the wealth of counthandy” is the world inflation risk premium. Note that the inflation
risk premium of countryl in Egs. (1, 3) and (4) of this study is related 6 in the following manner:
¥*=y™W,. This implies that the world inflation index needs to be weighted in such a way so as to reflect
the relative wealth of each country. | am thankful to Piet Sercu for pointing out this need. A proxy for
a country’s wealth is its gross domestic product (GDP).
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(unexpected inflation). Note, however, that the the inflation series are nonstatjonary
and therefore, regressions of equity returns on inflation levels would be unbalanced.
To avoid this problem, we filter the inflation series using an ARIMA(0,1,1) model
and use in our tests the innovations which represent unexpected infitanefore,

in the rest of the paper, the variables in relations (9) and (10) should be understood
as denoting innovations rather than levels of inflation rates.

2.3. The econometric specification of the three competing models

Based on the data transformations performed in Section 2.2.1, the changes in the
L exchange rates that appear in the S-S model can be substituted by the common and
residual component indexes of exchange rates. In other words, we will assume that

L
D Bu=yBe+Y B (11)
=1

where:y¢ is the excess residual component index of changes in exchange rates. It
represents the exchange rate risk premium with respect to the residual component
index; B¢ is the regression beta of the return on asseith the residual component
index; y* is the excess common component index of changes in exchange rates, and
it is the risk premium with respect to the common component index of changes in
the L exchange rates; an} is the regression beta of the return on asseith the
common component index.

If we substitute the above relation in (2) the S-S model becomes:

E(R)=yot+yBe+y Bt v*BY (12)

In a similar manner, we assume that thel inflation rates in the Adler and Dumas
model can be well approximated by the innovations in the US inflation and the index
of residual world inflation. In particular, we assume that:

L+1

D W BE=Y'Bi+ v By (13)

where:y' is the US unanticipated inflation rate in excess of the risk free rate, and
denotes the US unanticipated inflation risk premiyinis the regression beta of the
return of assek with the US unanticipated inflation ratg! is the residual world

7 For tests of unit roots in inflation series see Crowder (1996), Siklos and Wohar (1997) and Vassalou
(1994, 1996).

8 The ARIMA(0,1,1) model is widely used for inflation forecasting. For evidence on the comparative
performance of the model see Fama and Gibbons (1984).

® Recall that the use of inflation innovations in our tests is not inconsistent with the way we treat
returns on the world market portfolio and changes in exchange rates. As noted earlier, under the random
walk hypothesis, both the returns on the world market portfolio and changes in exchange rates rep-
resent innovations.
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inflation rate in excess of the risk-free rate. It denotes the residual world inflation
risk premium; andg3y, is the regression beta of the return on asseiith the world
unanticipated inflation rate.

Under the above assumptions on thexchange rates and the-1 inflation rates,
the AD model can be written as:

E(R)=1t7' Bty BityBity Bty By (14)

Finally, in line with the assumptions of the GLS model, we assume that all inflation
rates collapse to the US inflation rate when they are expressed in terms of US dollars.
We therefore state the GLS model as follows:

E(R)=%+7'Bity B¢ (15)

To formulate empirical tests for the three models, we decompose the rate of return
on assek into an expected componeB{R,) and a set of innovations. In the case
of the S-S model this yields:

Ra=E(Ra) + (R —E(RY) + et Bid i+ i (16)

Substituting (11) into (14) gives
Ra=Yo(1=Bi) +BER+y B+ Bret+ v B+ Bidet L 17)

We repeat the same procedure for the AD model which now becomes:
Re=Y0(1—B) + BERN+y B+ Bre+ v i+ Bid ot Y Bict Bid o+ Y B+ Biv, (18)
+&u

Similarly, the GLS model can be written as:
Ra=70(1—B%) +BERY+ ¥ Bt Bidi + Wit (19)

Under the null hypotheses that exchange rate and inflation risks are not priced,
ye=y*=y'=yv=0. Also, note tha€({,)=E(y)=E(&)=0.

To estimate the models (17), (18), and (19) we constikupbrtfolios of security
returns for each of the 10 countries in our sample, following the methodology
described in Section 3.2. Each model is estimated in a systelxbd® equations,
allowing for contemporaneous correlations in error terms as in seemingly unrelated
regressions (SUR). ThB and y coefficients in each model are estimated simul-
taneously which avoids the errors-in-variables biases of the coefficients imbedded
in two-stage procedures, such as the classic Fama—MacBeth (1993) methodology.

Notice that despite the fact that our tests include the world market risk factor, the
models (17), (18), and (19) do not include a term for the world market risk premium.
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However, an estimate for the world market risk premium can be easily calculated
through the equatiop*=E(R")—,. Whenf andy coefficients are estimated simul-
taneously, oner coefficient is rendered redundant. We chose that coefficient to be
the world market risk premium since the pricing of the world market factor is well
known and well documented in the literature and does not warrant further investi-
gation. The purpose of this paper is to test for the pricing of exchange rate and
inflation risk, as well as their relative importana®jer and abovehat of the world
market factor. The methodology adopted here was initially proposed in Gibbons
(1982), and subsequently used in Jorion and Schwartz (1986), among others. It is
particularly suitable for estimations using the generalized methods of moments
(GMM).

We map the models into an iterated GMM procedure, and employ the Newey—
West (1987) estimator. Tests of unconditional mean-variance efficiency using GMM
were first performed in MacKinlay and Richardson (1991). Evidence in Ferson and
Foerster (1994) suggests that the iterated GMM procedure has better small sample
performance than the one-step GMM estimation, while it maintains the same asymp-
totic distribution theory. The truncation parametein the Newey—West estimator
was set equal to six, and corresponds to the number of residual autocorrelations that
were found statistically significant at the 10% leW&l.

In the Newey—West estimator, the weighting matrix employed is “optimal” in
Hansen’s (1982) sense, and the minimized sample analog of the quadratic function
follows a y? distribution. This means that we can directly perform Hansen’s (1982)
J-test on the overidentifying restrictions of the models. Furthermore, we can use
Newey—West's (1987P-test to compare the minimized objective function of the
restricted models (i.e. models (17), and (19)) with that of the unrestricted model (i.e.
model (18)).

As additional diagnostic tests, we compute mean pricing errors (ME) and root
mean square pricing errors (RMSE) from the models estimated. Finally, we compute
adjustedR-squares.

3. Data and portfolio construction
3.1. Data

Our study uses monthly stock returns from 10 countries namely, Australia, Canada,
France, ltaly, Switzerland, the Netherlands, Japan, Germany, UK, and*USA.

10 Because in several cases, the significant autocorrelations were not equal to six, we repeated the main
tests of this paper settirgE3 which corresponds to the number of tin@jority of autocorrelations signifi-
cant at the 10% level. Thievalues changed only trivially with this modification, and our results remained
qualitatively the same.

11 QOther international asset pricing tests that use individual security returns include those of Korajczyk
and Viallet (1989), and Jorion and Schwartz (1986). The first study uses security returns from the USA,
UK, Japan, and France, while the second one from USA and Canada.
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Our sample runs from January 1973 to December 1990. Data for the USA are
from the files of the Center for Research in Security Prices (CRISP), whereas data
for the UK are from the London Share Price Database (LSPD) compiled at London
Business School. The remaining data are extracted from Datastream.

Note that Datastream allows the downloading of monthly prices and dividend
yields for individual securities, but not of total returns. Therefore, total returns for
eight of the 10 countries in our sample have been calculated by spreading evenly
the monthly dividends throughout each year. This method, which represents the only
option we had available, may smooth the series to a certain extent but it is not
expected to affect the means in any meaningful way. Furthermore, the parameter
estimates should also be unaffected. Sharpe and Cooper (1972) have shown that beta
estimates remain the same, independently of whether we use for our regressions total
returns, or simply, capital gains. We replicated their tests using a small number of
securities from each of the 10 countries. Our results are consistent with theirs. For
that reason, we do not report them.

All country samples are comprised of security returns with continuous record.
This, in principle, can impart a survivorship bias in our results. In Section 4.4.4 we
test for this possibility and conclude that our results on the pricing of exchange rate
and inflation risk cannot be affected in a significant manner by the survivorship bias
in our database.

Table 2 reports the number of securities in each country sample and summarizes

Table 2
Distributional properties of stock returns

Country Number of - Filter Reversalsmean variance skewness kurtosis
tests Ho: 0.27% Ho: 1%
Australia 95 1.30% 0.70%  0.008 0.021 —0.655 7.990
Canada 32 1.07% 0.72%  0.007 0.007 -0.197 3.270
France 104 1.05% 0.60%  0.011 0.011 0.109 2.225
Germany 143 1.02% 1.07%  0.006 0.006 0.179 3.910
Italy 65 1.18% 0.71%  0.013 0.013 0.439 5.800
Japan 112 1.34% 1.37% 0.011 0.011 0.589 3.740
Netherlands 101 1.32% 0.53% 0.011 0.011 —0.010 7.230
Switzerland 67 1.16% 1.00%  0.005 0.005 -0.243 4.664
UK 600 1.45% 1.02%  0.013 0.013 0.113 4.297
USA 400 1.22% 1.03%  0.098 0.098 0.450 6.985

a All tests were performed in the local currency. The second column gives the number of securities
available in each country sample. Only securities with a continuous record for the entire time period were
included (i.e. Jan. 1973 to Dec. 1990). The third column describes the results of the filter rule test which
aims to detect the percentage of observations outsiieheee standard deviations interval. The fourth
column reports the percentage of observations that exhibit reversals outside the 1.47 standard deviations
interval. Under the null hypothesis that the data follow a normal distribution, only 1% of the observations
should exhibit reversals. The remaining four columns report the average values of the first four moments
across securities of the same country. Under the null hypothesis of a normal distribution, both the skewness
and kurtosis should be equal to zero.
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the distributional properties of the individual security returns. The purpose of the
tests presented in this table is to verify the quality of our individual security returns.

A filtering rule was imposed to check for the number of observations that lie
outside an interval of plus or minus three standard deviations, and the results were
compared with those expected under the hypothesis that the data are sampled from
a normal distribution. Our evidence coincides with results from previous studies (see,
e.g., Fama, 1965) which indicate the presence of fat tails in the distributions of
asset returns.

We also check all samples for the presence of reversals relative to the mean. To
render the test powerful, we choose a rule that allows 1% of the observations to
exhibit reversals. This rule permits us to make meaningful inferences without picking
reversals of insignificant value. Under the normal distribution hypothesis, the 1%
rule prescribes us to check for reversals outside the 1.47 standard deviations interval.
The results show that in all samples the percentage of observations that passed the
rule is very close to the theoretical one. This indicates that there are no “flags” or
other significant punching errors in our data.

Finally, we compute the first four moments for each security in our sample, and
report the average values of these moments for each country sample. The third
moment denotes skewness, and under the null that the data are generated by a normal
distribution, it should be equal to zero. We find that the data are slightly skewed to
the right, with the exception of Australia, Canada, and Switzerland where small
negative values were obtained. The fourth moment denotes kurtosis. The estimated
values confirm the results of the filtering rule and show that all samples are to some
degree leptokurtic with that phenomenon being more apparent in Australia, the
Netherlands, and the USA.

Overall, our results on the distributions of security returns are consistent with
those in the literature. They suggest that our data are of comparable quality to those
in other studies, and they confirm the need to employ a distribution-free estimator
for our tests, since security returns do not appear to be normally distributed.

In the rest of the paper, we proxy the world stock market portfolio with the Morgan
Stanley Capital International (MSCI) world index. Country indexes for the 10 coun-
tries in our sample are also from MSCI. Spot exchange rate data are extracted from
the OECD files. The series of 30-day Treasury Bill (T-bill) interest rates was obtained
from the “Encorr” database maintained by Ibbotson Associates. Inflation rates are
from the IMF Series and are calculated from each country’s Consumer Price Index
(CPI). Data for Australian inflation are available only on a quarterly basis. The
monthly inflation series is therefore computed by spreading evenly the quarterly
inflation over the three month’s period. Finally, GDP data were obtained from the
International Financial Statistics (IFS), 1991 Yearbook.

Table 3 provides summary statistics for all data used in the study. Our reference
currency is the US dollar. The statistics are means, standard deviations, and autocor-
relations up to order twelve. All variables are calculated in excess of the holding
period return on the US 30-day T-bill. Portfolio 1 for a given country represents the
portfolio with the lowest betas against the world market portfolio, the equally
weighted index of all changes in exchange rates, and the GDP weighted index of
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world unexpected inflation. Portfolio 8 for a given country represents the portfolio
with the highest betas against all three variables. The portfolio construction method-
ology is described in detail in the following section.

3.2. Portfolio construction

The AD, S-S, and GLS models imply that the independent variables against which
we need to gain dispersion are the return to the world market portfolio, the inflation
series, and the changes in exchange rates. Given the data transformation performed
in Sections 2.2.1 and 2.2.2, and the structure imposed on the models as stated in
relations (17), (18), and (19), we choose as instrumental variables for the classi-
fication of stocks into portfolios the world market portfolio beta, the beta of the
world inflation index (not orthogonal to the US inflation), and the beta with respect
to an equally weighted index of changes in all exchange rates.

The two inflation variables in (18) are orthogonal to each other, and therefore,
classifying securities according to the beta coefficient of the world inflation index
(not orthogonal to US inflation) offers dispersion against both variables. Furthermore,
recall that the correlation between the equally weighted and residual indexes is 0.355,
while that of the equally weighted and common component indexes is equal to 0.991.
Therefore, a classification of securities using the equally weighted index will offer
dispersion against both the common component and the residual component indexes
of exchange rates. Evidently, the dispersion gained against the common component
index will be higher than that against the residual index, but again the variation
of changes in exchange rates explained by the common component index is also
considerably higher.

To avoid problems related to selection bias, the estimation of these beta coef-
ficients should be independent of the beta estimates obtained in our tests. Since our
sample spans the period from January 1973 to December 1990, each security has a
total of 216 monthly observations. To construct the portfolios we use Chen’s (1983)
methodology, and therefore, we separate the observations into two groups of odd
and even months. We use odd observations to estimate betas and even ones to calcu-
late the returns of the portfolios, and estimate the models.

The advantage of this approach relative to the classic Fama—MacBeth (1973) pro-
cedure is that it allows us to use observations from the whole time period covered
by our sample. In the Fama—MacBeth procedure, the first five years of data are used
only to classify stocks into portfolios. A further advantage of the Chen procedure is
that it assumes stability only between betas estimated using odd and even obser-
vations, a rather weak assumption. In contrast, Fama—MacBeth assume stability of
betas across time which is a stronger assumption. However, a disadvantage of Chen’s
portfolio construction approach is that the total number of observations used is
smaller than the number of observations we would have used with the Fama—
MacBeth approach.

There are six possible ways in which we can classify securities into portfolios
given that we want to obtain dispersion against three variables. However, our aim
is to maximize dispersion against the exchange rate and inflation betas since the
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focus of our paper is the pricing of exchange rate and inflation risk premiums, and
exchange rate and inflation betas tend to be more noisy than world market betas.
Given these considerations, we choose to first classify securities according to their
world betas into two portfolios, then we subdivide each portfolio into two portfolios
according to the exchange rate betas, and finally, all portfolios are split into two
according to the world inflation betas. This classification gives maximum dispersion
against inflation betas and least dispersion against world market betas. Since we do
not estimate world market risk premiums in this study, the limited dispersion gained
against world market betas should not be problematic. In addition, we will show in
Section 4.4.3 that, although the dispersion of world market betas across portfolios
is smaller than that of the exchange rate and inflation betas, the standard errors of
the world market betas are substantially smaller than the standard errors of exchange
rate and inflation betas. This justifies our choice to aim for larger dispersion of
exchange rate and inflation betas across portfolios. Finally, it will be shown that the
dispersion of exchange rate betas and their standard errors are comparable to those
of inflation betas, although our portfolio construction approach does not maximize
dispersion against exchange rate betas. Again, this piece of evidence renders support
to our choice to aim for maximum dispersion against inflation betas.

To avoid mis-specification biases, the estimation of betas was carried out accord-
ing to the implications of the three theoretical models. In particular, for each set of
betas, we chose to estimate them according to the most general specification in which
they appear. World and inflation betas were estimated jointly, as specified in the AD
model. Exchange rate betas were estimated together with the world betas, as it is
implied by the S-S model. However, from these estimations we retained only the
exchange rate betas. Eight portfolios were formed for each country, i.e. a total of
80 portfolios for all 10 countries.

The above procedure was repeated for the two subperiods of 108 total obser-
vations. The portfolio returns for the entire period are obtained by appending the
portfolio returns of the first subperiod to those of the second subperiod. This is done
in order to account for possible non-stationarities in betas, and it is equivalent to
updating the membership of securities in the eight portfolios twice during the
entire period.

4. Empirical results
4.1. Country-specific exchange rate risk premiums

Table 4 presents the results from the estimation of the S-S model. They are
obtained by estimating betas, intercepts, and risk premiums for all countries simul-
taneously. We observe that at least one of the exchange rate indexes is priced in six
out of the 10 countries in our sample. The common component index is priced in
Germany, Japan, Switzerland, and Netherlands. Note that in Germany, Japan, and
Switzerland, the risk premium is negative and varies betwe8bril5% per month
for Germany and-0.7% for Japan. This means that hedging the common component
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exchange rate exposure during the period studied would have resulted into an
increase in the return of equity portfolios in these countries, since hedging the
exposure to the common component index would decrease or eliminate its exchange
rate risk premium. This would not have been the case in the Netherlands where the
common component risk premium is positive. Similarly to the results of Jorion
(1991), the common component index which is virtually identical to a simple index
of all exchange rates, is not priced in the USA. Note, however, that the residual
component index carries a risk premium of 0.42% per month in the US which is
statistically significant at the 5% level. In addition, the residual component is also
priced in Canada, Germany, Japan, and the Netherlands. The magnitude of its risk
premium in these countries varies from 0.365% in Canada to 0.921% in Japan.

The results with respect to the pricing of the residual component index are
important because they affect significantly our conclusions regarding the pricing of
exchange rate risk, and therefore, the effect that exchange rate hedging may have
on the return of equity portfolios. In the absence of the residual component index
from our tests we would have incorrectly concluded that exchange rate risk is not
priced in Canada and the US, and consequently, hedging exchange rate risk would
only reduce the volatility of equity portfolios in these countries, leaving their return
unchanged. By the same token, we would have concluded that hedging exchange
rate risk in Germany and Japan would result in a bigger improvement of the perform-
ance of their equity portfolios than it appears to be the case in the presence of the
residual exchange rate component.

If the S-S model is the correct model, the intercgpiust be equal to zero. We
see thaty, is statistically different from zero at the 5% level only for Germany and
Japan which means that the model performs relatively well in the other countries.

To further evaluate the ability of the S-S model to explain equity returns in the
10 countries we use a series of criteria. We first compute the mean pricing error
(ME) across the eight portfolios of each country. We find that the ME is positive
in seven countries but negative in the remaining three. A positive ME indicates that
the model tends to overestimate expected returns of equity portfolios. The absolute
magnitude of the ME varies from 2.7% (0.022x100) per annum (pa) for Switzer-
land and the Netherlands, to 0.9% pa for Australia and the US. Therefore, although
the model tends to misprice equities, the absolute magnitude of the mispricing is
relatively small.

We also compute the standard deviation of the pricing error which is given by
the root mean square error (RMSE). To interpret these numbers, we need to know
the average standard deviation of the portfolios. From Table 3 we know that, for
instance, the average standard deviation across the Italian portfolios is 0.08 or 27.7%
pa. The RMSE across Italian portfolios in Table 4 is 0.074 or 25.63% pa. This means
that the model reduces the average standard deviation of the Italian portfolios by
2.13%. This order of standard deviation reduction is among the smallest observed
across countries. One of the largest reductions is found in the US portfolios where
the standard deviation is reduced by 6.4%. Next in line are the UK with a reduction
of 5.9%, Germany with 4.9%, and Japan with 3.84%. The above figures reveal that
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a substantial part of the variation in returns remains unexplained. This is not neces-
sarily worrisome, since the ME are small.

The adjusted?-square provides an additional intuitive measure for the perform-
ance of the model. It is calculated by adding up the sum of square residuals from
the eight equations of each country’s portfolios. It appears that the S-S model per-
forms best in the US (68.26%) and worst in Italy (11.04%). This is of course consist-
ent with the results of the RMSE.

We compute Hansen'§-statistic which follows gy?(50)=54.51. TheP-value of
the test is equal to 0.30 which suggests that the model cannot be rejected. This is
not surprising, given that the model performs well in most countries in our sample.

4.2. Country-specific US inflation risk premiums

Table 5 reports the results from the estimation of the GLS model. Similar to the
case of the S-S model, intercepts, betas, and risk premiums were estimated for all
countries simultaneously. Interestingly, US unanticipated inflation is priced at the
5% level not only in the US portfolios but also in all others, apart from the UK and
Swiss portfolios where it is priced at the 10% level. This is contrary to the general
belief that only domestic inflation is priced in a country’s equities, and suggests that
at least US inflation can be hedged using not only US equities but also equities from
other countries. In that sense, home bias in US portfolios cannot be due to investors’
demands for hedging domestic inflation.

Note that the US inflation risk premium attached to Canadian and US equities is
of almost identical magnitude. This is an interesting but also intuitive result since,
in general, Canada closely follows the US monetary policy and maintains a similar
level of inflation to that of the US. Notice also that the US inflation risk premium
attached to foreign equities is larger than that found in US (and Canadian) equities.
This may be the effect of expectations of inflation transmissions from the US to the
rest of the countries, although our tests are not geared towards providing a definite
explanation for this result. The US inflation risk premium is always positive and its
magnitude is of a similar order to that of the exchange rate risk premiums.

The country intercepts indicate that the GLS model performs well in all countries
except in Germany and the Netherlands where positive and statistically significant
intercepts were found.

The ME are again positive in seven countries, but their absolute magnitudes are
larger than in the case of the S-S model. This suggests that the S-S model may price
equities more accurately than the GLS model. The largest mispricings are found in
Australia and the Netherlands where the GLS model underprices Australian equity
by 4.7% on average, and overprices Dutch equity by 3.69%. Note, however, that the
US securities are underpriced by only 0.1% pa which is a quite smaller mispricing
than the one produced by the S-S model. This result does not mean that the GLS
model is better in pricing US securities. The RMSE of the GLS model are larger
than those of the S-S model for all countries. In other words, although the GLS
model produces a smaller pricing error in the case of US securities, it also leaves a
larger proportion of the standard deviation of returns unexplained.
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Table 5
Estimation of US inflation risk premiutn

Country Yo 7 ME* RMSET Rt
Australia 0.0033 {0.96) 0.0113 (5.06) —0.0039 0.0717 30.36
Canada —0.0002 ¢0.09) 0.0040 (3.49) —0.0026 0.0502 30.76
France 0.0035 (1.31) 0.0094 (8.85) 0.0002 0.0569 36.34
Germany 0.0053 (2.84)  0.0059 (5.47) 0.0016 0.0492 29.03
Japan 0.032 (1.50) 0.0065 (5.88) 0.0011 0.0589 25.49
Switzerland 0.0090 (1.11) 0.0201 (1.68) 0.0003 0.0435 37.00
Italy 0.0017 (0.58)  0.0061 (8.85) 0.0009 0.0753 11.10
Netherlands 0.0067 (3.33)  0.0082 (8.00) 0.0031 0.0523 25.93
UK —0.0066 (0.90) 0.0229 (1.71) 0.0015 0.0533 38.96
USA —~0.0022 (1.69) 0.0048 (4.77)  —0.0001 0.0418 64.76

Hansen'sJ;-test8: y%(60)=43.9; P-value=0.94

@ The following model is estimated using an iterated generalized methods of moments (GMM) pro-
cedure, and employing the Newey—West estimator (the truncation paragnetes set equal to 6):

Ra=7o(1—BY) + BERY+ Y BictBid i+ Wi

whereR, is the return of equity portfolik. Eight portfolios are constructed for each of the 10 countries,

i.e. 80 portfolios in total. The variabledenotes the innovations in US inflation rate. All variables are in

US dollars in excess of the holding period return on the Treasury Bill which is closest to 30 days to
maturity. The data span the period from 1973:01-1990:12. The coeffididenotes the US unanticipated
inflation risk premium. The coefficienf8{ and g} denote the betas of portfolio with the world market
portfolio, and the US unanticipated inflation. Beta estimates are not reported in this Table. The coefficient
% should be equal to zero if the model is true. As a proxy for the return on the world market portfolio,
R", we use the return on the MSCI world index. Country-specific risk premiums in the 80 equations
system are estimated for all countries simultaneously. We used only even observations for the estimation
of the model, since the odd observations were previously used for the construction of portfolios. Beta
and gamma coefficients are estimated simultaneously. Corregtddes for heteroskedasticity and serial
correlation appear in parentheses beside the coefficient estimates.

*Mean error from model (19) across portfolios.

tRoot mean square error from model (19) across portfolios.

TAdjusted coefficient of determination, calculated in each case using the sum of square residuals from
the relevant portfolio returns.

§ Hansen's GMM test.

As would be expected, the adjusted R-squares are also smaller in all cases relative
to those computed for the S-S model. The reduction is not dramatic, however. The
GLS model can explain 65% of the variation of returns in the US, and 11% in Italy.
The fact that the model does not perform poorly in absolute terms is confirmed by
Hansen’sJ-test. TheP-value implies that the model cannot be rejected.

4.3. Joint estimation of country-specific exchange rate and inflation risk premiums
Since the tests of the S-S and GLS models suggest that both exchange rate and

US inflation uncertainty is priced, it is worthwhile to examine to what extent the
estimated exchange rate risk premiums proxy for inflation risk premiums and vice
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versa. The relative importance of exchange rate and foreign inflation risk premiums
in equities is tested using model (18) which is our empirical version of the AD model.

Table 6 presents the results. They are obtained once again by estimating all coef-
ficients for all countries simultaneously. We observe that the exchange rate and US
inflation risk premiums are markedly different in terms of value from those reported
in Tables 4 and 5. In addition, in most cases, they are not statistically significant at
the 5% level. This is due to multicollinearity problems arising from the simultaneous
inclusion of exchange rate and inflation variables in the model. In particular, the
residual world inflation index has correlations of 0.34 and 0.96 with the residual and
common component exchange rate indexes, respectively. Note, however, that the
correlations of US unanticipated inflation with the residual and common component
factors are only 0.05 anet0.10, respectively.

A comparison of the ME and RMSE with those reported in Tables 4 and 5 is
more revealing. The ME in five countries are now negative. In terms of absolute
magnitude, they are lower in Canada, Germany, Italy, the Netherlands, and the UK,
relative to those from the previous models, but higher in the other countries. The
lowest ME are found in Japan and the UK and have an absolute magnitude of
approximately 0.06% pa. The highest ME are in France and the Netherlands. French
assets are underpriced by 1.98% pa, and Dutch assets are overpriced by 1.02% pa.
The RMSE are somewhat smaller and the reduction is of the order of 0.17% pa.

The adjusted R-squares are larger than in the previous models in eight countries
with the increase being more pronounced in Canada, Switzerland, and to a lesser
extent in Germany and the United States. A slight decrease in the adjusted R-squares
is observed in the Netherlands, and the UK. As expected, Hansen'’s test cannot reject
the model.

Overall, it appears that a model which includes both exchange rate and inflation
risk factors can price international equities better than the restricted models exam-
ined. Explicit hypotheses tests on the relative performance of the three models are
provided in the Section 4.4.2.

4.4. Diagnostics

4.4.1. The equality of risk premiums across countries

Recall that the S-S and AD models assume that PPP does not hold. When PPP
does not hold, capital markets may be partially segmented, and therefore, investors
in different countries may require different risk premiums for bearing the same risk.
Capital markets can exhibit partial segmentation, that is, segmentation which does
not arise from the presence of explicit frictions in the markets, such as restrictions
to ownership, when certain sources of risk are not perfectly hedgeable. Note that in
the case of the S-S model, capital markatge not partially segmented because
exchange rate risk can be perfectly hedéfebh that sense, exchange rate risk pre-

12 For a discussion of this point, see Section VII in the Adler and Dumas (1983) paper, and their
footnote 86, in particular.
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miums in the S-S model do not need to vary across countries. In contrast to the S-
S and AD models, the GLS model assumes that PPP holds, and therefore, it implies
that capital markets are perfectly integrated and that risk premiums are equal
across countries.

The hypothesis of equality of risk premiums across countries is formally tested
in this section by computing the Newey—We3sistatistic. This involves two steps.

We first estimate each model allowing the risk premiums to vary across countries,
and save the final weighting matrix. We then use this weighting matrix to re-estimate
the model under the restriction of equality of risk premiums across countries. The
difference of the minimized objective functions from the two estimatiorng’ idis-
tributed with degrees of freedom equal to the number of restrictions that the restricted
model imposes on the unrestricted one.

The results from the above test are reported in Table 7, Panel A. For all three
models, theP-value of the Newey—West test is small enough to lead us to reject the
hypothesis of equality of risk premiums across countries at any conventional level
of significance. Testing for the hypothesis of equality of risk premiums across coun-

Table 7
Diagnostic3

GLS model S-S model AD model

Panel A: Equality of risk premiums across countries

Unrestricted model x*(50)=54.51 x%(60)=43.9 x%(30)=35.65
P-value: 0.30 P-value: 0.94 P-value: 0.22

Restricted model x%(77=105.68 x%(78)=92.81 x*(75)-88.67
P-value: 0.0167 P-value: 0.12 P-value: 0.13

Newey—WesD-test x%(2751.17 x%(18)=48.91 x%(25)=53.02
P-value: 0.003 P-value: 0.0001 P-value: 0.0009

Panel B: Relative performance of the three models

Unrestricted model x*(30)=35.65
P-value: 0.22
Restricted model x*(60)=79.75 x*(50)=71.43
P-value: 0.045 P-value: 0.02
Newey—WesD-test x*(30=44.10 x*(3)=35.78
P-value: 0.047 P-value: 0.016

a Panel A tests the hypothesis of equality of risk premiums across countries using the three alternative
models. For each model, the row labeled “unrestricted model” reports the results from Hahsest's
from estimation of the model with country-specific risk premiums. The row labeled “restricted model”
reports the results from estimating the model under the restriction of equality of risk premiums across
countries. This estimation uses the final weighting matrix from the estimation of the unrestricted model.
The row labeled “Newey—WedD-test” reports the chi-square test for the difference of the minimized
objective function from the two estimations. Panel B tests the relative performance of the three models.
The unrestricted model in this case is the AD model with country-specific risk premiums. The unrestricted
models are the GLS and S-S models with country-specific risk premiums. All tests are performed using
the 80 equations systems.
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tries is one of the two possible ways to discriminate empirically among the three
models. Our result suggests that world capital markets are less than perfectly inte-
grated, and leads to the rejection of the S-S and GLS models. The second way to
discriminate empirically among the three models is presented below.

4.4.2. The relative performance of the three models

Panel B of Table 7 reports the results from Newey—\Weg4gests on the relative
performance of the three models when they are used to estimate country-specific
risk premiums. It is important to compare the performance of the three models
allowing the risk premiums to vary across countries since the evidence in Section
4.4.1 suggests that capital markets may be partially segmented. To compute the stat-
istic in this case, we re-estimate the S-S and GLS models using the weighting matrix
from the estimation of the AD model. This is possible, since models S-S and GLS
models are nested with the AD model. The compulestatistic rejects at the 5%
level the GLS and the S-S models in favor of the AD model. This implies that
although exchange rate and inflation risk factors are correlated, their simultaneous
presence in the AD model improves in statistical terms the performance of the restric-
ted models. In other words, the inflation risk factors contain, on average across coun-
tries, useful information for the pricing of equities beyond the information contained
in the exchange rate risk factors.

4.4.3. The beta coefficients

Figs. 1-5 provide a graphical representation of the statistical properties of the beta
coefficients from the estimation of the AD model. On the upper part of the graph,
we depict the individual beta coefficient estimates for the eight portfolios of each
country,* one standard error. This part of the graph illustrates the amount of within-
country variation in betas, in relation to their standard errors. On the lower part, we
graph the average beta value in each country. This shows the cross-country variation
in betas. Summary statistics on all beta coefficients estimated from the three models
are reported in Table 8.

Both the Figures and the statistics in Table 8 suggest that the cross-country disper-
sion of beta coefficients is larger than their average cross-sectional dispersion. This
is especially the case for the exchange rate and inflation betas. World market betas
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Fig. 1. World market betas. The coefficients are from the estimation of model (18). The upper part of
the graph depicts the individual beta coefficient for each of the 80 portfati@sie standard error. The
lower part of the graph reports the average beta value in each country.
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Fig. 2. Common component exchange rate betas. The coefficients are from the estimation of model
(18). The upper part of the graph depicts the individual beta coefficient for each of the 80 portfolios,
one standard error. The lower part of the graph reports the average beta value in each country.
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Fig. 3. Residual component exchange rate betas. The coefficients are from the estimation of model (18).
The upper part of the graph depicts the individual beta coefficient for each of the 80 portiohos,
standard error. The lower part of the graph reports the average beta value in each country.
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Fig. 4. US unanticipated inflation betas. The coefficients are from the estimation of model (18). The
upper part of the graph depicts the individual beta coefficient for each of the 80 portiobog, standard
error. The lower part of the graph reports the average beta value in each country.

tend to possess substantial cross-sectional dispersion, and they are estimated with
smaller standard errors. Residual component exchange rate betas are more noisy than
common component exchange rate betas, but they exhibit larger within-country and
cross-country variation. Similarly, US inflation betas are more noisy than residual
world inflation betas, but they also possess larger within-country and cross-country
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Fig. 5. World unanticipated inflation betas. The coefficients are from the estimation of model (18). The
upper part of the graph depicts the individual beta coefficient for each of the 80 portfobog, standard
error. The lower part of the graph reports the average beta value in each country.

Table 8
Summary statistics on beta coefficient estintates

Average Average Average cross-

Beta coefficient coefficient  standard Average sectional C?ross-cpuntry
t-value . . dispersion
value error dispersion

The Solnik-Sercu modeR=yo(1—B¥)+BERM+y BBty BitBidi+Ci
i 0.751 0.162 5.030 0.139 0.199
B 0.414 0.247 1.977 0.152 0.659
pBe 1.197 1.401 0.804 0.680 1.904
The Grauer, Litzenberger, and Stehle mod&l=y,(1— ) +BERM+y BitBli + Wi
i 0.847 0.147 6.176 0.125 0.166

i 0.112 1.359 0.125 0.765 1.08
The Adler and Dumas modeR.=yo(1—Bi)+BER+yBe+Bie+y BitBidcty' BBty BeHBivitEin
i 0.739 0.164 4.869 0.136 0.197
B 0.572 0.744 0.914 0.382 1.214
Be 1.587 1.502 1.015 0.809 2.060
p —0.869 1.321 —0.689 0.847 1.322
B —0.091 0.386 -0.314 0.217 0.452

a The summary statistics for the beta coefficients are from the 80 equations systems. World betas are
denoted by3", common component exchange rate betaghyresidual component exchange rate betas
by %, US unanticipated inflation betas i}, and finally, residual (to the US unanticipated inflation)
world inflation betas by3". The “average coefficient value” is the average value of the beta coefficient
across the 80 portfolios. Average standard errorstaradues across the 80 portfolios are reported in the
columns labeled “average standard error”, and “avetagdue”. To calculate the “average cross-sectional
dispersion”, we calculate the standard deviation for the beta coefficient across the eight portfolios of each
country, and we report the average standard deviation across the 10 countries. The “cross-country disper-
sion” refers to the standard deviation of the beta coefficients across the 80 portfolios.
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variation. It appears that the estimation of country-specific exchange rate and foreign
inflation risk premiums in this study was possible due to the substantial within-
country variation in the residual component exchange rate betas and the US inflation
betas. The construction of the residual component exchange rate index for testing
the presence of exchange rate risk premiums in international equities and the use of
US inflation as a proxy of foreign inflation risk premiums constitute contributions
of this study.

4.4.4. Tests of survivorship bias

In Section 3.1 we noted that all individual security returns used in the construction
of our portfolios have a continuous record for the whole time-period covered by our
study. It is therefore possible that our results regarding the pricing of exchange rate
and foreign inflation risk in equities suffer from survivorship bias.

We test for this possibility in the following way. We perform cross-country tests
for the pricing of exchange rate and foreign inflation risk using two alternative data-
bases. Our first set of tests use the 80 portfolios constructed in this study. The second
set of tests uses MSCI country indexésCross-country tests estimate the average
magnitude and significance of exchange rate and foreign inflation risk premiums
across countries. The pricing of exchange rate and foreign inflation risk across coun-
tries has been documented in previous studies. Our aim here is to use these tests in
order to evaluate the possible effect that the survivorship bias in our data may have
on our country-specific estimates of exchange rate and foreign inflation risk pre-
miums.

Table 9 presents the results. It is interesting to note that independently of whether
exchange rate and foreign inflation risk premiums are estimated using as left-hand-
side variables the 80 portfolios or the 10 MSCI indexes, the magnitude of the risk
premiums are remarkably similar in the two estimations. This reveals that the cross-
country estimates of exchange rate and inflation risk premiums using the 80 port-
folios do not suffer in any significant manner from the survivorship bias present in
our individual security returns. It is therefore unlikely that the estimates of within-
country exchange rate and foreign inflation risk premiums are subject to survivor-
ship biases.

Table 9 also reports the ME and RMSE for all models and for both estimations.
The difference in their magnitudes between estimations is very small. In all cases,
the ME and RMSE from estimations that use the MSCI indexes are smaller than
those from estimations that use the 80 portfolios. This is not surprising since in tests
that use the 10 MSCI indexes, the model needs to explain only the cross-country
differences in returns and not also their within-country differences. Finally, the
adjusted R-squares and Hansen'’s tests reveal similar information about the models

13 It is worthwhile to mention that the constituents of the MSCI indexes are not necessarily the same
securities used for the construction of the eighty portfolios. Furthermore, membership of securities in the
MSCI indexes is updated semi-annually, and therefore, the MSCI indexes are free from survivorship bias.
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independently of whether they are estimated using the MSCI indexes or the 80 port-
folios.

4.4.5. The robustness of the risk premiums estimates

Recall that each of the three models is estimated in a system of eighty equations
which may raise concerns regarding the small sample properties of our estimator.
For instance, the results reported in Table 4 involve the estimation of
(80x79)/2=3,160 variance-covariance terms plus 270 parameters, a total of 3,430
moments. With 8,640 total observations in the system, the ratio of observations per
moment is 2.5 which may be considered I&w.

We provide additional estimations of country-specific exchange rate and inflation
risk premiums in Table 10. In these tests, we estimate the risk premiums for each
country separately. The restriction imposed by these tests compared to those reported
in Tables 4-6 is that the covariance matrix of residuals across countries is zero. This
restriction holds under the null hypothesis that each model is true. By imposing this
restriction, we can estimate each model country by country in systems of eight equa-
tions. The only shortcoming of this restriction is that we can no longer test the
hypothesis of equality of risk premiums across countries. For this test, we continue
to rely on the estimations from the 80 equation systems.

The ratios of observations per moment increase now to 18.8 for the GLS model,
15.7 for the S-S model, and 11.8 for the AD model. Although these significant
increases in the ratios, compared to those for Tables 4-6, may not eliminate com-
pletely any small-sample biases that can potentially exist in our results, they relieve
them greatly. In addition, it is possible that the efficiency of the Newey—West esti-
mator in the tests of Tables 4-6 is low as result of the size of the systems. This
may be the case despite the fact that the Newey—West estimator is always positive
definite. To account for this possibility, we also report, in square bracketdues
from nonlinear least squares standard errors.

Table 10 reveals that our results remain qualitatively the same with those of Tables
4-6, when the risk premiums are estimated for each country separately. Exchange
rate and inflation risk is again priced in the same countries as before. Exceptions
are found in the case of Japan, where the common component exchange rate risk
premium is not priced anymore, as is the case for the inflation risk premium in the
GLS model for Japan. Furthermore, the common component exchange rate risk pre-
mium in Switzerland is now positive. Finally, in Italy the residual component
exchange rate risk premium is now priced, whereas the common component
exchange rate risk premium is priced only marginally. Given that we estimate 70
risk premiums in total, such few differences between alternative estimations are to
be expected and do not affect the economic interpretation of the results of this study.
It is also interesting to note that our inference regarding the pricing of exchange rate

14 Similarly, the ratio of observations per moment for Tables 5 and 6 are 8,6402.84@nd
8,640/3,6162.4, respectively.
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Table 10
Estimation of the S-S, GLS and AD models: individual-country fests
Country/model y, Y ye Y bl Jr*
Australia
S-S 0.0214 0.0727 0.0016 x?(5)=0.81
(0.56) (1.43) (0.19) P-value: 0.97
[0.52] [0.83] [0.16]
GLS —0.0106 0.0141 x?(6)=6.29
(—2.08) (3.31) P-value: 0.39
[-2.25] [2.98]
AD 0.0140 0.0707 —0.0011 0.0271 0.0113 x?(12)=0.43
(0.29) (0.43) ¢0.06) (0.28) (0.37) P-value: 0.99
[0.28] [0.41] [-0.06] [0.25] [0.35]
Canada
S-S 0.0022  —0.0040 0.0024 x?(5)=2.70
(0.50) (=0.20) (1.06) P-value: 0.74
[0.53] [-0.24] [1.03]
GLS —0.0014 0.0044 x?(6)=7.43
(—0.73) (3.37) P-value: 0.28
[-0.75] [3.33]
AD —0.0307 —0.0278 0.0233 0.0243 —0.0018 x?(12)}=1.43
(—0.25) (-0.21) (0.31) (0.33) €0.02) P-value: 0.99
[-0.19] [-0.16] [0.22] [0.23] [-0.01]
France
S-S 0.0011  —0.0151 —0.038 x%(8)=2.99
(0.16) (-0.31) (=0.33) P-value: 0.70
[0.15] [-0.32] [=0.30]
GLS 0.0011 0.0127 x°(6)=2.97
(0.12) (5.57) P-value: 0.81
[0.13] [3.56]
AD 0.0031 0.0051 0.0063 0.0112 -0.0094 x*(12F1.72
(0.38) (0.49) (1.5) (6.33) £0.43) P-value: 0.99
[0.25] [0.37] [0.54] [2.43] [-0.40]
Germany
S-S 0.0095 0.0014 0.0063 x*(5)=5.16
(3.43) 0.3) (4.31) P-value: 0.39
[2.15] [0.33] [3.65]
GLS 0.0055 0.0056 x°(6)=6.31
(2.25) (4.73) P-value: 0.39
[2.10] [4.39]
AD 0.0146 —0.0131 0.0029 0.0004 —0.0403 x*(12)=0.82
(1.48) (=0.73) (0.55) (0.08) €0.98) P-value: 0.99
[1.20] [-0.67] [0.56] [0.07] [~0.90]
Japan
S-S 0.0144  —-0.0118 0.0111 x?(5)=0.818
(1.76) (=0.79) (2.73) P-value: 0.97
[1.78] [-0.97] [2.52]
GLS 0.0087 —0.0047 x?(6)=6.18
(2.07) (+=0.41) P-value: 0.40
[0.98] [-0.43]

(continued on next page)
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Table 10 ¢ontinued

Country/model 1y, v ye Y Al Jr*
AD 0.0146 —0.0115 0.0107 0.003  —0.0105 x?(12)=0.46
(0.83) (-0.59) (1.59) 0.3) €0.26) P-value: 0.99
[0.81] [-0.73] [1.76] [0.28] ¢0.22)
Switzerland
S-S 0.0023 0.0148 0.0025 x°(5)=8.62
(0.31) (2.19) (0.77) P-value: 0.13
[0.12] [3.22] [1.60]
GLS —0.0063 0.0305 x?(6)=8.05
(—1.55) (2.05) P-value: 0.23
[-1.45] [1.97]
AD —0.0004 —0.0062 0.0093 —0.0634 —0.0181 y*(12)F4.41
(—0.03) (-0.35) (2.08) ¢0.77) (—1.48) P-value: 0.97
[-0.25] [-0.33] [1.99] [-0.75] [-1.37]
Italy
S-S —0.0024 0.0157 0.0086 x?(5)=2.77
(—0.48) (1.95) (6.14) P-value: 0.73
[—0.54] [1.69] [4.37]
GLS —0.0007 0.0053 x?(6)=2.94
(—0.16) (5.42) P-value: 0.81
[-0.22] [4.62]
AD —0.0131 —0.0293 0.007 0.0122 0.0178 x*(12)1.20
(—0.38) (-0.34) (1.26) (0.84) (0.61)  P-value: 0.99
[-0.34] [-0.33] [1.15] [0.79] [0.59]
Netherlands
S-S 0.0045 0.0093 0.0092 x?(5)=3.23
(2.53) (2.18) (10.86) P-value: 0.66
[1.40] [2.00] [6.57]
GLS 0.0059 0.006 x°(6)=2.48
(2.65) (8.38) P-value: 0.87
[1.84] [5.31]
AD 0.0088 0.0106 0.0021 0.0166 0.0023 x*(12)=0.94
(0.61) (0.87) (0.17) (1.06) (0.07)  P-value: 0.99
[0.48] [0.15] [0.62] [0.86] [0.07]
UK
S-S —0.025 0.0143 0.0314 x?(5)=0.34
(—0.46) (0.44) (0.6) P-value: 0.99
[—0.46] [0.55] [0.57]
GLS —0.0024 0.015 x?(6)=8.72
(—1.04) 2.7) P-value: 0.19
[-0.95] [1.65]
AD —0.0251 0.0157 0.0317 0.0751 —0.0059 x?(12)=0.33
(=0.31) 0.1) (0.39) (0.41) £0.02) P-value: 0.99
[-0.29] [0.09] [0.33] [0.31] [0.02]
USA
S-S —0.0018 0.0045 0.0051 x%(5)=3.99
(—0.65) (0.57) (3.96) P-value: 0.55
[-0.68] [0.61] [3.88]
GLS —0.0015 0.005 x?(6)=3.19
(—0.84) (4.74) P-value: 0.78
[—0.90] [5.10]

(continued on next page)
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Table 10 ¢ontinued

Country/model 1y, v ye Y Al Jr*

AD 0.0009 0.0147 0.0068 0.0045 0.0206 y*(12)=2.67
(0.28) (1.71) (4.59) (3.73) (1.33)  P-value: 0.99
[0.27] [1.46] [4.03] [3.55] [1.11]

a This table presents single-country tests of the S-S, GLS and AD models. Exchange rate and inflation
risk premiums are estimated for each country separately in systems of eight equations. The tests are
conducted in US$ terms. The data span the period from 1973:01-1990:12. The coeffigigntslenote
risk premiums with respect to the residual and common components of changes in the exchange rates,
and y', y", denote risk premiums with respect to the US unanticipated inflation rate, and the residual
world unanticipated inflation rate. If the model is true, thgr0. Only even observations for the period
1973:01-1990:12 are used, i.e. 108 observations in total, since odd observations were previously used
for the construction of portfolios. Correctaeralues for heteroskedasticity and serial correlation appear
in parentheses below the coefficient estimates. The numbers in square bracketst-dahate for the
same coefficients calculated, however, using nonlinear least squares standard errors.

*Hansen’'s GMM test.

and inflation risk is the same whether it is carried out on the basis of nonlinear least
squares or Newey—West standard errors.

5. Conclusions

This paper examined the ability of exchange rate and foreign inflation risk factors
to explain the within-country differences in average returns. The hypotheses tested
were motivated by three international asset pricing models, namely the Solnik
(1974b) model as revised by Sercu (1980), the Grauer et al. (1976) model, and the
Adler and Dumas (1983) model. Our results suggest that exchange rate and foreign
inflation risks are generally priced in the equity returns of the 10 countries in our sam-
ple.

We decomposed changes in a cross-section of exchange rates into a component
which is common across exchange rates, and a residual component. Based on this
decomposition, we estimated exchange rate risk premiums and found that in several
countries the exchange rate risk premium is at least partly attached to the residual
component of changes in exchange rates. The pricing of the residual component of
exchange rates has not been previously examined in the literature. Our results suggest
that it has important implications for the pricing and hedging of exchange rate risk.

Following the implications of the Grauer, Litzenberger, and Stehle model, we
tested whether US inflation risk is priced in the cross-section of equity returns of
all 10 countries. We found that US inflation risk is indeed priced in all countries.
This result constitutes the second contribution of the paper and it is contrary to the
popular belief that only domestic inflation may be priced in the equities of a given
country. It implies that home bias in US portfolios cannot be the result of investors’
efforts to hedge US inflation.
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