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NON-TECHNICAL SUMMARY

As markets become more globalized and barriers to international investments
are eliminated, investors allocate an increasing proportion of their portfolios to
foreign equities. As a result, their portfolio returns are affected by international
factors. To manage the risk of such portfolios, investors need to know the
factors that explain the cross-sectional and cross-country variation in global
equity returns.

The purpose of this Paper is to study empirically whether factors such as
exchange rates and foreign inflation rates affect international equity returns in
a significant matter. Using a large cross-section of individual security returns
from ten developed countries, it quantifies exchange rate and foreign inflation
risk premiums in each country, and tests whether these premiums are equal
across countries.

The results show that both exchange rate and foreign inflation risks are priced.
The empirical procedures employed reveal new aspects of these sources of
risk which have important implications for the management of international
portfolios.

The result that exchange rate risk is priced has important implications for
hedging exchange rate risk in international portfolios. If exchange rate risk
receives a zero risk premium in equity returns, then hedging it is costless in
the sense that it does not affect the expected return of stocks. However, if
exchange rate risk is priced, then hedging affects the expected return of
equities and therefore decisions about hedging policies become more
complicated.

The finding that foreign inflation risk is priced is important for the literature of
home bias. Many studies have documented that equity portfolios tend to be
biased towards holdings of domestic equity. Some researchers have attributed
this phenomenon to the investors’ efforts to hedge domestic inflation risk. This
hypothesis is inconsistent with the results of this study which show that US
inflation risk is priced in the equity returns of all ten countries.

Our tests also reveal that the size of exchange rate and foreign inflation risk
premiums are not equal across countries. This means that the world capital
markets are less than perfectly integrated. It also implies that investors
residing in different countries who use different reference currencies and
calculate real returns using different inflation rates will also receive different
real returns from identical investments.



All tests performed in this study are motivated by the empirical implications of
three international asset-pricing models. These are the Adler and Dumas
(1983) model, the Solnik (1974b) model as revised by Sercu (1980), and the
Grauer, Litzenberger and Stehle (1976) model.



1. Introduction

The benefits of internationd divergfication are known for many decades, but it is only recently thet investors
have garted dlocating a sgnificant portion of their portfolio holdingsin foreign equities. To manage the risk
of international portfolios, investors need to know the factors that explain the cross-sectional and cross-

country varigion in globa equity returns.

Severd sudies have documented that the world market factor is an important determinant of asset returns
(see, eg., Solnik 1974a, Stehle 1977, Jorion and Schwartz 1986, Korgjczyk and Vidlet 1989, and Harvey
1991). There is ds0 evidence that exchange rate and world inflation risk factors can explain part of the
cross-country differencesin the returns of equities (see, for inslance, Dumas and Solnik (1995), and Ferson
and Harvey (1994) among others). However, there is ill no sufficient evidence to suggest that exchange
rate and world inflation factors can dso explain the within-country cross-sectiond differencesin returns. Our
study contributes to this literature by testing for the presence of exchange rate and foreign inflation risk

premiumsin the cross-section of equity returns using individual security data from ten developed markets?

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

average returns.

% Note that Jorion (1991) tested for the pricing of exchange raterisk in US equities and found that it is not
priced. Furthermore, Chen, Roll, and Ross (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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To test for the pricing of exchange rate risk, we combine information for a cross-section of exchange rates
into two indexes. Thefirg one, the common component index, combines information that is common to dl
exchange rates, whereas the second, the resdua component index, captures fluctuations that are specific
to the individuad exchange rates. Our procedure has the advantage of reducing the dimensondity of
exchange rates wheress a the same time it results in the incluson of more information about changes in
exchange rates in our tests than the sngle index approach adopted in previous studies. Our results reved
thet at least part of the exchange rate risk premium in equities is attached to the residua components of
exchange rates which were overlooked in previous sudies. These components have important implications

for the pricing and hedging of exchange rate risk.

Both the Grauer, Litzenberger, and Stehle modd and the Adler and Dumas mode suggest that inflation risk
is priced. However, the testable implications of the two modd s are different. The Adler and Dumas model
suggests the presence of as many inflation risk premiums in equities as there are countries. In contrat, the
Grauer, Litzenberger, and Stehle modd suggests that equities carry asingle risk premium with respect to
inflation. This is a result of their assumption that the Purchasing Power Parity holds, and therefore dl
stochadtic inflation rates collgpse to a Sngle one when they are expressed in terms of the same reference
currency. To test the implications of the two modes and discriminate them empiricdly, we test for the
number of inflation risk premiums present in equity returns. In particular, we test whether US inflation is
priced in al ten countries and whether, in its presence, additiona inflation rates earn arisk premium. We
find that USinflation risk ispriced in dl countries of our sample. Thisisinteresting Snceit impliesthat home

biasin US portfolios cannot be the result of US investors efforts to hedge domedtic inflation. Findly, world



inflation risk, orthogond to US inflation risk, does not gopear to carry addidicdly sgnificant risk premium

when US inflation uncertainty and exchange rate uncertainty is teken into account.

Theres of the study is organized asfollows. Section 1 outlines the three internationa asset pricing models
which motivate our tests and lays out our econometric gpproach. Section 2 describes the data and the
portfolio construction methodology. Section 3 discusses the empirical results. We conclude in Section 4

with asummary.

1. Methodology

1.1 The three international CAPMs

In the internationd CAPM modds of Adler and Dumeas (1983), Solnik (1974b), Sercu (1980), and Grauer,
Litzenberger, and Stehle (1976), expected excess returns of risky assets are linear functions not only of thelr

betas with respect to the world market portfolio, but aso with exchange rate or inflation risk factors.

The Adler and Dumas (AD) modd assumes that investors of the L+ 1 countries have potentidly different
consumption preferences, and hence they measure inflation by different price indexes. Assume there are N
risky assets of which the first n=N-L are stock securities, and the remaining L are nomina bank deposits
denominated in the L currencies. These L deposits are nomindly risky when they are expressed in terms
of the reference currency. Apart from the fact that they accumulate interest, their prices are essentidly the

exchange rates vis-a-vis the reference currency. The N+1st security is abank deposit denominated in units



of the reference currency and is ingantaneoudy nomindly riskless. In equilibrium, investors hold a
combingtion of the world market portfolio, and an inflation hedge portfolio which hedges againgt the inflation
risk of their country. We define dl returns to be excess returns. Then the pricing rdation of the Adler and

Dumas modd can be gtated as follows:

L+1

(1) E(R)=g,+ A o bl +g" by
=1

where

E( Ry )isthe expected excess (over the risk-free interest rate) log return (per period) of asset k;

g/ isthe expected excess return (risk premium) of a portfolio whichis as highly correlated as possible with
the inflation rate in country [;

b}, isthe regression beta of asset k with theinflation rate of country |;

g" isthe expected excess return (risk premium) of the world market portfolio; and

b, is the regression beta of the return of asset k with the return on the world market portfolio;

The AD modd implies thetg, = 0 and thatg’ = E(j,)- g,,andg" = E(R")-g,,where j, denotes the
inflation rate of country |, and R" the return on the world market portfolio. If g, * O, then aBlack (1972)-

type of version of the AD model should be correct.® In that case, the return on the zero-beta portfolio

should be equal to the risk-free rate plus g, .

3 See Jorion and Schwartz (1986) for asimilar argument.
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Solnik (1974), and the revised verson of hismodd asit gopearsin Sercu (1980), the S-S modd aswe will
cdl it, assumes that the inflation rate of country | expressed in its home currency, is zero or nonstochastic.
Asareault, the L+ 1 inflation hedge funds of the Adler and Dumas modd collgpseto L exchange rate hedge

funds, and the pricing rlation of the Solnik modd becomes:

L
@) E(R)=9g,* 8 9 b,+g"by
=1

where

g,f = E(r")-g, isthe expected excess return (risk premium) of a portfolio which is perfectly correlated
with the return of bond | expressed in the reference currency, 1", (i.e,, the exchange rate between currency
| and the reference currency L+ 1); and

b, isthe regression beta of the return on asset k with the return on the exchange rate between currendies

| and L+1.

Findly, the Grauer, Litzenberger, and Stehle (GLS) modd, which is the mogt redtrictive of the three
gpecificaions, assumesthat inflation is stochagtic, but Purchasing Power Parity (PPP) holds. Under these

3 E(R)=0,+F bl+g"b"," I=n+1..N+1

assumptions, it is easy to show that the Adler and Dumas model collapsesto:

The AD, S-S, and GLS models assume that the first and second moments of security returns are constant.
Under this assumption, conditiond and unconditional moments are identica, and hence, the investment



opportunity set is congant. We will test for the pricing of exchange rate and foreign inflation risk, asimplied
by these moddl's, using unconditiona moments.
1.2. Econometric Approach

The modds described in (1), (2), and (3) dlow usto test for the pricing of exchange rate and inflation risk,
but not for their relative importance. To test the latter hypothess, we Anestil the three models into one
specification. To do that, we overparameterize the AD modd in the following manner:

L+1 L
(4) E(R)=0,* 8 g bi+ § 9 b, +g"by
=1 =1
Inwheat follows, we use as our base the S-S and GL S mode s to estimate exchange rate and foreign inflation
risk premiums, and modd (4) to evaduate their relative importance in the pricing of equities. We will
continue to refer to relation (4) as the AD mode. Note, however, that this is strictly correct only if the
inflation termsin (4) are stated in locd currency rather than the reference currency L+ 1.

1.2.1. The Reduction of dimensionality in the L exchange rates variables

Because exchange rates tend to move together to a large extent, the incluson of changes of severd
exchange rates in the same regresson model crestes severe multicollinearity problems. In addition, to test
effectively for the pricing of exchange rate risk, one needs to include changes in alarge number of exchange
rates which can result in the esimation of alarge number of risk premiums a the expense of efficiency. The
purpose of this section is to propose and lay out a methodology which will address both issues by
smultaneoudy 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, eg., Jorion
1991; Ferson and Harvey, 1994), or changesin asmall number of exchange rates (e.g., Dumas, and Salnik
1995).



In this paper, we indude information on nine exchanges rates (those implied by the ten countriesin our deta
sample) combined in two indexes. One, the common component index, measures movements which tend
to be common across al exchange rates. The second index, caled the residual exchange rate index,

aggregates the fluctuations which are specific to the individud exchange rates. This procedure has three
advantages firg, it resolves the multicollinearity problem, second it reduces the dimensondity of exchange
rates, and third, as it is shown beow, it results in the incluson of more information about changes in
exchange rates than the sngle index method.

Smilarly to previous studies, we work with changes rather than levelsin 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 remaining L-1 exchange rates through the following regression:

(5) rjft:d0j+ é dljr|ft+ejt
1EIELI_j
whereE(e; )= 0;cov(r,e;)=0," LEI £ L.Theresduds e; of the changesin the j exchange rate
represent the component of r | that is not explained by the changesin the remaining exchange rates, i.e,
the residual component of r | . Thecommon (or systematic) component of the L exchangerates, k ; ,is

defined asfollows:

(6) kKi= rjft'doj'ejt

% Thereis 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.



We furthermore define the deviation of the common component of the L exchange rates from its mean as
h,=k;-k; where k; denotesthe samplemean of k ;. By congtruction, E(h,)=0; cov(e;, h,,)=0.
Up to this point, thereis no loss of information from the decomposition presented. Each exchangerate is

amply alinear combination of its common and idiosyncratic component. We then congtruct two equaly
welghted indexes corresponding to the sets of resduals obtained from (5) and (6):

16
(7) a=fa Eit
=1
and,
1 L
(8) | tzté th

1
[y

The varidble, g, is the average resdua component of changes in al L exchange rates, whereas
| , describes the average common component shared by changesin the same exchangerates. The creetion
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 givesrise to some loss of information. We evauate below the information
contained in the two indexes, aswdll as the information log.

[ TABLE 1 APPROXIMATELY HERE]

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 sudy. Pand A presents
corrdaion coefficients. The corrdation of | , with the equaly weighted index is 0.991 which means thet the
common component index is virtudly identicd to the equaly weighted index of dl exchange raes.
Furthermore, the resdua component index has a corrdaion of 0.228 with the common component index
and a corrdation of 0.355 with the equally weighted index of changesin al exchange rates. In Pand B of

® For adescription of the data, see Section 3.1.



Table 1 we report the adjusted R-squares from OLS regressions of changes in exchange rates on the
congructed indexes. It is interesting to note that the common and residua component indexes can jointly
explain alarger proportion of the variation in exchange rates than the equaly weighted index. Although there
isawaysloss of information by grouping exchange rates into indexes, this loss is smaler when exchange
rates are grouped into two indexes with the method proposed here rather than in a Sngle index. The
additiond information about changes in exchange rates contained in the resdua 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 sngle index gpproach. Thisisimportant Snce Jorion (1991), for instance, who used
the single index gpproach to test for the pricing of exchange rate risk, failed to rgect the hypothess that

changes in exchange rates receive a zero risk premium.

Findly, it isworthwhile to mention that in aprincipal component andys's, not presented here, the firdt factor
was effectively an equaly weighted average of the changesin dl exchange rates, wheress severd of the
other factors could be interpreted as the resdua components from the above decompaosition. One may
therefore understand the common component index as representing the firgt factor from the principa
component andyss, and the residua component index as a combination of the rest.

1.2.2. Testing for the pricing of foreign inflation risk

Recdl thet the GLS modd suggests the presence of asingle inflation risk premium in equity returns whereas
the AD modd specifies that the inflation uncertainty of al countries should be priced. To empiricaly
discriminate the two modes we need to test for the number of inflation risk premiums contained in
internationd equities The GLS mode provides no guidance as of which inflation rate should be priced. This
isbecausein the GLS modd PPP holds, and al country inflation rates collgpse to asingle inflation rete when

expressed in terms of the same reference currency.

Given the prominence of the United States in the world economy and the internationd capitd markets, and
the fact that the US doallar is the reference currency of this study, we choose to test whether US inflation



uncertainty is priced in the equity returns of al countries in our sample. This hypothes's corresponds to
testing the GLS modd!. In order to empiricdly digtinguish the AD modd from the GLS modd, we aso test
whether inflation uncertainty which is unrdated to US inflation is dso priced in internationd equiity returns.
If both null hypotheses of zero inflation risk premiums are rgjected, we can rgect the GLS modd in favor
of the AD modd. If, however, we only rgect the first hypothesis, we can conclude that the empirica
predictions of the AD mode do not dominate those of the GLS modd °. Findly, if we only reect the
second hypothesis then we can again rgect the GLS model in favor the AD modd, snceits prediction that
agngleinflation rate is priced would not be empiricaly supported.

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

dollars’
L
9) it = é frin
I=1
where:

i, denotes the inflation rate of country |, where I=1,...L. The L+1% inflation rate is the US (reference

currency) inflation rate;

® Note that we cannot formally reject the AD model sinceit isthe most general specification examined in this
study.

"The wei ghting scheme employed is motivated by the AD 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
CE(R)=9"b+d & w by
|

=1
where\\f denotes the wealth of country I, and g° istheworld inflation risk premium. Notethat theinflation risk premium

of country |, ¢ inequations (1), (3), and (4) of this study is related to g” in the following manner: = & w, . This

implies that the world inflation index needs to be weighted in such away 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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f isaGDP weight that amsto proxy nationa weath weights and is updated on ayearly basis; and,

i? denotes world inflation.

To the extent that inflation processes across countries are not independent, the index of world inflation can
be corrdated with the US inflation. Since we are interested in the pricing of world inflation risk which is
resdud to the US inflation risk, we render the two series orthogond to each other through the following
projection:

(10) it = Not NyiLsac t L

where:

u, denotes the resdud world inflation orthogond to the US inflation. It follows agan

that E(j 1) = E(u )= COV(iLs,u, )= 0.

Given that the modds are tested usng unconditiond moments, the varigblesin (9) and (10) should represent
levels of inflation rates rather than their innovations (unexpected inflation). Note, however, that inflation
series are nonstationary?, and therefore, regressions of equity returns on inflation levels would be
unbalanced. To avoid this problem, wefilter theinflation seriesusng an ARIMA(0,1,1) modd and usein
our tests the innovations which represent unexpected inflatior?. Therefore, in the rest of the paper, the
vaiablesin rdations (9) and (10) should be understood as denoting innovations rather than levels of inflation
rates®.

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

®The ARI MA(0,1,1) model iswidely used for inflation forecasting. For evidence on the comparative
performance of the model see Famaand Gibbons (1984).

10 Recall that the use of inflation innovationsin our testsis not inconsistent with the way we treat returns

on the world market portfolio and changesin exchange rates. As noted earlier, under the random walk hypothesis,
both the returns on the world market portfolio and changesin exchange rates represent innovations.
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1.3. The econometric specification of the three competing models

Based on the data transformations performed in Section 1.2.1, the changesin the L exchange rates that
appear in the S'Smodel can be subdtituted by the common and residua component indexes of exchange

L
(12) a9 b,=dgb;+d b,
1=1

rates. In other words, we will assume that

where
g’ isthe excess resdual component index of changesin exchange rates. It represents the exchange rate risk
premium with respect to the resdua component index;

b; isthe regression beta of the return on asset k with the residual component index;

g isthe excess common component index of changes in exchange rates, and it is the risk premium with
respect to the common component index of changesin the L exchange rates, and

b'k is the regresson beta of the return on asset k with the common component index.
If we subgtitute the above relaion in (2) the S-S modd becomes:
(12) E(R)=9g,+d°b;+d b, +g"b}

Inasmilar manner, we assume thet the L+ 1 inflation ratesin the AD model can be well gpproximated by
the innovations in the US inflation and the index of residud world inflation. In particular, we assume that

L+1

(13 adgbi=gb,+gb
=1
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where:

d isthe US unanticipated inflation rate in excess of the risk free rate, and denotes the US unanticipated
inflation risk premium;

b, is the regression beta of the return of asset k with the US unanticipated inflation rate.

g’ istheresdud world inflation rate in excess of the risk-free rate. It denotes the resdua world inflation
rsk premium; and

b, isthe regression beta of the return on asset k with the world unanticipated inflation rate.

Under the above assumptions on the L exchange rates and the L+ 1 inflation rates, the AD modd can be

written as;

(14) E(R)=g,+d b, +d b,+g°bi+d b, +g"b}’

Findly, in line with the assumptions of the GLS modd, we assume thet dl inflation rates collgpse to the US
inflation rate when they are expressed in terms of US dollars. We therefore gate the GLS modd asfollows

(15) E(RJ)=g,+d b, +g"by

To formulate empirical tests for the three models, we decompose the rate of return on asset k into an
expected component E( R, ) ahd a set of innovations. In the case of the S-S modd thisyidds

(16) Re= E(R«)+ by(R'-E(R)+ bla+ b1 ,+2,
Subgtituting (12) into (16) gives

17) Re=0,(1-b!)+ bR+ b+ ble+d b, +b,| ,+z,

We repeat the same procedure for the AD mode which now becomes:

13



(18) Re=0,(1-by)+ by R+ b+ bja+d b,+ b, 1,
+g b+ bi+d' b+ bu+x,

Smilarly, the GLS modd can be written as

(19) Re=0,(1-b)+bR'+d b+ b i+y,

Under the null hypotheses that exchange rate and inflation risks are not priced,
o’=d =g =dg'=0.Also, notethat E(z ,, )= E(y ,,) = E(X,, )= 0.

To estimate the modds (17), (18), and (19) we construct K portfolios of security returns for each of the
ten countries in our sample, following the methodology described in Section 2.2. Each modd is estimated
inasysem of K x 10 equations, dlowing for contemporaneous corrdaionsin error terms asin Seemingly
Unreated Regressons (SUR). The band g coefficients in each modd are estimated smultaneoudy which
avoids the errors-in-variables biases of the coefficients imbedded in two-stage procedures, such as the
classc Fama-MacBeth methodol ogy.

Notice that despite the fact that our testsinclude the world market risk factor, the modds (17), (18), and
(19) do not include aterm for the world market risk premium. However, an estimate for the world market
risk premium can be eesily calculated through the equation g* = E(R") - g, . Whenb ad g coefficients are
edimated smultaneoudy, one g coefficient is rendered redundant. We chose that coefficient to be the
world market risk premium since the pricing of the world market factor iswel known and well documented
in the literature and does not to warrant further investigation. The purpose of this paper isto test for the
pricing of exchange rate and inflation risk, as well astheir rdative importance, over and above that of the
world market factor. The methodology adopted here was initidly proposed in Gibbons (1982), and
subsequently used in Jorion and Schwartz (1986), among others. It is particularly suitable for estimations
using the Generdized Methods of Moments (GMM).
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We map the moddls into an iterated GMM procedure, and employ the Newey-West estimator. Tests of
unconditional mean-variance efficiency usng GMM were firg performed in MacKinlay and Richardson
(1991). Evidencein Ferson and Foerster (1994) suggests that the iterated GMM procedure has better
gmal sample performance than the one-sep GMM egtimétion, while it maintains the same asymptotic
digtribution theory. The truncation parameter g in the Newey-West estimator was set equa to six, and
corresponds to the number of resdua autocorreations that were found satisticaly sgnificant a the 10%

level.

In the Newey-West estimator, the weighting matrix employed isAoptimal in Hanserrs (1982) sense, and
the minimized sample analog of the quadratic function follows a ¢ distribution. This means that we can

directly perform Hanserrs (1982) Jtest on the overidentifying restrictions of the models. Furthermore, we
can use Newey-West:s (1987) D-test to compare the minimized objective function of the restricted modds
(i.e, models (15), and (17)) with that of the unrestricted modd (i.e., modd (16)).

As additiond diagnodtic tests, we compute mean pricing errors (ME) and root mean square pricing errors
(RMSE) from the models etimated. Finaly, we compute adjusted R-squares.

2. Data, and Portfolio Construction

2.1. Data

Our study uses monthly stock returns from ten countries namely, Audrdia, Canada, France, Itay,
Switzerland, the Netherlands, Japan, Germany, UK, and USA™2.

M Becausein several cases, the significant autocorrel ations were not equal to six, we repeated the main tests
of this paper setting g=3 which corresponds to the number of the majority of autocorrelations significant at the 10%
level. The t-values changed only trivially with this modification, and our results remained qualitatively the same.

12 Other international asset pricing tests that use individual security returnsinclude those of Korajczyk and
Viallet (1989), and Jorion and Schwartz (1986). The first study uses security returns from the USA, UK, Japan, and
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Our sample runs from January 1973 to December 1990. Datafor the USA are from thefiles of the Center
for Research in Security Prices (CRISP), whereas data for the UK are from the London Share Price
Database (LSPD) compiled a London Business School. The remaining data are extracted from
Datastream.

Note that Datastream dlows the downloading of monthly prices and dividend yidds for individua securities,
but not of tota returns. Therefore, totd returns for eight of the ten countries in our sample have been
cdculated by spreading evenly the monthly dividends throughout each year. This method, which represents
the only option we had available, may smooth the seriesto a certain extent but it is not expected to affect
the means in any meaningful way. Furthermore, the parameter estimates should aso be unaffected. Sharpe
and Cooper (1972) have shown that beta estimates remain the same, independently of whether we use for
our regressions totd returns, or amply, capitd gains. We replicated their tests usng a smal number of
securities from each of the ten 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
asurvivorship biasin our results. In Section 3.4.4 we test for this possibility and conclude that our results
on the pricing of exchange rate and inflation risk cannot be affected in a sgnificant manner by the
survivorship biasin our database.

[ TABLE 2 APPROXIMATELY HERE]

Table 2 reports the number of securitiesin each country sample and summearizes the distributiond properties

of the individua security returns. The purpose of the tests presented in this Table isto verify the qudity of

our individua security returns.

France, while the second one from USA and Canada.
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A filtering rule was imposed to check for the number of observations thet lie outsde an interval of plusor
minus three standard deviations, and the results were compared with those expected under the hypothesis
that the data are sampled from a normd distribution. Our evidence coincides with results from previous

dudies (see, eg., Fama- 1965) which indicate the presence of fat tails in the distributions of asset returns.

We ds0 check dl samplesfor the presence of reversds rdative to the mean. To render the test powerful,
we choose arule that alows 1% of the observations to exhibit reversals. This rule permits us to make
meaningful inferences without picking reversds of inggnificant vaue. Under the normd digtribution
hypothesis, the 1% rule prescribes us to check for reversas outside the 1.47 standard deviaions interva.
The results show that in al samples the percentage of observations that passed theruleis very doseto the
theoretica one. Thisindicates that there are no Aflagsll or other significant punching errorsin our data.

Findly, we compute the first four moments for each security in our sample, and report the average vaues
of these moments for each country sample. The third moment denotes skewness, and under the null that the
data are generated by anormad distribution, it should be equa to zero. We find that the data are dightly
skewed to the right, with the exception of Audraia, Canada, and Switzerland where small negative vaues
were obtained. The fourth moment denotes kurtoss. The estimated val ues confirm the results of the filtering
rule and show that al samples are to some degree leptokurtic with that phenomenon being more apparent
in Audrdia, the Netherlands, and the USA.

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

In the rest of the paper, we proxy the world stock market portfolio with the Morgan Stanley Capitd
Internationa (M SCI) world index. Country indexes for the ten countriesin our sample are dso from MSCI.
Spot exchange rate data are extracted from the OECD files. The series of 30-day Treasury Bill (T-hill)
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interest rates was obtained from the "Encorr” database maintained by 1bbotson Associates. Inflation rates
are from the IMF Series and are caculated from each country's Consumer Price Index (CPI). Data for
Audrdian inflation are available only on aquarterly basis. The monthly inflation series is therefore computed
by spreading evenly the quarterly inflation over the three monthes period. Findly, GDP data were obtained
from the International Financid Statigtics (IFS), 1991 yearbook.

[TABLE 3 APPROXIMATELY HERE]

Table 3 provides summary datistics for dl data used in the sudy. Our reference currency isthe US dollar.
The gstatistics are means, standard deviations, and autocorrelations up to order twelve. All varigbles are
caculated in excess of the holding period return on the US 30-day T-hill. Portfolio 1 for agiven country
represents the portfolio with the lowest betas againgt the world market portfolio, the equaly weighted index
of dl changesin exchange rates, and the GDP welghted index of world unexpected inflation. Portfolio 8 for
a given country represents the portfolio with the highest betas againg al three varigbles. The portfolio
condruction methodology is described in detail in the following section.

2.2. Portfolio Construction

The AD, S-S, and GLS modds imply that the independent variables againgt which we need to gain
disperson are the return to the world market portfolio, the inflation series, and the changes in exchange
rates. Given the data transformation performed in Sections 1.2.1 and 1.2.2, and the Structure imposed on
the modds as dtated in reations (17), (18), and (19), we choose as instrumentd variables for the
classification of stocks into portfolios the world market portfolio beta, the beta of the world inflation index
(not orthogona to the US inflation), and the beta with respect to an equaly weighted index of changesin

al exchangerates.

The two inflation variables in (18) are orthogond to each other, and therefore, classfying securities
according to the beta coefficient of the world inflation index (not orthogond to US inflation) offers
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dispersgon againg both variables. Furthermore, recdl that the correation between the equaly weighted and
resdua indexesis 0.355, while that of the equaly weighted and common component indexesis equa to
0.991.Therefore, aclassification of securities using the equally weighted index will offer disperson against
both the common component and the residua component indexes of exchange rates. Evidently, the
disperson gained againgt the common component index will be higher than that againgt the resdud index,
but again the variation of changes in exchange rates explained by the common component index is dso

congderably higher.

To avoid problemsrelated to selection bias, the estimation of these beta coefficients 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 atota of 216 monthly observations. To congtruct 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 onesto cdculate the returns of the portfolios,
and estimate the models.

The advantage of this gpproach relaive to the classic Fama-MacBeth procedure is that it dlows usto use
observations from the whole time period covered by our sample. In the Fama-MacBeth procedure, thefirst
five years of data are used only to dassfy socksinto portfolios. A further advantage of the Chen procedure
isthat it assumes stability only between betas estimated using odd and even observations, a rather weak
assumption. In contrast, Fama-MacBeth assume sability of betas across time which is a stronger
assumption. However, a disadvantage of Cherrs portfolio construction approach is that the total number
of observations used is smdler than the number of observations we would have used in Fama-MacBeth.

There are Sx possible ways in which we can classify securities into portfolios given that we want to obtain
disperson againg three variables. However, our am isto maximize digpersdon againg the exchange rate
and inflation betas since the 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

consderations, we choose to first classify securities according to their world betas into two portfolios, then
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we subdivide each portfolio into two portfolios according to the exchange rate betas, and findly, al
portfolios are Fplit into two according to the world inflation betas. This classfication gives maximum
dispersgon againg inflation betas and least dispersion againgt world market betas. Since we do not estimate
world market risk premiumsin this sudy, the limited disperson gained againgt world market betas should
not be problematic. In addition, we will show in Section 3.4.3 that, athough the digperson of world market
betas across portfoliosis smaller than that of the exchange rate and inflation betas, the standard errors of
the world market betas are substantially smdler than the standard errors of exchange rate and inflation
betas. This judtifies our choice to am for larger digperson of exchange rate and inflation betas across
portfolios. Findly, it will be shown that the disperson of exchange rate betas and their sandard errors are
comparable to those of inflation betas, dthough our portfolio congtruction approach does not maximize
disperson againgt exchange rate betas. Again, this piece of evidence renders support to our choiceto am
for maximum disperson againg inflation betas.

To avoid misspecification biases, the estimation of betas was carried out according to the implications of
the three theoretical models. In particular, for each set of betas, we chose to estimate them according to
the most generd specification in which they gppear. World and inflation betas were estimated jointly, as
gpecified in the AD model. Exchange rate betas were estimated together with the world betas, as it is
implied by the S-S modd. However, from these estimations we retained only the exchange rate betas. Eight
portfolios were formed for each country, i.e., atotd of eighty portfolios for dl ten countries.

The above procedure was repeated for the two subperiods of 108 total observations. The portfolio returns
for the entire period are obtained by appending the portfolio returns of the first subperiod to those of the
second subperiod. Thisis done in order to account for possible nondationaritiesin betas, and it is equivaent

to updating the membership of securities in the eight portfolios twice during the entire period.

3. Empirical results

3.1. Country-Specific Exchange Rate Risk Premiums
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Table 4 presents the results from the estimation of the SS model. They are obtained by estimating betas,

intercepts, and risk premiums for al countries smultaneoudly.

We observe thet a least one of the exchange rate indexes is priced in six out of the ten 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 between -0.15% per
month for Germany and -0.7% for Japan. This means that hedging the common component exchange rate
exposure during the period studied would have resulted into an increase in the return of equity portfolios
in these countries, Snce hedging the exposure to the common component index would decrease or diminate
its exchange rate risk premium. This would not have been the case in the Netherlands where the common
component risk premium is positive.

Smilarly to theresults of Jorion (1991), the common component index which isvirtudly identical to asmple
index of dl exchange rates, is not priced in the USA. Note, however, that the residua component index
cariesarisk premium of 0.42% per month in the US which is Satigticaly sgnificant a the 5% levd. In
addition, the resdua component is adso priced in Canada, Germany, Japan, and the Netherlands. The
magnitude of itsrisk premium in these countries varies from 0.365% in Canada to 0.921% in Japan.

[TABLE 4 APPROXIMATELY HERE]

The results with respect to the pricing of the resdua component index are important because they affect
sgnificantly our conclusons 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 resdua 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
portfoliosin 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
performance of their equity portfolios then it gopears to be the case in the presence of the residud exchange
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rate component.

If the S-Smoddl isthe correct moddl, the intercept g, must be equal to zero. We seethat g, is statiticaly

different from zero at the 5% leve only for Germany and Japan which means that the modd performs
relatively well in the other countries.

To further evduate the ability of the SS'S modd to explain equity returnsin the ten countries we use aseries
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 mode tends to overestimate expected returns of equity portfolios. The absolute magnitude of the
ME varies from 2.7% (0.023 x 12 x 100) per annum (pa) for Switzerland and the Netherlands, to 0.9%

pa for Audrdia and the US. Therefore, adthough the modd tends to misprice equities, the absolute
meagnitude of the mispricing isrddivey smdl.

We a'so compute the standard deviation of the pricing error which is given by the root mean sguare 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 Sandard deviation across the Itdian portfoliosis 0.08
or 27.7% pa. The RMSE across Itdian portfoliosin Table 4 is0.074 or 25.63% pa. This means that the
modd reduces the average standard deviation of the Itdian portfolios by 2.13%. This order of standard

deviation reduction is among the smallest observed across countries. One of the largest reductionsis 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 reved that a substantial

part of the variation in returns remains unexplained. This is not necessarily worrisome, since the ME are

andl.

The adjusted R-square provides an additiond intuitive measure for the performance of the modd. It is
caculated by adding up the sum of square resduas from the eight equations of each country:s portfolios.
It appears that the S-S moded performs best in the US (68.26%) and worst in Italy (11.04%). Thisis of
course congstent with the results of the RMSE.
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We compute Hanserrs Jtatistic which follows a+%(50)=54.51. The p-value of the test is equal to 0.30
which suggests that the model cannot be rgjected. Thisis not surprising, given that the modd performswell

in most countriesin our sample.

3.2. Country-Specific USInflation Risk Premiums

Table 5 reports the results from the estimation of the GLS modd. Similarly to the case of the S-S modd,
intercepts, betas, and risk premiums were estimated for al countries smultaneoudy. Interestingly, US
unanticipated inflation is priced a the 5% leve not only in the US portfolios but dso in dl others, gpart from
the U.K. and Swiss portfolioswhereit ispriced at the 10% levd. Thisis contrary to the generd belief that
only domedtic 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 biasin US portfolios
cannot be due to investors demands for hedging domedtic inflation.

[TABLE 5 APPROXIMATELY HERE]

Note that the US inflation risk premium attached to Canadian and US equities is of amost identica
magnitude. Thisis an interesting but aso intuitive result Snce, in generd, Canada follows dosdy the US
monetary policy and maintains Smilar levels of inflation. Notice dso that the US inflation risk premium
attached to foreign equitiesis larger than that found in US (and Canadian) equities. This maybe the effect
of expectaions of inflation transmissons from the US to the rest of the countries, dthough our tests are not
geared towards providing a definite explanation for this result. The US inflation risk premium is dways
positive and its magnitude is of asimilar order to that of the exchange rate risk premiums.

The country intercepts indicate that the GLS modd performswell in al countries except in Germany and
the Netherlands where positive and gatidicaly significant intercepts were found.
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The ME are again positive in saven countries, but their absolute magnitudes are larger than in the case of
the S-S modd. This suggests that the S-S modd may price equities more accurately than the GLS modd.
The largest migpricings are found in Audraia and the Netherlands where the GLS mode  underprices
Audrdian 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% pawhich is aquite smdler mispricing than the one produced by
the SSmodd. This result does not mean that the GLS modd is better in pricing US securities. The RMSE
of the GLSmodd are larger than those of the S-S modd for al countries. In other words, dthoughthe GLS
modd produces asmadler pricing error in the case of US securities, it also leaves alarger proportion of the

gtandard deviation of returns unexplained.

Aswould be expected, the adjusted R-squares are a'so smaller in dl cases reative to those computed for
the SSmodd. The reduction is not dramétic, however. The GLS modd can explain 65% of the variation
of returnsin the US, and 11% in Itay. The fact that the mode does not perform poorly in absolute terms
is confirmed by Hanserrs Jtest. The p-vaue implies that the mode cannot be rejected.

3.3. Joint Estimation of Country-Specific Exchange Rate and Inflation Risk Premiums

Sincethetests of the S-S and GL S modds 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 versa. The rlaive importance of exchange rate and foreign inflation risk
premiums in equitiesis tested usng modd (16) which is our empirica verson of the AD modd.

[TABLE 6 APPROXIMATELY HERE]

Table 6 presents the results. They are obtained once again by estimating all coefficients for al countries
samultaneoudy. We observe that the exchange rate and US inflation risk premiums are markedly different
in terms of vaue from those reported in Tables 4 and 5. In addition, in most cases, they are not Satidticaly
ggnificant a the 5% leve. Thisis due to multicallinearity problems arising from the smultaneousinclusion
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of exchange rate and inflaion varigbles in the modd. In particular, the resdud world inflation index has
corrdaions of 0.34 and 0.96 with the resdua and common component exchange rate indexes
repectively. Note, however, tha the corrdations of US unanticipated inflation with the resdud and
common component factors are only 0.05 and -0.10 respectively.

A comparison of the ME and RM SE with those reported in Tables 4 and 5 ismore reveding. The ME in
five countries are now negetive. In terms of absolute magnitude, they are lower in Canada, Germany, Itay,
the Netherlands, and the UK, relative to those from the previous modds, but higher in the other countries.
The lowest ME are found in Japan and the UK and have an absol ute 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 modes in eight countries with the increase being
more pronounced in Canada, Switzerland, and to alesser extent in Germany and the United States. A dight
decrease in the adjusted R-squares is observed in the Netherlands, and the UK. As expected, Hanserrs
test cannot reject the model.

Overdl, it appears that a modd which includes both exchange rate and inflation risk factors can price

international equities better than the restricted modd s examined. Explicit hypotheses tests on the relative
performance of the three models are provided in the Section 3.4.2.

3.4. Diagnostics

3.4.1. 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 partialy segmented, and therefore, investorsin different countries may require different risk
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premiums for bearing the samerisk. Capitd markets can exhibit partid segmentation, that is, segmentation
which does not arise from the presence of explicit frictions in the markets, such as regtrictions to ownership,
when certain sources of risk are not perfectly hedgeable. Note that in the case of the S-S mode, capital
markets are not partially segmented because exchange rate risk can be perfectly hedged.™ In that sense,
exchange rate risk premiums in the S'S model do not need to vary across countries. In contrast tothe S-S
and AD modds, the GLS modd assumes that PPP holds, and therefore, it implies that capitd markets are
perfectly integrated and that risk premiums are equal across countries.

The hypothesis of equdity of risk premiums across countriesis formally tested in this section by computing
the Newey-West D-datidtic. This involves two steps. We firgt estimate each mode alowing the risk
premiums to vary across countries, and save the fina weighting matrix. We then use this weighting matrix
to re-estimate the model under the restriction of equaity of risk premiums across countries. The difference
of the minimized objective functions from the two estimationsis +* distributed with degrees of freedom equal
to the number of redtrictions that the restricted modd imposes on the unrestricted one.

[TABLE 7 APPROXIMATELY HERE]

The results from the above test are reported in Table 7, Pand A. For dl three modds, the p-vaue of the
Newey-West test is smdl enough to lead us to regject the hypothesis of equality of risk premiums across
countries a any conventiond leve of sgnificance. Testing for the hypothesis of equdity of risk premiums
across countries is one of the two possible ways to discriminate empirically among the three modds. Our
result suggests that world capita markets are less than perfectly integrated, and leads to the rgjection of the
S-S and GLS modds. The second way to discriminate empiricaly among the three models is presented
below.

3.4.2 The relative performance of the three models

13 For adiscussion of this point, see Section V11 in the Adler and Dumas (1983) paper, and their footnote 86,
in particular.
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Panel B of Table 7 reports the results from Newey-West D-tests 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 modes dlowing the risk premiums to vary across countries Snce the evidence in
Section 3.4.1 suggests that capitd markets may be partialy ssgmented. To compute the Satidtic in this case,
we re-esimate the S-S and GLS modd s using the weighting matrix from the estimation of the AD modd.
Thisis possble, snce models S-S and GLS models are nested with the AD model. The computed D-
gdtidic rgects a the 5% leve the GLS and the S-S modds in favor of the AD modd. This implies that
athough exchange rate and inflation risk factors are corrdaed, their amultaneous presence in the AD moded
improves in gatistical terms the performance of the restricted modes. In other words, the inflation risk
factors contain, on average across countries, useful information for the pricing of equities beyond the

information contained in the exchange rate risk factors.

3.4.3. The beta coefficients

Figures 1 to 5 provide a graphical representation of the Satistical properties of the beta coefficients from
the estimation of the AD model. On the upper part of the graph, we depict the individua beta coefficient
estimates for the eight portfolios of each country, plus - minus one standard error. This part of the graph
illustrates the amount of within-country variation in betas, in relaion to their sandard errors. On the lower
part, we graph the average beta value in each country. This shows the cross-country variation in betas.

Summary datistics on dl beta coefficients estimated from the three models are reported in Table 8.

[FIGURES 1 TO 5 APPROXIMATELY HERE]

Both the Figures and the gatistics in Table 8 suggest that the cross-country dispersion of beta coefficients
islarger than their average cross-sectiona dispersion. Thisis epecialy the case for the exchange rate and
inflation betas. World market betas tend to possess substantial cross-sectiona dispersion, and they are
estimated with smaler standard errors. Resdua component exchange rate betas are more noisy than
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common component exchange rate betas, but they exhibit larger within-country and cross-country variation.
Smilarly, USinflation betas are more noisy than resdua world inflation betas, but they aso possess larger
within-country and cross-country varigtion. It gppears that the estimation of country-specific exchange rate
and foreign inflation risk premiumsiin this sudy was possible due to the subgantia within-country variaion
in the resdua component exchange rate betas and the US inflation betas. The construction of the resdua
component exchange rate index for testing the presence of exchange rate risk premiums in internationa

equities and the use of US inflation as a proxy of foreign inflation risk premiums condtitute contributions of
this Sudy.

[TABLE 8 APPROXIMATELY HERE]

3.4.4. Tests of survivorship bias

In Section 2.1 we noted that dl individua security returns used in the congtruction 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

Wetest for this possibility in the following way. We perform cross-country tests for the pricing of exchange
rate and foreign inflation risk using two aternative databases. Our firgt set of tests use the eighty portfolios
congdructed in this study. The second set of tests uses MSCI country indexes.™* Cross-country tests
edimate the average megnitude and sgnificance of exchange rate and foreign inflation risk premiums across
countries. The pricing of exchange rate and foreign inflation risk across countries has been documented in
previous studies. Our am here is to use these tests in order to evauate the possble effect that the
survivorship bias in our data may have on our country-specific estimates of exchange rate and foreign

inflation risk premiums.

[TABLE 9 APPROXIMATELY HERE]

141t isworthwhile to mention that the constituents of the MSCI indexes are not necessari ly the same
securities used for the construction of the eighty portfolios. Furthermore, membership of securitiesin the M SCI
indexes is updated semi-annually, and therefore, the MSCI indexes are free from survivorship bias.
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Table 9 presents the resuits. It isinteresting to note that independently of whether exchange rate and foreign
inflation risk premiums are estimated using as | eft-hand-side variables the 80 portfolios or the 10 MSCI
indexes, the magnitude of the risk premiums are remarkably smilar in the two estimations. Thisrevedsthat
the cross-country estimates of exchange rate and inflation risk premiums using the 80 portfolios do not suffer
in any significant manner from the survivorship bias present in our individua security returns. It is therefore
unlikely that the estimates of within-country exchange rate and foreign inflation risk premiums are subject

to survivorship biases.

Table 9 dso reports the ME and RMSE for dl models and for both estimations. The difference in their
magnitudes between edimationsis very smdl. In dl cases, the ME and RMSE from edimations thet use the
MSCI indexes are amdler than those from estimations that use the 80 portfolios. Thisis not surprising snce
in tests that use the ten MSCI indexes, the model needs to explain only the cross-country differences in
returns and not aso their within-country differences. Findly, the adjusted R-squares and Hanserrs tests
reved smilar information about the modeds independently of whether they are estimated using the MSCI
indexes or the 80 portfolios.

3.4.5. The robustness of the risk premiums estimates

Recall that each of the three moddlsis esimated in a system of eighty equations which may raise concerns
regarding the smal sample properties of our estimator. For ingtance, the results reported in Table 4 involve
the estimation of (80x79)/2=3160 variance-covariance terms plus 270 parameters, a tota of 3430
moments. With 8640 tota observationsin the system, the ratio of observations per moment is 2.5 which
may be considered low™.

[TABLE 10 APPROXIMATELY HERE]

By milarly, theratio of observations per moment for Tables 5 and 6 are 8640/3340=2.6 and 8640/3610= 2.4
respectively.
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We provide additiona estimations of country-specific exchange rate and inflation risk premiumsin 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, 5, and 6 is that the covariance matrix of resduals
across countries is zero. Thisredtriction holds under the null hypothesis that each modd istrue. By imposing
this redriction, we can estimate each modd country by country in systems of eight equations. The only
shortcoming of this redtriction is that we can no longer test the hypothesis of equaity of risk premiums

across countries. For thistest, we continue to rely on the estimations from the eighty equation systems.

The ratios of observations per moment increase now to 18.8 for the GLS modd, 15.7 for the S-S modd,
and 11.8 for the AD modd. Although these significant increasesin the ratios, compared to those for Tables
4, 5, and 6, may not diminate completely any small-sample biases that can potentidly exist in our results,
they relieve them greetly. In addition, it is possible that the efficiency of the Newey-West estimator in the
tests of Tables4, 5, and 6 islow asresult of the Size of the systems. This may be the case despite the fact
that the Newey-West estimator is dways positive definite. To account for this possibility, we aso report,

in square brackets, t-values from nonlinear least squares standard errors.

Table 10 reved s that our results remain quditatively the same with those of Tables 4, 5, and 6, when the
risk premiums are estimated for each country separately. Exchange rate and inflation risk isagain 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, asis the case for theinflation risk premium inthe GLS
model for Japan. Furthermore, the common component exchange rate risk premium in Switzerland is now
positive. Findly, in Italy the resdua component exchange rate risk premium is now priced, whereas the
common component exchange rate risk premium is priced only margindly. Given that we estimate seventy
risk premiumsin total, such few differences between aternative estimations are to be expected and do not
affect the economic interpretation of the results of this study. It is aso interesting to note that our inference
regarding the pricing of exchange rate and inflation risk is the same whether it is carried out on the basis of

nonlinear least squares or Newey-West standard errors.
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4. 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, Litzenberger,
and Stehle (1976) modd, and the Adler and Dumas (1983) modd . Our results suggest that exchange rate

and foreign inflation risks are generdly priced in the equity returns of the ten countriesin our sample.

We decomposed changes in a cross-section of exchange ratesinto acomponent which is common across
exchange rates, and aresidual component. Based on this decomposition, we estimated exchange rate risk
premiums and found that in severa countries the exchange rate risk premium is at least partly attached to
the resdua component of changes in exchange rates. The pricing of the resdua component of exchange
rates has not been previoudy examined in the literature. Our results suggest thet 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 dl ten countries. We found that US inflation risk is
indeed priced in dl countries. This result congtitutes 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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Table 1: Statistical Properties of the Common and | diosyncr atic Exchange Rate | ndexes

The correlation coefficient between the common component index and the equally weighted index is denoted by
corr(l ,EW),and the correlation coefficient between the common component index and theresidual index by corr(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 by R2?(1 ), and R2(e), respectively. The corrected
coefficient of determination from bivariate regressions on both the common and residual component indexes is denoted
with adj.R?(1,e). whereas R?(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 isthe US dollar. Exchange

rates are quoted asforeign currency per US dollar. The statistics are cal culated using monthly observations from January
1973 to December 1990, i.e., 216 observationsin total.

Panel A: Correlation coefficients

corr(1 ,EW) corr(l ,e) corr(e, EW)
0.991* 0.228** 0.355*

Panel B: Coefficients of determination
Country R2(1) R2(e) adj. R?(1 ,e) R?(EW)
Australia 0.20 049 058 0.28
Canada 0.08 0.09 0.15 011
France 0.85 0.02 0.86 0.83
Italy 071 0.06 072 071
Germany 0.93 0.02 0.96 0.86
Japan 0.57 021 0.66 0.62
Switzerland 0.80 0.07 0.81 0.80
Netherlands 0.95 0.02 0.98 0.89
U.K. 0.60 017 0.66 0.64

* significant at 1% level

** significant at 5% level
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Table 2. Digributional Propertiesof Stock Returns

All testswere 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 outside aplus or minus three standard deviationsinterval. The fourth column reports the percentage of observations that exhibit reversals
outside the 1.47 standard deviationsinterval. Under the null hypothesis that the data follow anormal 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 anormal distribution,
both the skewness and kurtosis should be equal to zero.

Country Securities filter reversals i1 [P i3 [
Sample inSample Ho0:0.27%  Ho: 1% mean variance  skewness  kurtoss
Audralia 95 1.30% 0.70% 0.008 0.021 -.655 7.990
Canada 32 1.07% 0.72% 0.007 0.007 -.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 -.010 7.230
Switzerland 67 1.16% 1.00% 0.005 0.005 -.243 4.664
UK. 600 1.45% 1.02% 0.013 0.013 0.113 4.297
U.SA. 400 1.22% 1.03% 0.098 0.098 0.450 6.985
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Table 3. Summary Statistics

The statistics are based on the even monthly observations from 1973:2-1990:12 (108 observations). All variablesarein
USdollarsin excess of the holding period return on the US 30-day Treasury Bill. Portfolio 1 for agiven country represents
the portfolio with the lowest betas against the world market portfolio, the equally weighted index of all changes in
exchangerates, and the GDP weighted index of world unexpected inflation. Portfolio 8 for agiven country representsthe
portfolio with the highest betas against all three variables. Since only even observations are used in the tests, the
autocorrelation fi,, for example, refersto the autocovariance of the current even month return (at timet) with the lagged
by two even months return, divided by the variance computed from all even observations.

Autocorrelations
Mean S.D. iy fip fis fig fis fis fi; fig fg o flyy 1o

PANEL A. Equity Returns

Australian Portfolios

Portfolio #1 -.0012 0.0746 -049 -055 -070 0074 -019 -037 -.144 0244 -154 0075 -232° 0.004
Portfolio #2 -.0015 0.0742 -195 0.034 -079 0.100 -079 -.037 -098 0.190 -.078 0.039 -.159 0.011
Portfolio #3 -.0070 0.0794 -009 0.083 -.117 0.026 0.048 -.072 -039 0.058 -.019 -003 -100 0.073
Portfolio #4 -.0068 0.0827 -088 0.062 -003 0.052 -092 0.015 -.136 0.154 -.151 -021 -.089 -.002
Portfolio #5 -.0062 0.0892 -085 0.109 -114 0127 -128 -038 -.173 0235 -208 0050 -117 0.008
Portfolio #6 -.0154 0.1046 -051 0198 -053 0169 -105 0.123 -.134 0152 -218 0.025 -.127 -.027
Portfolio #7 0.0008 0.0831 -115 0.092 -013 0034 -041 -025 -079 0206 -186 0076 -080 0.011
Portfolio #8 -.0094 0.1019 -.068 0.215 -198 0.112 -144 0.031 -150 0.244 -083 0.144 -153 0.068
Canadian Portfolios

Portfolio #1 -.0012 0.0555 0.071 0.055 -019 -.079 0.002 -.075 0021 -003 -074 -070 -.187 -.141
Portfolio #2 0.0022 0.0473 -081 0.107 -079 0.030 -102 -019 -082 0.119 -210 -067 -.040 0.048
Portfolio #3 -.0024 0.0408 0.037 0.010 0.143 -.121 -.142 -.020 0.028 0.022 0052 -113 -049 0.033
Portfolio #4 0.0001 0.0626 -078 0.080 -.046 -.157 -146 0.019 -.195 0215 -100 0033 -005 0.113
Portfolio #5 -.0037 0.0703 -101 0.076 -051 -.050 -080 0.049 -040 0.047 -.064 -149 -120 0.049

Portfolio #6 0.0072 0.0708 0.004 0.057 0.071 -.006 -.118 0.012 -017 0.086 -.153 -.003 -.063 -.106
Portfolio #7 0.0002 0.0710 -168 0.090 -.194 -163 -.073 -017 -.040 0.107 0017 -.073 -129 0.053
Portfolio #8 -.0044 0.0638 0.028 0.006 0.023 0.046 -.082 0.082 -.089 0.084 -.243 -107 -.193 0.048
French Portfolios

Portfolio #1 0.0087 0.0688 -.000 0.013 -010 -.013 -008 -103 -038 -155 ~-.106 -.023 0.033 0.141
Portfolio #2 0.0045 0.0705 0.039 -.072 0.097 0.089 -071 0.088 0.041 0.031 -.029 0.017 -.040 0.040
Portfolio #3 0.0068 0.0594 0.008 0.123 0.002 0059 -168 0.021 -.174 -078 -181 0003 -022 0.197
Portfolio #4 0.0038 0.0614 0.112 0.038 0.006 0.013 -.084 0.042 -019 0.013 -078 -035 -010 0.128
Portfolio #5 0.0009 0.0777 0.019 -.027 0.000 0.034 0.024 -.037 -059 -18 -.09% -058 -.026 0.113
Portfolio #6 0.0134 0.0814 0.001 -.028 0.063 -.019 -001 0.061 0039 -122 -031 -019 0011 0.180
Portfolio #7 0.0021 0.0752 -006 -.022 0.001 -.031 -081 -100 -056 -196 ~-.097 0.047 0.024 0.114
Portfolio #8 0.0050 0.0793 -.069 0.009 0.061 -.005 0.057 0.005 0.044 -107 -015 -011 -032 0.124
German Portfolios

Portfolio #1 0.0120 0.0505 0.065 0.213° 0.030 0.095 0.057 -.128 -198° -125 -080 -.047 -091  0.023
Portfolio #2 0.0098 0.0564 0.031 0.069 -058 0.094 0029 -.097 -141 -081 -.092 -018 -.044 -.037
Portfolio #3 0.0075 0.0501 0.154 0.050 -.112 0.161 0.096 -.061 -.118 -084 -079 0.017 -.011 -.004
Portfolio #4 0.0097 0.0537 0.065 0.044 -209 0.108 0.035 -.016 -238 -000 -068 0.108 -.071 -.023
Portfolio #5 0.0114 0.0594 -078 0.08 -103 0.115 0135 -158 -042 -113 0019 -062 -.034 0.001
Portfolio #6 0.0077 0.0630 0.038 -.059 -031 0.146 0.074 -135 -160 -.036 -.115 -088 0.016 0.030
Portfolio #7 0.0096 0.0596 -.003 0.046 -076 0.140 0.148 -.086 -030 -.116 0.038 -.014 0.064 -.030
Portfolio #8 0.0118 0.0589 0.015 0.008 -.007 0.114 0.086 -.143 -064 -.072 0014 -051 -.054 -.087
Italian Portfolios

Portfolio #1 -.0004 0.0746 -062 -044 0.227 -092 0.014 0075 -.157 -182 0.077 -124 -160 0.087
Portfolio #2 -.0014 0.0846 -.046 -001 0.266 -.047 -073 0.135 -079 -149 0.065 -086 -164 0.105
Portfolio #3 0.0035 0.0635 0.098 0.037 0.122 -.035 -005 0.097 -.040 0.040 0.069 -164 -.193 -.024
Portfolio #4 0.0034 0.0808 -.090 0.028 0.222° -059 0.008 -003 0.063 -015 0060 -143 -028 0.019
Portfolio #5 0.0037 0.0919 -.011 0.065 0.168 -.060 0.063 -.038 -062 -.013 0020 -145 -068 0.025
Portfolio #6 0.0026 0.0892 -.024 0.071 0203 -141 -014 0.060 -.140 0.009 0.069 -.184 -.005 -.018
Portfolio #7 0.0047 0.0824 -046 0.069 0266 -.162 0.067 -064 -139 -064 -098 -052 -.054 -.059
Portfolio #8 -.0009 0.0759 0.011 0.047 0.234 -004 -002 0.06 -.036 -120 0.078 -069 -052  0.046
Japanese Portfolios

Portfolio #1 0.0055 0.0676 0.001 -.003 -.112 0.050 0.067 0.020 0.074 0.014 0.064 0.047 0.002 0.047
Portfolio #2 0.0073 0.0674 0.005 0.033 -121 -.051 -015 0.020 -028 -102 0.066 -008 -.024 0.093
Portfolio #3 0.0086 0.0669 -100 0.021 -089 0.097 -056 0.044 0070 0.045 0.009 0.100 -.055 -.027
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Autocorrelations

Mean SD. fiy fi, fis fiy fis fis

fiz

fis

fio

r~]10

ﬁll

ﬁ12

Portfolio #4 0.0040 0.0600 -.108 0.033 0.003 0.051 -.002 0.003 0.003 -.008 0.013 0.031 0.009 0.010
Portfolio #5 0.0149 0.0647 -137 0.044 -084 -111 -020 0.053 0.004 -.192 0.064 -.040 0.001 0.092
Portfolio #6 0.0087 0.0710 -.058 -.001 -.138 0.043 -.038 0.078 0.005 -.052 0.078 -.069 -.029 0.029
Portfolio #7 0.0150 0.0715 -191 0.023 -.144 0.046 -.002 -015 -.029 -077 -.064 0.060 0.059 0.036
Portfolio #8 0.0095 0.0673 -.146 0.038 -.185 -.028 0.013 0.094 0.045 -150 0.010 -.012 -.066 0.103
Dutch Portfolios

Portfolio #1 0.0140 0.0641 -.145 0.005 0.045 -.040 0159 -055 -001 0.049 -187 0.101 0.064 0.004
Portfolio #2 0.0060 0.0524 -.008 -.055 0.020 -.025 0.181 0.073 -.143 -.094 -.108 -.002 0.169 -.044
Portfolio #3 0.0050 0.0605 -009 -028 -084 0085 0240 -003 -081 -162 -127 0.040 -.071 0.033
Portfolio #4 0.0088 0.0592 -015 0.039 -.044 0066 0.176 0.099 -.069 0.016 -.081 0.105 0.111 0.017
Portfolio #5 0.0052 0.0626 -.061 -009 -.019 -.047 0.077 -027 -116 -.074 -123 -.069 0.009 -.041
Portfolio #6 0.0042 0.0585 0.068 -146 -.069 -.086 0.148 0.029 -.134 -106 -218 -027 0.109 0.004
Portfolio #7 0.0028 0.0668 0.067 0.001 0.010 0.047 0.106 -.018 -068 -142 -143 -073 -101 -.124
Portfolio #8 0.0081 0.0557 -.093 -119 -.020 -.015 0.185 -.034 -002 -183 -.113 -021 0.004 0.101
Swiss Portfolios

Portfolio #1 0.0107 0.0484 -015 00115 -.132 0.072 -.014 0.084 -011 -037 0.000 -.044 -033 -.017
Portfolio #2 0.0084 0.0488 0.043 0.076 -.067 0.158 0.041 0.061 -.072 -.090 -.060 -.065 0.020 -.044
Portfolio #3 0.0050 0.0473 0.113 0.083 -.084 0.102 0.034 0.137 0.094 0.017 0.034 -070 -.046 -.,082
Portfolio #4 0.0085 0.0447 0.108 0.142 -139 0.111 0.072 0.016 0.048 -.124 0.002 -.037 0.071 -.073
Portfolio #5 0.0070 0.0573 -.011 0.061 -.023 0.100 0.054 0.014 0.028 -.018 -.063 0.019 -.033 0.027
Portfolio #6 0.0095 0.0643 -.017 0.023 -.043 0.064 0081 0.001 -069 -.041 -119 -110 0.077 -.081
Portfolio #7 0.0022 0.0565 0.045 -.042 -160 0.067 0018 0.133 -.117 0.007 -.176 -.096 0.030 0.031
Portfolio #8 0.0099 0.0591 0.003 0.57 -.112 0.199 0.071 0.090 -014 -061 -133 -.052 0.080 -.081
UK Portfolios

Portfolio #1 0.0041 0.0666 -008 -.032 0.086 -047 0.123 0.012 -056 0.047 -.059 0.015 0.042 0.009
Portfolio #2 0.0038 0.0675 0.018 -.069 0.045 -.039 0.109 -.002 -089 0.042 -.079 0001 0.038 0.041
Portfolio #3 0.0036 0.0536 0.123 -.002 0.068 -.028 0.124 -026 -062 0.068 -056 0039 0.021 0.077
Portfolio #4 0.0008 0.0582 0.062 0.006 0.058 -.042 0.142 0.002 -.057 0.032 -.100 0.028 0.049 0.062
Portfolio #5 0.0045 0.0779 -.043 0.045 0.001 -.079 0.124 0.009 -106 0.086 -.104 0.020 0.026 0.028
Portfolio #6 0.0027 0.0806 -.094 -.014 0.036 -.087 0.114 0.027 -129 0.096 -.074 0.010 0.045 -.001
Portfolio #7 0.0018 0.0706 -.015 -041 0.059 -.078 0.089 0.048 -084 0.036 -.111 -001 0.039 0.030
Portfolio #8 0.0038 0.0713 -.053 -.046 0.035 -.092 0059 -.006 -067 0.070 -.144 0.053 0.002 -.021
US Portfolios

Portfolio #1 -.0026 0.0493 0.021 0.084 -.008 -.059 0.043 0.132 0.025 0.067 -.130 0.007 -.031 0.113
Portfolio #2 -.0018 0.0461 -.058 -.007 -.016 -.019 -025 0.000 -038 -.028 -.026 -.032 0.113 -.009
Portfolio #3 0.0018 0.0439 -030 0.104 -.015 0024 -056 0.094 -.042 0.068 -.093 0.019 0.025 0.073
Portfolio #4 0.0008 0.0471 -085 0.087 -.091 0031 -043 0.223 -.189 0.126 -082 -014 -048 0.202
Portfolio #5 0.0002 0.0694 -140 0.118 -021 -031 -08 0.131 -121 0.094 -062 -.038 -.137 0.022
Portfolio #6 0.0023 00630 -059 0.132 0018 -025 -072 0212 -034 0093 -08 -036 -112 0.045
Portfolio #7 0.0018 0.0630 -.117 0.033 -036 -054 -087 0234 -024 0101 -134 -028 ~-.078 0.053
Portfolio #8 0.0010 0.0704 -005 0.188 0.085 0.042 0.099 0.219° -.065 0.060 -.071 -064 -.021 -.123
MSCI Indexes

Australia 0.0018 0.0804 -.176 0.067 -.073 0043 -093 -009 -.098 0251 -207 0.105 -.187 -.000
Canada 0.0011 0.0574 -.027 0.023 0.009 -.146 -.146 0.011 -106 0.125 -.084 -.072 -.152 -.002
France 0.0099 0.0685 -005 -.030 0.045 0.002 -.025 -.072 -043 -059 -.038 -046 0.034 0.173
Germany 0.0137 0.0638 -.026 0.036 -.048 0.127 0.173 -162 -039 -.053 0.057 -.058 -.018 -.013
Italy 0.0036 00773 -019 0005 0.284 -011 -062 0.012 -071 -039 0.003 -.138 -114 0.047
Japan 0.0097 0.0613 -120 0.148 -.080 0.144 -052 0.116 0.044 -136 0.085 0.005 0.018 0.033
Netherlands 0.0098 0.0519 -.022 -115 -.009 -.078 0.027 -087 0.023 -.061 0.009 0.005 -.009 -.000
Switzerland 0.0103 0.0547 -044 0.032 -032 0097 0.016 -018 -.08 -.024 -012 -129 -.09 0.016
U.K. 0.0106 0.0717 -.058 -.038 -.028 -.106 0.045 -.004 -071 0.077 -.091 -.004 0.053 -.008
U.SA. 0.0033 0.0487 -145 0.075 -.006 -.033 0.041 0.027 -124 0.054 -.064 -049 -.051 0.024
World Index 0.0053 0.0428 -.134 0.126 -.004 0.013 -.010 0.057 -.045 -039 -.032 -.029 -.028 0.051
PANEL B. Other Variables

US T-bill 0.0065  0.0021 0.805 0.707 0.687 0.689° 0.606" 0.532° 0.474 0.451 0.401 0.294 0.242°  0.270'
Unexpected I nflation

U.SA. -.0005 0.0029 0159 -.065 0.014 -086 0.229 0.226 0.071 0.074 -229 -051 0.027 -.004
World 0.0009 0.0427 -011 -044 -161 0.09% -.008 -063 0.043 -000 0.170 0.064 -.031 -.081
Foreign Exchange Common and Residual Component Indexes in US dollars

Common -.0065 0.0233 0.151 0.098 -.099 0.119 0.066 -.007 0.077 0.008 0.149 0.097 0.007 -.050
Idiosyncratic -.0065 0.0038  0.283 0.193 0.235 0.172 0.283 0.104 -.044 0101 0.021 0.048 -.116 -.022

38



Autocorrelations

Mean S.D. fiy i fis fy fis N

* Significant at the 5% level based on an approximate standard error of 1/%108=0.0962
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Table 4: Estimation of Exchange Rate Risk Premiums

The following model is estimated using an iterated Generalized Methods of Moments (GMM) procedure, and employing
the Newey-West estimator (the truncation parameter q was set equal to six):

(17 Ri= Go(1- b))+ bY R+ b+ by e+ d b+ byl 1+2,

where Ry is the return of equity portfoliok. Eight portfolios are constructed for each of the ten countries, i.e., eighty
portfoliosin total. The variables € and | denote the return on the residual and common component exchange rate
indexes. All returns are calculated in US dollarsin excess of the holding period return on the TreasuryBill which is closest
to 30 days to maturity. The data span the period from 1973:01-1990:12. The coefficients geand g' denote the risk
premiums with respect to the residual and common components of changes in the nine exchange rates against the US
dollar. The coefficients b, by ,and bL denote the betas of portfoliok with the world market portfolio, the residual, and
common component indexes of changes in exchange rates respectively. Their estimates are not reported. The coefficient
g, should be equal to zero if the model istrue. Asaproxy for the return on the world market portfolio, R", we use the
return on the MSCI world index. Country-specific risk premiums in the eighty equations system are estimated
simultaneously for all countries. We use only even observations for the estimation of the model, i.e., 108 observations
in total, since odd observations were previously utilized for the construction of portfolios. Beta and gamma coefficients

are estimated simultaneously. Corrected t-values for heteroskedasticity and serial correlation appear in parentheses bel ow
the coefficient estimates.

Country/ % F F ME? RMSEP RZ°

coefficient

Australia 0.03371 0.01007 -.00114 0.00075 0.06907 34.20
(0.36) (0.49) (-.05)

Canada 0.00204 -.00923 0.00365 -.00196 0.04933 31.70
(0.61) (-.53) (2.36)

France 0.02885 -.03171 -.00199 0.00028 0.05454 40.45
(0.99) (-.84) (-.16)

Germany 0.01232 -.00152 0.00513 0.00026 0.04229 45.92
(3.35) (-2.26) (2.67)

Japan 0.01177 -.00717 0.00921 0.00123 0.05475 34.24
(2.11) (-2.67) (4.63)

Switzerland 0.06468 -.00511 -.02039 -.00230 0.03633 54.00
(0.04) (-2.46) (-.40)

Italy 0.03927 -.08336 -.02880 0.00018 0.07454 11.04
(0.14) (-12) (-.10)

Netherlands 0.00247 0.01177 0.00794 0.00231 0.04764 36.10
(1.03) (2.96) (6.72)

UK 0.04502 -.02767 -.03528 0.00175 0.05122 4273
(0.23) (-.15) (-.20)

USA -.00131 0.00429 0.00420 -.00075 0.03788 68.26
(-.60) (0.62) (2.53)

Hansen:s Jr test®: +2(50)=54.51, p-value:0.30

3 Mean error from model (17) across portfolios. ® Root mean square error from model (17) across portfolios.



¢ Adjusted coefficient of determination, calculated in each case using the sum of square residuals from the relevant
portfolio returns.
4Hansen:s GMM test.
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Table5: Esimation of US Inflation Risk Premium

The following model is estimated using an iterated Generalized Methods of Moments (GMM) procedure, and employing
the Newey-West estimator (the truncation parameter g was set equal to six):

Re= & (1-by)+ bR+ d b, + bli+y (19)
where Ry is the return of equity portfoliok. Eight portfolios are constructed for each of the ten countries, i.e., eighty
portfoliosin total. The variable | denotes the innovationsin US inflation rate. All variables arein 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 coefficient gi denotes the US unanticipated inflation risk premium. The coefficients b, ,and

bL denote the betas of portfolio k with the world market portfolio, and the US unanticipated inflation. Beta estimates are
not reported in this Table. The coefficient g, 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 eighty
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. Corrected t-values for heteroskedasticity and serial correlation appear in
parentheses below the coefficient estimates.

Country/ & | ME? RM SE! RZ°
coefficient
Australia 0.0032¢ 0.01128 -.00392 0.0716¢€ 30.36
(-.96) (5.06)
Canada -.00021 0.00401 -.00264 0.05021 30.76
(-.09) (3.49)
France 0.003%4 0.00937 0.00020 0.0569¢2 36.34
(1.31) (8.85)
Germany 0.0053¢ 0.00593 0.00162 0.0491¢ 29.03
(2.84) (5.47)
Japan 0.031t 0.00653 0.00108 0.05891 25.49
(1.50) (5.88)
Switzerland 0.0090z 0.02013 0.00029 0.0435z 37.00
(1.12) (1.68)
Italy 0.0017z 0.00608 0.00091 0.07531 11.10
(0.58) (8.85)
Netherlands 0.00674 0.00824 0.00308 0.05227 25.93
(3.33) (8.00)
UK -.0065& 0.02294 0.00149 0.05327 38.96
(-.90) (1.71)
USA -.0022C 0.00475 -.00009 0.0417¢€ 64.76
(-1.69) (4.77)

Hansen=s Jr test®: +2(60)=43.9 p-value:0.94

3 Mean error from model (19) across portfolios. ® Root mean square error from model (19) across portfolios.

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

4Hansen:s GMM test.
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Table 6: Joint Estimation of Exchange Rate and | nflation Risk Premiums

The following model is estimated using an iterated Generalized Methods of Moments (GMM) procedure, and employing
the Newey-West estimator (the truncation parameter q was set equal to six):

(18) Ru= & (1-bY)+ bY R+ Fbf+ bfa+d by + b1+ g b+ byig+ o b+ Biu+ %

where Ry is the return of equity portfoliok. Eight portfolios are constructed for each of the ten countries, i.e., eighty

portfoliosintotal. Thevariableseand | denote the return on the residual and common component exchange rate indexes.
The variable | denotes the innovations in US inflation rate, whereas the variable uthe innovations in residual world
inflation orthogonal to US unanticipated inflation. All variables arein US dollarsin 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

coefficients ge,gI denote risk premiums with respect to the residual and common components of changes in the
exchange rates, and gi ,g“ denote risk premiums with respect to the US unanticipated inflation rate, and the residual world

unanticipated inflation rate. The coefficients b, , bﬁ, b'k ,bL ,and b‘; denote betas of portfoliok with the world market
portfolio, the idiosyncratic and common component exchange rate indexes, the US unanticipated inflation, and the
residual world unanticipated inflation respectively. The beta estimates are not reported here. If the model is true,
then g, = 0.As aproxy for the return on the world market portfolio, RY, we use the return on the MSCI world index.
Country-specific risk premiums in the eighty equations system are estimated simultaneously. Only even observations
for the period 1973:01-1990:12 are used, i.e., 108 observationsin total, since odd observations were previously used for
the construction of portfolios. Corrected t-values for heteroskedasticity and serial correlation appear in parentheses
below the coefficient estimates.

Country/ % & F g g ME2 RMSE RZ°
coefficient

Australia -.01688 0.00316 0.01123 0.01242 0.00260 0.00066 0.06792 34.64
(-.14) (0.70) (0.25) (0.66) (0.12)

Canada 0.00960 0.02704 0.00213 0.00233 -.00703 -.00071 0.04900 47.94
(0.22) (1.26) (1.12) (1.12) (-.20)

France 0.00272 0.00380 0.00334 0.00041 0.00762 -.00165 0.05383 42.94
(0.25) (1.47) (0.39) (0.40) (0.35)

Germany 0.01617 -.00126 0.00909 0.00564 0.01310 -.00034 0.04142 51.55
(1.12) (-13) (2.54) (1.09) (0.39)

Japan 0.01096 -.03497 0.02196 -.00113 0.00295 -.00005 0.05442 36.70
(0.18) (-.80) (0.23) (-.10) (1.04)

Switzerland 0.03324 0.00151 0.01885 0.04928 0.00141 0.00067 0.03558 61.87
(0.24) (0.89) (2.26) (1.16) (1.09)

Italy -.00273 0.00547 0.00625 0.00215 0.00763 -.00017 0.07404 14.06
(-.42) (1.15) (1.99) (0.28) (1.29)

Netherlands 0.05106 -.00990 0.01186 0.04191 -.00253 0.00085 0.04712 35.76
(0.15) (-.70) (0.34) (1.61) (-.55)

UK 0.01909 -.00461 -.00625 0.00098 -.00804 0.00004 0.05101 41.91
(0.19) (-.19) (-.60) (0.32) (-.71)

USA 0.00362 0.01181 0.00883 0.00017 0.00703 0.00012 0.03738 74.29
(0.09) (0.14) (0.11) (1.96) (0.60)

Hansen=s Jr test®: +?(30)=35.65 p-value:0.22

3 Mean error from model (18) across portfolios. ® Root mean square error from model (18) across portfolios.



¢ Adjusted coefficient of determination, calculated in each case using the sum of square residuals from the relevant
portfolio returns.
4Hansen=s GMM test.



Table 7: Diagnostics

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 Hansen=s J-test 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-West D-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 caseisthe AD model with country-specific risk premiums. The unrestricted models are the
GL S and S-S models with country-specific risk premiums. All tests are performed using the 80 equations systems.

GLS mode S-Smode AD model

Panel A: Equality of risk premiums across countries

Unrestricted Model +%(50)=54.51 +%(60)=43.9 +%(30)=35.65
p-value: 0.30 p-vaue: 0.94 p-vaue: 0.22
Restricted Model +%(77)=105.68 +%(78)=92.81 +(75)=88.67
p-value: 0.0167 p-value: 0.12 p-vaue: 0.13
Newey-West +%(27)=51.17 +%(18)=48.91 +%(25)=53.02
D-Test p-value: 0.003 p-value: 0.0001 p-value: 0.0009

Panel B: Relative performance of the three models

Unrestricted Model +%(30)=35.65
p-vaue: 0.22
Restricted Model +%(60)=79.75 +%(50)=71.43
p-value:0.045 p-value:0.02
Newey-West +%(30)=44.10 +%(3)=35.78
D-Test p-value:0.047 p-value:0.016
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Table 8: Summary Statistics on Beta Coefficient Estimates

The summary statistics for the beta coefficients are from the eighty equations systems. World betas are denoted
by b%,common component exchange rate betas by b' ,residual component exchange rate betas by b®,US

unanticipated inflation betas by b',and finally, residual (to the US unanticipated inflation) world inflation betas

by b" . The Aaverage coefficient value is the average value of the beta coefficient across the eighty portfolios. Average

standard errors and t-values across the eighty portfolios are reported in the columns labeled “ average standard error”,
and “averaget-value’. 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 acrossthe
ten countries. The“ cross-country dispersion” refersto the standard deviation of the beta coefficients across the eighty
portfolios.

Beta Coefficient Average Average Average Average Cross Cross-Country
Coefficient Sandard Error t-value Sectional Dispersion
Value Dispersion

The Solnik-Sercu Model: R = gy (1- by ) + by RI'+ g° b+ bi g+ d bl + by | (+2,,

b 0.751 0.162 5.030 0.139 0.199
b' 0414 0.247 1977 0.152 0.659
be 1.197 1401 0.804 0.680 1.904

The Grauer, Litzenberger, and StehleModel: R = g, (1-by)+ by R"+d b, + by i +Y

b" 0.847 0.147 6.176 0125 0.166

b 0112 1.359 0.125 0.765 108

Ra= G (1-by)+ by R+’ bl + bie+d b\ + b |,
+d b+ byic+ d' b+ Biut+ X,

The Adler and Dumas Model:

b" 0.739 0.164 4.869 0.136 0.197
b' 0572 0.744 0914 0.382 1214
be 1.587 1.502 1015 0.809 2.060
b’ -.869 1321 -.689 0.847 1322
b -091 0.386 -314 0217 0452

46



Table9: Estimation of Average Cross-Country Exchange Rate and Foreign Inflation Risk Premiums

Average cross-country exchange rate and foreign inflation risk premiums are estimated using an iterated Generalized
Methods of Moments (GMM) procedure, and employing the Newey-West estimator (the truncation parameter q was set
equal to six). Each of the three models, namely the Solnik-Sercu model, the Grauer, Litzenberger, and Stehle model and
the Adler and Dumas model are estimated using two alternative sets of data. The first estimation uses as |eft-hand-side
(LHS) variables the eighty portfolios constructed according to the methodology described in Section 2.2. The second
estimation uses as LHS variables the M SCI country indexes of the ten countriesin our sample. All variables are expressed

in terms of US dollars. The data span the period from 1973:01-1990:12. The coefficients ge ,gI denoterisk premiums with

respect to the residual and common components of changes in the exchange rates, and gi ,g“ denote risk premiums with
respect to the US unanticipated inflation rate, and the residual world unanticipated inflation rate, orthogonal to the US
unanticipated inflation rate. The coefficients b}, bE, b'k ,bik ,and bi denote betas of portfolio k with the world market
portfolio, the residual and common component exchange rate indexes, the US unanticipated inflation, and the residual
world unanticipated inflation respectively. The estimates of beta coefficients are not reported in this Table. If the model
istrue, theng,= 0.Asaproxy for the return on the world market portfolio, R, we use the return on the MSCI world
index. When the models are estimated using as LHS variables the eighty portfolios, we use only the even observations
for the period 1973:01-1990:12, i.e., 108 observationsin total. The odd observations were utilized for the construction of
portfolios. The estimations of the models that use as LHS variables the ten MSCI indexes employ all data points, i.e., 216

observations in total. In all cases, beta and gamma coefficients are estimated simultaneously. T-values corrected for
heteroskedasticity and serial correlation appear in parentheses bel ow the coefficient estimates.

N Ey Ey E & ME RMSE’ R2¢ It

The Solnik-Sercumodel: R = g, (1- by)+ b)R¥+ g’ b + bl g +d b\ + by | (+ 2,

Eighty -.0085 0.0105 0.0071 000017 0.05307 39.01 +%(50)=54.5
portfolios  (-1.75) (19.16) (30.99) p-value: 0.30
MSCI 00005 00105 0.0065 000015 0.05099 4959 +%(7)=3.65
indexes (2.63) (5.69) (15.58) p-value: 0.82

The Grauer, Litzenberger, and Stehlemodel: Ry, = @, (1- b))+ by R+ d b} + by i +Y

Eighty -0.0003 0.0071 0.00012 005627 3626 +%(78)=74.8
portfolios (-0.72) (44.02 p-value: 0.58
MSCI 0.0008 0.0078 000010 0.05244 4329 +%(8)=351
indexes (4.88) (6.76) p-value: 0.90

Ri= & (1-b)+ by R+ b+ bie+d b, + b, |
+d bl + b+ d' b+ Biu+ %,

The Adler and Dumas model:

Eighty -.0006 0.0106 0.0075 0.0081 0.0051 0.00005 005249 4444 +%(75)=75.63
portfolios  (-1.09) (13.74) (38.33) (34.73 (2.46) p-value: 0.52
MSCI 0.0003 0.0134 0.0076 0.0089 0.0014 0.00003 0.04898 5051 +%(5)=1.19

indexes (0.83) (3.86) (6.08) (4.50) (012 p-vaue: 0.94

47






Table 10. Estimation of the S-S, GL Sand AD Models. | ndividual-Country Tests

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 coefficients ge,gI denote risk premiums with respect to the residual and common
components of changes in the exchange rates, and gi ,gu denote risk premiums with respect to the US unanticipated
inflation rate, and the residual world unanticipated inflation rate. If the model istrue, theng, = 0.0Only even observations

for the period 1973:01-1990:12 are used, i.e., 108 observationsin total, since odd observations were previously used for
the construction of portfolios. Corrected t-values for heteroskedasticity and serial correlation appear in parentheses
below the coefficient estimates. The numbers in square brackets denote t-values for the same coefficients calcul ated,
however, using nonlinear least squares standard errors.

n

Country/ & g & E A J.¢
model
Australia
SS 0.0214 0.0727 0.0016 +2(5)=0.81
(0.56) (1.43) (019 p-value: 0.97
[0.52] [0.83] [0.16]
GLS -.0106 0.0141 +2(6)=6.29
(-2.08) (3.31) p-vaue: 0.39
[-2.25] [2.98]
AD 0.0140 0.0707 -.0011 0.0271 0.0113 +2(12)=0.43
(0.29) 043 (-.06) (0.28) (0.37) p-value: 0.99
[0.28] [0.41] [-.06] [0.25] [0.35]
Canada
SS 0.0022 -.0040 0.0024 +2(5)=2.70
(0.50) (-20) (1.06) p-value: 0.74
[053] [-.24] [1.03]
GLS -.0014 0.0044 +2(6)=7.43
(-.73) (3.37) p-value: 0.28
[-.75] [3.33
AD -.0307 -.0278 0.0233 0.0243 -.0018 +2(12)=1.43
(-.25) (-.22) (0.32) (0.33) (-.02) p-vaue: 0.99
[-.19] [-.26] [0.22] [0.23] [-.01]
France
SS 0.0011 -0151 -.0380 +2(8)=2.99
(0.16) (-.31) (-33) p-value: 0.70
[0.15] [-.32] [-.30]
GLS 0.0011 0.0127 +2(6)=2.97
(012 (5.57) p-value: 0.81
[0.13] [3.56]
AD 0.0031 0.0051 0.0063 0.0112 -.00%4 +2(12)=1.72
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Country/ &, 'y & E g NI

model
(0.38) (0.49 (1.50) (6.33) (-43) p-value: 0.99
[0.25] [0.37] [0.54] [243] [-.40]

Germany

SS 0.0095 0.0014 0.0063 +2(5)=5.16
(3.43) (0.30) (4.30) p-value: 0.39
[2.15] [0.33] [3.65]

GLS 0.0055 0.0056 +2(6)=6.31
(2.25) 4.73) p-value: 0.39
[210] [4.39]

AD 0.0146 -0131 0.0029 0.0004 -.0403 +2(12)=0.82
(1.48) (-73) (0.55) (0.08) (-98) p-value: 0.99
[1.20] [-.67] [0.56] [0.07] [-.90]

Japan

SS 0.0144 -0118 0.0111 +2(5)=0.818
(1.76) (-.79) (2.73) p-value: 0.97
[1.78] [-.97] [252]

GLS 0.0087 -.0047 +2(6)=6.18
2.07) (-41) p-value: 0.40
[0.98] [-43]

AD 0.0146 -0115 0.0107 0.0030 -.0105 +2(12)=0.46
(0.83) (-.59) (1.59) (0.30) (-.26) p-value: 0.99
[0.81] [-.73] [1.76] [0.28] (-22)

Switzerland

SS 0.0023 0.0148 0.0025 +2(5)=8.62
(0.32) (219 0.77) p-vaue: 0.13
[0.12] [3.22] [1.60]

GLS -.0063 0.0305 +2(6)=8.05
(-1.55) (2.05) p-vaue: 0.23
[-1.45] [197]

AD -.0004 -.0062 0.0093 -.0634 -.0181 +2(12)=4.41
(-.03) (-.35) (2.08) (-77) (-1.48) p-vaue: 0.97
[-.25] [-.33] [1.99] [-.79] [-1.37]

Italy

SS -.0024 0.0157 0.0086 +2(5)=2.77
(-.48) (1.95) (6.14) p-value: 0.73
[-.54] [1.69] [4.37]

GLS -.0007 0.0053 +2(6)=2.94
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Country/ & & & g g J:°

model
(-.16) (542 p-value: 0.81
[-22] [4.62]

AD -0131 -.0293 0.0070 0.0122 0.0178 +2(12)=1.20
(-.38) (-34) (1.26) (0.89) (0.61) p-value: 0.99
[-.34] [-.33] [115] [0.79] [0.59]

Netherlands

SS 0.0045 0.0093 0.0092 +2(5)=3.23
(253) (2.18) (10.86) p-value: 0.66
[1.40] [2.00] [6.57]

GLS 0.0059 0.006 +2(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 +2(12)=0.94
(0.62) (0.87) (0.17) (1.06) (0.07) p-value: 0.99
[0.48] [0.15] [0.62] [0.86] [0.07]

UK

SS -.0250 0.0143 0.0314 +2(5)=0.34
(-.46) (0.44) (0.60) p-value: 0.99
[-.46] [0.55] [057]

GLS -.0024 0.0150 +2(6)=8.72
(-1.04) (1.70) p-value: 0.19
[-.95] [1.65]

AD -.0251 0.0157 0.0317 0.0751 -.0059 +2(12)=0.33
(-3D) (0.10) (0.39) (041) (-.02 p-value: 0.99
(-.29) [0.09] [0.33] [0.31] [-.02]

USA

SS -.0018 0.0045 0.0051 +2(5)=3.99
(-.65) (0.57) (3.96) p-value: 0.55
[-.68] [0.61] [3.88]

GLS -.0015 0.0050 +2(6)=3.19
(-84 (4.74) p-value: 0.78
[-.90] [5.10]

AD 0.0009 0.0147 0.0068 0.0045 0.0206 +2(12)=2.67
(0.28) .71 (459 (3.73) (1.33) p-value: 0.99
[0.27] [1.46] [4.03] [3.55] [117]

d Hansen=s GMM test.
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Figure 1: World market betas The coefficients are from the estimation of model (18). The upper part of the graph
depictstheindividual beta coefficient for each of the eighty portfolios, plus - minus one standard error. The lower part
of the graph reports the average beta value in each country.
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Figure 2: Common component exchange r ate 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 eighty portfolios, plus - minus one
standard error. The lower part of the graph reports the average beta valuein each country.
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Figure 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 eighty portfolios, plus - minus one
standard error. The lower part of the graph reports the average beta value in each country.
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Figure 4. US unanticipated inflation betas. The coefficients are from the estimation of model (16). The upper
part of the graph depictstheindividual beta coefficient for each of the eighty portfolios, plus - minus one standard error.
The lower part of the graph reports the average betavalue in each country.
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Figure5: World unanticipated inflation betas. The coefficients are from the estimation of model (16). The upper
part of the graph depictstheindividual beta coefficient for each of the eighty portfolios, plus - minus one standard error.
The lower part of the graph reports the average betavalue in each country.




