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The World Price of Covariance Risk
CAMPBELL R. HARVEY*

ABSTRACT

In a financially integrated global market, the conditionally expected return on a
portfolio of securities from a particular country is determined by the country’s
world risk exposure. This paper measures the conditional risk of 17 countries. The
reward per unit of risk is the world price of covariance risk. Although the tests
provide evidence on the conditional mean variance efficiency of the benchmark
portfolio, the results show that countries’ risk exposures help explain differences in
performance. Evidence is also presented which indicates that these risk exposures
change through time and that the world price of covariance risk is not constant.

IN A WORLD WITH increasingly integrated financial services, why do industri-
alized countries have much different average stock returns? Why have
Japanese stocks done so well compared to all other countries through 1989
and so poorly recently? If we view countries as stock portfolios in a global
market, asset pricing theory suggests that cross-sectional differences in
countries’ risk exposures should explain the cross-sectional variation in
expected returns.

This paper tests whether conditional versions of the Sharpe (1964) and
Lintner (1965) asset pricing model are consistent with behavior of returns in
17 countries. Country risk is defined as the conditional sensitivity (or covari-
ance) of the country return to a world stock return. This risk is allowed to
vary through time. The reward per unit of sensitivity is the world price of
covariance risk. Conditional covariances are calculated for each country. The
differences in the countries’ conditional covariances should explain the differ-
ences in national performance if there is only one source of risk.

The empirical results indicate that the time-varying covariances are able
to capture some, but not all, of the dynamic behavior of the country returns.
This could be due to incomplete market integration, the existence of more
than one source of risk, or some other misspecification. The world price of
covariance risk is also calculated. This measure exhibits significant time
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University and conference participants at the American Finance Association meetings, the
CRSP Fall Seminar and First International Conference of the Centre for Research in
Finance—IMI Group. Arthur Evans provided valuable research assistance. I am especially
indebted to René Stulz who provided many insights that greatly improve this paper.
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variation, which indicates the investor’s expected compensation per unit of
country risk exposure changes through time in a partially predictable way.

My paper is organized as follows. In the first section, the econometric
methodology is introduced that measures the conditional moments of the
country and world stock returns. The data are documented in the second
section. The empirical results are presented in the third section. Some
concluding remarks are offered in the final part.

1. Methodology
A. An International CAPM with Time-Varying Moments

A number of studies have examined asset pricing relations with interna-
tional data. The tests of the Sharpe (1964) and Lintner (1965) asset pricing
model have been executed by Solnik (1974), Stehle (1977), and others.!
Multifactor asset pricing models have been tested by Cho, Eun, and Senbet
(1986), Hamao (1988), Gultekin, Gultekin, and Penati (1989), and Korajczyk
and Viallet (1989). Finally, Wheatley (1988) tested the restrictions implied
by the consumption-based capital asset pricing model. All of these studies
assess unconditional moment restrictions implied by the models, i.e., do
cross-sectional differences in average risk explain the differences in average
returns?

This study focuses on conditional asset pricing restrictions. The conditional
version of the Sharpe (1964) and Lintner (1965) capital asset pricing model
restricts the conditionally expected return on an asset to be proportional to
its covariance with the market portfolio. The proportionality factor is the
price of covariance risk which is the expected compensation (expected return)
that the investor receives for taking on a unit of covariance risk. The model
is:

E[rmt|ﬂt—1]

Elr. =
[rjt | ﬂt_ll Var[rmt | Qt-l]

COV["ju"mtlnt—J’ (1)
where r;; is the return on a portfolio of country j equity from timet — 1 to t
in excess of a risk free return, r,, is the excess return on the world market
portfolio, and @, _; is the information set that investors use to set prices. The
ratio of the conditionally expected return on the market index E[r,,|Q,_,]to
the conditional variance of the market index Var[r,, | ,_,]is the world price
of covariance risk.

There are a number of issues that arise when applying the model to
international data. For the Sharpe-Lintner model to hold internationally,
Stulz (1981) demonstrates that some auxiliary assumptions must be made. A
sufficient assumption is perfect correlation between the world market portfo-
lio and world consumption. This assumption or equivalent distributional
assumptions are implicit in this study’s application of the Sharpe-Lintner

1See the references in Solnik (1977) and Stulz (1984).
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model.? Alternatively, one can view the model as testing the mean-variance
efficiency of the world market portfolio.

The empirical implementation of the model takes the view of a global
investor whose returns are calculated in U.S. dollars. In other words, the
investor is unhedged in exchange rates. Consistent with this assumption, the
nominal return on the U.S. Treasury bill that is 30 days to maturity is
conditionally risk-free. That is, when the investor buys a 30-day bill, the
nominal return is conditionally known. Furthermore, the excess return is
real because the U.S. inflation component in the stock return is cancelled out
by the inflation component in the bill return.?

B. Econometric Specifications

Some additional structure must be imposed before equation (1) is testable.
In particular, a model must be specified for the conditional first moments.
Assume that investors process information using a linear filter:*

wy=ry—Zy_ 19, (2)

Jt

where u;; is the investor’s forecast error for the return on country j, Z,_, are
I information variables that are available to the investor, and §; is a set of
time-invariant weights that the investor uses to derive the conditionally
expected returns.

Given the assumption on the conditional first moments, we can rewrite (1):

Z, 5,
Z, .5, = mE[uﬁumt‘Zt—l]’ (3)

where u,,, is the investor’s forecast error for the return on the world market
portfolio. Notice that E[u2,|Z, ;] is the definition of conditional variance
and Elu,u,,|Z, ,]is the conditional covariance. Also, equation (3) is condi-
tioned on Z, , which is the subset of the true information set.® Next,

2Stulz’s (1981) international capital asset pricing model assumes that representative investor
has state-independent von Neuman-Morgenstern expected utility. Some recent research has
considered non-von Neuman-Morgenstern utility. In particular, the assumption that the investor
is indifferent about the resolution of uncertainty is dropped. Epstein and Zin (1988) and
Giovannini and Weil (1988) provide a description of the conditions where the conditional
Sharpe-Lintner model obtains.

3However, this does not imply that real returns are independent of inflation. Evidence on the
relation between stock returns and inflation is presented in Gultekin (1983) and Solnik (1983).

4Sufficient distributional conditions that imply linear conditional expectations involve the
joint distribution of the returns and the information variables falling into the class of spherically
invariant distributions. This class of distributions is described in Vershik (1964) and Blake and
Thomas (1968) and applied to conditionally expected stock returns in Harvey (1990).

5Since Z C @ (the true information set), the expectation of the true conditional covariance is
not the covariance conditioned on Z. Conditioning on the specified information,
E[Cov(rjg, Ty | R_1) | Zy_ 1) = Cov(ryg, Tyl Zy_ 1) — Cov(Elr; | R 1), Elr,.|Q,_111Z;_y). A
similar result holds for the conditional variance (where r, =r,,). As a result, equation (3)
should be viewed as an approximation. The model conditioned upon € is untestable because € is
not observable.
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~multiply both sides of (3) by the conditional variance:
E[u?ntzt—lajlzt—l] = E[ujtumtzt—18m|zt—1]‘ (4)

Notice that the conditionally expected returns on the market and the country
portfolio are moved inside the expectation operators. This can be done
because they are known conditional on the information Z,_,. The deviation
from the expectation is:

hjt = u?ntzt—laj - ujtumtzt—l‘sm’ (5)

where A, is a disturbance that should be unrelated to the information under
the null hypothesis that the model is true. If h;; is divided by the conditional
variance of the world market return, it can be interpreted as the deviation of
the country’s return from the return predicted by the model. In other words,
hj is a pricing error. A negative pricing error implies the model is overpric-
ing while a positive pricing error indicates that the model is underpricing.

The econometric model to test the asset pricing restrictions is formed by
combining equations (2) and (5):

[rt - Zt—la]’

&= (u, u, h)= [Tt = Zy_18,,] ) (6)
[u%ntzt—ls - umtutzt—ﬂsm]'

where u is a 1 X n (number of countries) vector of innovations in the
conditional means of the country returns. The model implies that Ele,|Z,_,]
= 0. With n countries, there are n + 1 columns of innovations in the
conditional means (u and «,,) and n columns in h. If there are ! information
variables, there are [l X (2n + 1)] orthogonality conditions. However, there
are [l X (n + 1)] parameters to estimate, which implies there are [ X n
overidentifying conditions.®

Hansen’s (1982) generalized method of moments (GMM) is used to estimate
the parameters in equation (6). The GMM forms a vector of the orthogonality
conditions g = vec(e'Z) where ¢ is the matrix of forecast errors for T observa-
tions and 2n + 1 equations, and Z is a T x [ matrix of observations on
thepredetermined instrumental variables. The parameter vector & is chosen
to make the orthogonality conditions as close to zero as possible by minimiz-
ing the quadratic form g'wg where the w is symmetric weighting matrix that
defines the metric used to make g close to zero. The consistent estimate of w
is formed by
-1

T
ti_:l (et ® Zt—l)'(et ® Zt—l)

However, € depends on the parameters. As a result, the estimation proceeds
in stages. An initial estimate of the parameters is obtained by using an

5This formulation is explored in the context of returns on the New York Stock Exchange by
Harvey (1989) and Huang (1989).
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identity matrix for w. These parameters are used to calculate € and a new
weighting matrix. The estimation procedure is repeated with this new
weighting matrix. Hansen provides the conditions that guarantee that the
estimates are consistent and asymptotically normal.

The minimized value of this quadratic form is distributed x2 under the
null hypothesis with degrees of freedom equal to the number of orthogonality
conditions minus the number of parameters. This x2 statistic, which is
known as the test of the overidentifying restrictions, provides a goodness of
fit test for the model. A high x? statistic means that the disturbances are
correlated with the instrumental variables. This is a symptom of model
misspecification.

In a system of many equations, the test of the overidentifying restrictions
does not tell us where the model is failing. One possible solution is to
estimate equation (6) for individual countries. Even with one country, (6)
provides a test of the model’s restriction that the conditionally expected
excess return on a country portfolio is proportional to its conditional covari-
ance with the world return. However, the single country test does not impose
the cross-country restriction that the proportionality factor (the world price of
covariance risk) is the same for each country. The single country tests are
weaker because fewer restrictions are being imposed. However, statistical
rejections in the single country estimation may provide valuable insights as
to where the model is failing. Another possibility is to examine subsets of the
disturbances; in particular, the errors implied by the asset pricing model’s
restrictions e. An additional test is to regress the disturbances for a particu-
lar country portfolio on the set of instruments. If the model is correct, the R>
should be zero.

C. World Price of Covariance Risk

In the framework of equation (6), all of the conditional moments—the
means, variances, and covariances—are allowed to change through time. If
some of these moments are constant, then more powerful tests can be
constructed by imposing this additional structure.

Traditionally, asset pricing tests have focused on whether expected returns
are proportional to the expected return on a benchmark portfolio. This
restriction can be imposed and tested:

k,=r, - r,B, (7)
where B is a n-vector of coefficients. This coefficient vector can represent the

ratios of conditional covariances of the country excess returns to the condi-
tional variance of the benchmark return.” The model implies that

"There is an alternative interpretation of equation (7). Since the coefficient is not restricted in
the estimation to be the ratio of the conditional covariance of the country excess return to the
conditional variance of the benchmark return, (7) can be interpreted as a single factor latent
variables test [see Hansen and Hodrick (1983), Gibbons and Ferson (1985), and Ferson (1990)].
In this test, the coefficient represents the ratio of the covariance of the country’s return and the
single factor to the covariance of the benchmark’s return and the single factor.
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Elk,|Z,_,] = 0 where k, is the pricing error associated with this implemen-
" tation of the asset pricing model. There are [ X n orthogonality conditions
and n parameters to estimate leaving [ X (n — 1) orthogonality conditions to
be tested. An advantage of equation (7) is that the models for conditional
means need not be specified.
Another version of the model assumes that the reward to volatility ratio is
constant. In our context, the reward to volatility is the world price of
covariance risk. Imposing this restriction results in:

€, =T — NylU,,, (8)

where \ is the ratio of the conditionally expected return on the market
divided by the conditional variance, and e, is the pricing error associated
with the assumption of a constant price of covariance risk. In contrast to
equation (7), it is necessary to have a model for the conditional means in (8).
The system is: :

[rt - Zt—15]'
g.=(u, u, €)= [Pt = Ze_18,]" | - 9)
[rt - )\(umtut)],

With n assets, there are n + 1 columns in u and u,, and n columns in e. If
there are [ instrumental variables, there are [l X (2n + 1)] orthogonality
conditions and [1 + I X (n + 1)] parameters to estimate. As a result, there
are I X n — 1 overidentifying restrictions to be tested.

It is possible to simplify the estimation in equation (9) by noting that
Elu,uy|Z,_,1 = Elu,,r;|Z,_,1.° This allows us to drop the n equations for
the conditional means of the country returns. The more parsimonious system
is:

[rmt - Zt—lam]’ )l ) (10)

[rt - )\( umtrt)] ’

This system has n + 1 equations and [ X (n + 1) orthogonality conditions.
With [ + 1 parameters, there are | X n — 1 overidentifying restrictions. This

M= (U ©) = (

8Using a different data set, Giovannini and Jorion (1989) provide maximum likelihood
estimation of equation (8) where the covariance is parametered to be a non-stochastic function of
the current information set.

9This follows from

ElupuilZe 1] = E[upm(rj — Ze_18;)1Z,_4]
= E[upri|Z_ 1] — E[umZ: 18,12, ]
=E[upmri)Ze 1] = E[um|Z ]2 18;
= E[upriilZ,_1],

since Elu,, |Z,_,1=0.
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is the same number of restrictions as equation (9), and hence the systems (9)
and (10) are asymptotically equivalent. However, in the context of the
estimation, the dimensionality of the w matrix is much smaller in equation
(10) and much more computationally manageable.

D. Time Variation in the Reward Per Unit of Risk

The constancy of the world price of covariance risk can be tested. The
definition of a constant reward to volatility ratio is:

E[rmt |Zt—1]

E[u?nt‘zt—ll - (11)

Multiply both sides by the conditional variance:
E[rmt|Zt—1] z)\E[u?nt‘Zt—l]' (12)

This implies that the conditional mean of the market return is proportional
to the conditional variance. To test this assumption, the following system can
be estimated:

(13)

£ = (umt emt) _ <[rmc - Zt~18m]/> '

[rmt - )\u?nt],

This system has I — 1 overidentifying conditions.

It is also interesting to look at country-specific reward to volatility, i.e., the
ratio of the country’s conditionally expected return to its own conditional
variance. If global markets are not financially integrated, then the ratio of
country expected return to country variance is the relevant measure that
transforms conditional covariance into expected return. This country-specific
reward to volatility can be estimated by substituting the country returns into
equation (13). The system also provides a test of whether the ratio is constant
through time.

E. Country Performance

A country’s performance is determined by its return in excess of the
expected return given its riskiness. The pricing error is a measure of perfor-
mance. A positive pricing error implies that the country earned more than
expected given its level of risk. Of course, performance is measured under the
null hypothesis that the model is correct. If the model is misspecified, then
we cannot say which countries earned abnormal returns.

A useful measure of performance is the mean pricing error. In the context
of system (9) which assumes a constant world price of covariance risk, this
measure is defined as:

Mean Error =

M~
o

(14)

S| =
(o
1l
n
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For Japan, if this measure is small or negative, then the results would
indicate that the Japanese market has not done as well as is popularly
believed. The patterns of the abnormal performance measure could also be
examined in particular subperiods.

Another summary measure is the mean absolute pricing error:

1 T
Mean Absolute Error = T > leqls (15)

t=1
where | - | is the absolute value operator. The mean pricing error indicates

whether the performance is at the level of the expectations on average. Two
countries may have the same mean error but very different performance
through time. The mean absolute value captures the magnitude of the
deviations from the mean. However, there is no reason to believe that the
mean absolute error should be zero. This measure is included as a summary
measure of the difference between the expected returns conditional on the
model being correct and the actual returns.!®

II. Data and Summary Statistics
A. Data Sources

Most of the data in this study are drawn from Morgan Stanley Capital
International (MSCI). Monthly data on equity indices for 16 OECD countries
and Hong Kong are available from December 1969 to May 1989.!! These
indices are value weighted and are calculated with dividend reinvestment.
Morgan Stanley also calculates a value weighted world equity index which
serves as the world market portfolio. ’

The MSCI international indices are composed of stocks that broadly repre-
sent stock composition in the different countries. Almost all the stocks (99%)
can be readily purchased by non-nationals.'? Although the MSCI indices are
weighted towards larger capitalization stocks, the returns are similar to
widely quoted country index returns. For example, there is a 99.1% correla-
tion between the MSCI U.S. return and the New York Stock Exchange
value-weighted return calculated by the Center for Research in Security
Prices (CRSP) at the University of Chicago. For Japan, there is a 93.8%

An alternative measure of the deviation is the root mean squared error. Since similar
patterns were found in the mean absolute errors and the root mean squared errors, only the
mean absolute errors are reported.

1The 16 OECD countries are Australia, Austria, Belgium, Canada, Denmark, France, Ger-
many, Italy, Japan, the Netherlands, Norway, Spain, Sweden, Switzerland, the United Kingdom,
and the United States. Morgan Stanley also has data on Finland and New Zealand but only
since December 1987. Data is available for Singapore/Malaysia, but dividend data is not
available for the full period. As a result, these countries are omitted from the empirical analysis.

2Cumby and Glen (1990) note that only 1% of the securities followed by Morgan Stanley
Capital International are not available to non-nationals. This group is composed of Swedish
bank stocks and some Swiss registered shares.
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Appendix Table A-I

The Composition of the Morgan Stanley Capital International Indices
On March 31, 19892

Number of Weight in Market value

Companies MSCI World of Companies

Country Included Index billion U.S. $
Austria 15 0.1 5.6
Belgium 22 0.6 32.9
Denmark 27 0.3 15.1
Finland 21 0.3 13.2
France 83 2.6 132.9
Germany 57 2.7 141.7
Italy 68 14 73.8
Netherlands 24 1.3 70.0
Norway 18 0.2 12.7
Spain 31 1.0 50.0
Sweden 38 1.0 52.3
Switzerland 52 1.6 77.6
U.K. 136 8.4 438.6
Europe 592 21.4 1116.4
Australia 66 1.3 71.0
Hong Kong 21 0.9 44.7
Japan 265 42.9 2224.9
New Zealand 13 0.2 8.0
Singapore /Malaysia 53 0.6 29.3
EAFE 1021 67.3 3494.3
Canada 89 2.5 131.0
South African Gold Mines 21 0.2 10.3
U.S. 335 30.0 1555.5
World 1466 100.0 5191.1

*From Morgan Stanley Capital International Perspective First Quarter, 1989.

correlation between the MSCI return and the Nikkei 255 return.!® An
important difference between the MSCI indices and other national indices
such as CRSP is the exclusion of investment companies and foreign domiciled
companies. These stocks are excluded to avoid double counting. Appendix
Table A-I provides a description of the number of companies included in the
country indices and the market value of these companies as of March 31,
1989. The weight that each country commands in the MSCI world index is
also reported.

30ver the 1970:2-1988:12 period, the mean return on the CRSP value weighted index is
0.40% per month with 4.83% standard deviation. Over the same period, the MSCI U.S. index
has a mean return of 0.33% and standard deviation of 4.70%. The difference in mean return and
standard deviation is due to the MSCI index using fewer small stocks. For Japan, the mean
return on the Nikkei 225 is 1.13% with a standard deviation of 5.70%. The MSCI Japan index
has an average return of 1.34% and a standard deviation of 6.09%.
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McDonald (1989) and French and Poterba (1989) show that the MSCI world
index gives too much weight to the Japanese stocks because of the large
amount of cross-corporate ownership. I investigated an alternative index, the
FT-Actuaries World Index which is compiled by The Financial Times, Gold-
man, Sachs and Co., and Country NatWest/Wood Mackenzie. Unfortunately,
the FT-Actuaries index suffers from the same problem. In March 1989, Japan
composed 42.9% of the MSCI index and as of June 1989, 40.7% of the
FT-Actuaries index. The cross ownership problem is not restricted to Japan.
Substantial intercorporate ownership is prevalent in other countries such as
Germany.

All returns are calculated in excess of the U.S. Treasury bill that is closest
to 30 days to maturity on the last trading day of the month. Data from
1970-1988 are drawn from the CRSP Government Bond File. The data for
1989 are from the Wall Street Journal. Holding period returns are calculated
in the same way as Fama (1984).

The selection of conditioning information is an important step. The instru-
mental variables should approximate the information that investors use to
set prices. Given that expected returns change through time, the instrumen-
tal variables should have the ability to predict returns.

The empirical strategy involves a prespecification of two categories of
instrumental variables: common and local instruments. The common set of
instruments consists of an identical set of instruments for all countries. In
contrast, the local instruments include country-specific variables. According
to the model, time variation in the conditionally expected country returns
has three potential sources: variation in the world expected return, changes
in the volatility of the world return, and time-varying conditional covari-
ances of the country return with the world return. The common instrument
set is important for the first two sources. Local information, in addition to the
common instruments, may be important in detecting changes in the country’s
conditional covariances.

The specification of the common instrumental variables were drawn from
studies of U.S. stock returns since there is little research on time-variation in
international returns. The information set contains: the lagged world excess
stock return, a dummy variable for the month of January, the dividend yield
on the Standard and Poor’s 500 stock price index, the U.S. term structure
premia, and the U.S. default risk yield spread.

The first information variable is the lagged excess return on the world
index. Many studies beginning with Fama (1965) have documented some
degree of autocorrelation in returns. A dummy variable for the month of
January is also included. Keim (1983) documents that U.S. returns in
January are systematically higher. Gultekin and Gultekin (1983) find dispro-
portionately large January returns in many industrialized countries.

The U.S. dividend price ratio is also included in the information set. Fama
and French (1988, 1989) show that this is an important explanatory variable
for U.S. stock returns. Cutler, Poterba and Summers (1989) show that many
international stock returns are also influenced by the dividend yield. Follow-
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ing Harvey (1989), the dividend yield on the S&P 500 is expressed in excess
of the 1-month bill rate.

A measure of default risk is the fourth information variable. Keim and
Stambaugh (1986) and Fama and French (1989) show that the junk bond
spread is able to predict returns. The junk bond spread is the difference in
yields between Moody’s Baa and Aaa rated bonds. A shorter maturity term
structure variable is also included. Following Campbell (1987) and Harvey
(1989), the excess return on a 3-month bill is included as the final informa-
tion variable. Campbell and Hamao (1989) show that measures of the term
structure are able to explain returns in Japan as well as the United States.

A number of local instruments are considered: the lagged own-country
return, the country-specific dividend yields, foreign exchange rate changes,
local short-term interest rates and local long-term to short-term interest rate
spreads. In the model testing, three sets of instrumental variables are used.
The first group is the common instruments. In the second set, Local Instru-
ments A, the common instruments are augmented by the inclusion of the
local dividend yields. In the third set, Local Instruments B, the common
instruments are again augmented by the local dividend yield. In addition,
the own-country lagged excess return replaces the lagged word excess return.

B. Summary Statistics

Unconditional means, standard deviations, and autocorrelations of the
monthly returns are provided in Panel A of Table I. The highest mean excess
return over the sample is from the Hong Kong market. Hong Kong also has
the highest volatility. The United States has one of the lowest average
returns. However, the volatility of the U.S. stock returns is lower than any
other country.

While the first-order autocorrelation of the U.S. returns is not significant,
there are some country returns that exhibit significant autocorrelation. High
first-order autocorrelations are found in Austria, Belgium, Italy, Japan,
Norway, and Spain. Significant seasonal autocorrelations are found in the
returns of Austria and Denmark.

The world market portfolio is the value-weighted average of the country
returns. The world portfolio has a lower standard deviation than any individ-
ual country.!* Comparing the country portfolios to the world portfolio, there
are seven countries (including the U.S.) that are unconditionally dominated
by the world market portfolio. That is, given a choice between investing in
one of these countries and the world portfolio, the world portfolio is a better
investment for the risk-averse investor because it delivers a lower uncondi-
tional standard deviation and a higher unconditionally expected return.

14The differences in standard deviations across countries do not appear to be driven by the
number of stocks included in the country indices. A cross-sectional regression (not reported) of
the standard deviations on the number of firms included in each country index reported in
Appendix Table A-I failed to detect a statistically significant relation.
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Interestingly, the world portfolio exhibits significant first-order autocorrela-
tion, indicating that there is some predictable variation.

The unconditional means, standard deviations, and autocorrelations of the
countries’ dividend yields are provided in Panel B of Table I. Japan has, by
far, the lowest dividend yield. Since the yield is an equally weighted 12-month
moving average of dividends divided by the current month’s price level, a
high degree of autocorrelation is expected. The first 12 autocorrelations are
significantly different from zero in all 17 countries.

Summary statistics are also provided for some of the common instrumental
variables in Panel C of Table I. The excess returns on the 3-month Treasury
bill have significant first order autocorrelation. Both the U.S. junk bond
spread and the U.S. dividend yield spread show slower mean reversion. The
U.S. junk bond spread autocorrelation drops to zero by the 24th lag. As
already noted, the dividend yield is highly autocorrelated by construction.
Notice that the mean dividend yield spread is negative, indicating that on
average the bill rate is higher than the dividend yield on the S&P 500.

Unconditional correlations of the equity returns and the instrumental
variables are provided in Table II. The first panel reveals that all stock
returns move together on average. However, they may not move as closely
together as one would expect. For example, the correlation between U.S.
returns and U.K. returns is 49%; the correlation between U.S. and Japanese
returns is only 27%.

The second panel shows that the dividend yields are not all positively
correlated. The Australian dividend yield is negatively correlated with most
other dividend yields. The U.S. and Japanese dividend yields are uncorre-
lated (—3%). The correlation of the U.S. and Canadian dividend yields is
84% which probably reflects the high degree of integration of the two
economies.

To complement the summary statistics in Tables I and II, Figure 1 provides
the traditional graph of mean return against variance. The unconditional
minimum variance frontier calculated from the index returns is also plotted.
Note that the returns are not excess returns. Unconditionally, the bill rate is
not “risk free”.

There are a number of interesting features to Figure 1. First, notice that
Hong Kong is much different from the other portfolios—it has by far the
highest volatility. Second, the two portfolios closest to the minimum variance
frontier are the U.S. and Japan. Unconditionally, Japan does not dominate
the United States. Third, the world market portfolio is the closest portfolio to
the frontier.’® Unconditional asset pricing tests would assess whether the
world portfolio is far enough from the frontier to reject the restrictions of the
asset pricing model. For example, Gibbons, Ross, and Shanken (1989) propose
an exact F-statistic that tests the null hypothesis that the intercepts in the

81 also compared the minimum variance frontier based on 17 countries 1970:2-1987:12 to the
minimum variance frontier based on 12 U.S. industry portfolios over the same period. The
frontier based on the industry portfolios was always inside (less efficient than) the world
frontier.
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multivariate regression of the asset excess returns on the market excess
return are jointly zero. When this test is executed on the 17 country portfo-
lios, the probability value is 0.304.!® Adler and Dumas (1983) provide an
alternative specification where foreign exchange portfolios are included in
the multivariate regression framework. The p-values are not substantially
altered when this model is tested. Hence, these tests do not provide evidence
against the hypothesis of unconditional mean variance efficiency. However,
an examination of the individual regressions in both models reveals that
Japan has a statistically significant intercept. So while the standard multi-
variate tests of the unconditional mean-variance efficiency do not provide
evidence against the null hypothesis, these tests may not be very powerful.!’

II1. Empirical Results
A. The Predictability of Country Stock Returns with the Common Instruments

The predictability of the international equity returns using a common set
of instruments is studied in Table III. The results indicate that there is
significant time variation in most of the country returns. Furthermore, the
value-weighted portfolio of all countries is the most predictable. The R? for
the world market portfolio is 13.3%.

The results contrast with some other work on predicting international
stock returns. For example, using country-specific dividend yields, Cutler,
Poterba and Summers (1989) are only able to explain about 1% of the
variance of the monthly returns over 1960-1988. They are able to account for
0.5% of the Japanese returns and 1.0% of the U.S. returns. This compares to
6.7% and 12.5% for the two countries, respectively, using the common
information variables in Table III. Using a number of combinations of
variables that include the U.S. and Japanese dividend yields, short-term
rates, and long-term to short-term rate spreads, Campbell and Hamao (1989)
report a 6.5% (largest) R? for Japan and a 10.0% (largest) R? for the U.S.
over the 1971-1987 period.!®

There are a number of interesting observations from Table III. For Japanese
stock returns, the most important explanatory variable is the lagged world
return.’® The January dummy is more than one standard error from zero in

8The F.statistic for the same test with the Group of 7 (G-7) countries (Canada, France,
Germany, Italy, Japan, United Kingdom, and United States) has a p-value of 0.103. The only
country that has a significant intercept is Japan.

"Using a sample of 13 country indices and monthly data from 1982:1 to 1988:6, Cumby and
Glen (1990) also cannot reject the null hypothesis of the mean-variance efficiency of the MSCI
world index.

*8Campbell and Hamao (1989) do not use the MSCI indices for Japan and the United States.
They extend the index created by Hamao (1988) which is a value weighted index drawn from
stocks listed in the first and second sections of the Tokyo Stock Exchange.

197 thought that this might be due to Japan being across the date line. The last trading day of
the month for Europe and North America is only a few hours away from the first trading day of
the month for Japan. However, when this regression is re-executed with the lagged Japanese
return replacing the world index, the results are similar. Hamao, Masulis, and Ng (1990) also
provide evidence of significant first-order autocorrelation in the Nikkei 225 return.
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13 of the 17 countries. In Austria, there is a negative January effect. The
excess return on the 3-month bill is two standard errors from zero in
Australia, Belgium, Canada, the Netherlands, Switzerland, the United King-
dom, and the United States. The junk bond spread is more than two standard
errors from zero in only two countries by 1.5 standard errors from zero in five
additional countries. The dividend yield spread is more than two standard
errors from zero in 12 of the 17 countries.?°

The results in Table III can be interpreted as evidence against the hypothe-
sis that the conditional mean returns in the countries are constant. Indeed,
the examination of conditional asset pricing models is only well motivated if
there is evidence of time-varying expected returns. An F-test shows that 15
of the 18 regressions are significant at the 10% level, 13 at the 5% level, and
10 at the 1% level.

B. The Predictability of Country Stock Returns with the Local Instruments

Table IV presents evidence on the predictability of international equity
returns using both common and local information variables. The far left-hand
column presents adjusted R? values using the common information vari-
ables. In some cases, they do not exactly match results reported in Table III
because the sample may be slightly different.

Eight combinations of instrumental variables are used moving from the
common information set (column 1) to a completely local information set
(column 8). For comparison, the results of Cutler, Poterba and Summers
(1989) and Campbell and Hamao (1989) are also reported. The local informa-
tion variables include the country specific lagged return, the own dividend
yield, the rate of change in the foreign exchange rate, the local short-term
interest rate, and the long-term to short-term interest rate spread.

There are a number of interesting results in Table IV. First, the common
information variables appear to capture the bulk of the predictable variation
in the country returns. Comparing the common information regressions
(column 1) to the completely local information regressions (column 8) only
two countries show higher R? values using the local information. Explana-
tory power for Austria slightly increases from 5.6% to 5.9% when the local
information variables are used. The R? for Norway increases from 1.9% to
4% with the local variables.

The other columns of Table IV show the effect of mixing the common
information variables with the local information variables. Interestingly, the
lagged U.S. dollar foreign exchange rate change has virtually no explanatory
power. Only Norway and Sweden are affected by the change in the foreign
exchange rate. Perhaps the most surprising result is the lack of importance
of the local short-term interest rates and the long-term to short-term interest
rate spread. Comparing columns 4 (common instruments with country-specific

The regressions were re-estimated with own-currency returns rather than U.S. dollar
returns. The explanatory power of these regressions was largely unaffected by using the
own-currency returns. These results are available on request.
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dividend yields and lagged returns) to columns 6-8, the explanatory power is
marginally increased in only three countries: Spain (+0.8%), the Nether-
lands (+1.1%), and Italy (+0.6%). The local interest rate variables decrease
the explanatory power of the regressions for the other countries.

The two local information variables that are the most important are the
lagged own-country returns and the local dividend yields. The inclusion of
the lagged own-country returns increases the explanatory power of the
regressions (columns 1 and 2) in 8 of 17 countries and has a neutral effect on
two other countries. The inclusion of the local dividend yields (in addition to
the U.S. dividend yield) increases the explanatory power of the regressions
(columns 1 and 4) in 9 of 17 countries and has a neutral effect on two
countries.

While the lagged own-country return and the local dividend yield increase
the explanatory power of some of the regressions, the overall improvement is
small. In the countries that experience increased adjusted R? values, the
average increment is only 1.7%. Most of the explanatory power is driven by
the common variables. Cutler, Poterba and Summers (1990) state that “it
seems unlikely that similar processes generate required returns...” in the
international markets. The results in Table IV provide evidence against this
claim. Expected returns in the individual countries appear to be generated by
common world factors.

C. Conditional Asset Pricing with Time-Varying Moments

Table V provides tests of the general model that allows for time-varying
expected returns, covariances, and variances. Tests of the asset pricing
restrictions are provided for individual countries as well as multiple country
systems.?!

The x2 statistic provides a test of the model’s restrictions. This statistic
summarizes the departures from the null hypothesis—that the world market
portfolio is conditionally mean variance efficient. Beside the x? is the related
but more intuitive R? statistic which is the adjusted coefficient of determina-
tion from a regression of the model errors on the common information
variables. If the model fits well, the errors should be unrelated to the
information, and the x2? and the R? should be small.

The asset pricing model in equation (6) can be tested using individual
countries as well as multiple countries.?? The test at the individual country
level may not be powerful because the cross-asset restriction (identical condi-
tionally expected world market return divided by conditional variance of the
world market for each country) is not imposed. That is, if the model is not
rejected at the individual country level, some caution should be exercised in

ZlPor ease of exposition, beginning in Table V the countries are ordered by unconditional
mean return.

27t is not computationally feasible to test equation (6) with all 17 countries. The dimensional-
ity of the weighting matrix would be 210 which is much larger than any previously estimated
GMM system. Furthermore, Hansen and Singleton (1982) warn that the quality of the consistent
estimator of the weighting matrix may deteriorate with high dimensions.
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interpreting the results—because not all of the CAPM’s restrictions have
been imposed. However, a rejection at the individual country level may
provide valuable information about the model’s failings. Using the common
instrumental variables, Table V indicates that the model’s restrictions are
rejected at the 5% level for three of the 17 countries: Japan, Norway, and
Austria. The model is rejected at the 10% level for the United States.

In the multiple country test using the returns of the Group of 7 countries,
the model’s restrictions are not rejected at standard levels of significance.
The lack of rejection in this multivariate test reinforces the importance of
testing at the individual portfolio level. The multivariate test is not powerful
enough to reject the hypothesis of conditional mean-variance efficiency.
However, the evidence at the individual country level (in particular for
Japan) suggests that the world portfolio is not conditionally mean-variance
efficient.

The last two columns provide test statistics for the model estimated using
some local information variables. In the single country estimation, the
inference is generally robust to the choice of the information set. Using the
first local information set, the same four countries are rejected at the 10%
level. Using the second local information set, three of those four countries are
rejected at the 10% level. With this information set, Japan is no longer
rejected. For Japan, the local information variables provide a less powerful
test. This is perhaps not surprising given the results in Table IV which show
that the maximum explanatory power for Japanese returns derives from the
common information set.

Similar patterns arise when the local information variables are used in the
multivariate test. Using the first local information set, the probability value
of the test statistic is 13.7% which is somewhat lower than the 21.9%
reported using the common instruments. With the second local information
set, the p-value is 12.7%. Consistent with the previous results, this local
information set fails to provide evidence to reject the null hypothesis at
standard levels of significance.

Some additional information is provided in Table V. The average pricing
errors and the average absolute pricing errors based upon estimation with
the common instrumental variables are provided in the fourth and fifth
columns. For Japan, the pricing error is positive, indicating that the actual
return is on average higher than the expected return given the level of risk.
A large positive pricing error is also found with the Hong Kong portfolio. The
Austrian pricing error is negative, indicating that the average return is less
than what is expected given the country risk. Interestingly, over this time
period, both the mean error and the absolute pricing error for the United
States are small.

The average conditional covariance is provided in the second column.?® It
is clear that the ordering of the average conditional covariances is not the

Z3This is not the unconditional covariance. It is the average value of the product of the
innovations in the conditional mean of the country return and the world market return. This
covariance is conditional on the common information set.
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same as the ordering of the average returns. Nevertheless, it is interesting to
note that Hong Kong has one of the highest average conditional covariances
as well as the highest average return. However, the conditional asset pricing
model does not restrict the ‘average’ conditional covariance to be positively
related to the ‘average’ return. The average conditional covariance is pro-
vided only as bridge to unconditional asset pricing.

The results for the general formulation provides evidence against the asset
pricing model’s restrictions. Consistent with the results of tests of uncondi-
tional mean-variance efficiency, when many countries are examined there is
little evidence against the model’s restrictions. However, a country by coun-
try examination detects some significant departures from the null hypothe-
sis. When Japan is examined, the restrictions are strongly rejected.

If some of the moments are constant, then it may be possible to construct
more powerful tests. Two other formulations are examined: one that assumes
constant conditional betas and another that assumes a constant world price
of covariance risk. The constant conditional beta formulation is closely linked
to unconditional formulations of the Sharpe-Lintner model. The constant
world price of covariance risk is often interpreted as a measure of aggregate
relative risk aversion.

D. Conditional Asset Pricing with Constant Conditional Betas

Table VI presents tests of the conditional version of the original Sharpe-
Lintner formulation which implies that expected asset returns are propor-
tional to the expected (mean-variance efficient) world market portfolio re-
turns. Beta is the coefficient of proportionality. As with the previous table,
single country as well as multiple country tests are presented. In most cases
with the common set of instruments, the proportionality coefficients are more
than two standard errors from zero. The highest beta is found with the Hong
Kong portfolio.?* The two smallest betas are estimated for Spain and Italy.
These two countries have the smallest average returns.

The United States has a beta of 0.97 while Japan has a beta of 1.42.
However, the difference in the betas does not explain the difference in the
average excess returns of 0.37% per month for the United States and 1.34%
per month for Japan. As with the general model presented in the previous
table, the model’s restrictions are rejected when the Japanese returns are
examined. The results in Table VI indicate stronger evidence against the
restrictions. The model is also rejected at the 5% level for Denmark as well as
Austria. There is evidence against the model at the 10% level for Norway.
The probability value for the United States is 0.103 which is slightly higher
than the general model. Consistent with the results in Table V, there is little
evidence against the restrictions in the multiple country system conditioning
on the common information set.

2*These betas are estimated under the null hypothesis that the model is true, i.e., no
intercepts are included. An alternative formulation would specify intercepts in equation (7) and
test whether they are significantly different from zero.
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Re-estimation of the models using the local information sets has virtually
no impact on the inference. With the first set of local instruments, the
restrictions are rejected at the 5% level for Japan, Denmark, and Austria and
at the 10% level for Norway. These results are identical to those using the
common information variables. With the second set of local instruments, the
model’s restrictions are rejected at the 5% level for Japan, Norway, and
Austria. In contrast to the results in Table V, the inclusion of the local
instruments does not increase the evidence against the model’s restrictions
when the multiple country system is estimated.

Table VI also reports pricing errors based upon the estimation with the
common set of instrumental variables. The average error for Japan is 0.59%.
This implies that the model is delivering an average expected return of
0.75% per month, and the average realized return is 1.34%. For the United
States, the model is predicting a 0.51% return while only 0.34% is realized on
average. The model appears to fit quite well for the United Kingdom with a
less than 0.01% pricing error.

E. Conditional Asset Pricing with a Constant World Price of Covariance Risk

Table VII presents test of the formulation that allows for time-varying
conditional covariances. The constant in the estimation is the expected
compensation for world market volatility—or the world price of covariance
risk. However, this parameter is not restricted to be the same across coun-
tries in the single country estimation.

The results in Table VII reveal more evidence against this formulation
than the previous two tables. Using the common information set, the model’s
restrictions are rejected at the 5% level for Hong Kong, Japan, Sweden,
Belgium, the Netherlands, the United Kingdom, Denmark, Austria, Switzer-
land, Australia, Canada, and United States.?® The estimates with the local
information sets provide similar evidence against the model’s restrictions.
The average pricing error for Japan is of the same magnitude as the constant
conditional beta model. The pricing error for the United States is three times
the size of the pricing error in the constant conditional beta formulation.

There is wide variation in the magnitude of the reward to risk ratio. For
example, the expected compensation for world market volatility in the United
States is 5.4. The same measure in Japan in 13.1. In a financially integrated
global market with time-invariant reward to risk, this ratio should be the
same across all countries. If the financial markets are not perfectly inte-
grated or if the asset pricing model is misspecified, then there is no reason
that the reward to risk ratios should be the same.

A formal examination of the differences in the reward to risk ratio across
different countries is presented in the last two lines of Table VII. First, a
seven country system is estimated with the reward to risk ratio constrained
to be constant across all countries. This measure can be interpreted as the

®*The results for the United States are consistent with the formulation tested in Campbell
(1987) and Harvey (1989, 1990).



The Journal of Finance

144

[020] [910°] [900] (GL00°®)

99°'11 99°G1 81°91 §v0°  ¥9¥0°  6S00°—  ¥ETIO coeLY'T €080°¢€T uedep
[1o1’] [900'] [€00°] @LIY'D)
¢9°01 V681 G0'81 620" S¥60° 0900°— 8910 6856°1 GeL9'TT Suoy Suoy
[enfeA-d ] [anfea-d ] [enea-d] ped  SMOUH IO WMy  SOUBLIBAOD N 01[0J310J
2X X mux anosqy oa8eeAy 98eISAY [BUOIIIPUO)
g STUSWINIJSUT |y SJUSWINIISU] SIUSWINIISUT a8eroAy a8eioAy
[e201 [edo uourwo))

‘WINJOI SSI0X0 PLIoM Y3 Jo ade[d
Ul WINJaI $$99X9 01J100ds-£13UNnod 9y} pue P[oI4 PUSPIAIP d1jIoads-£IJUNnoo ay) SapNOUT g 39S JUSWINIISUL [BI0T "P[OIA PUSPIAIP
o1j190ds-£13UN0d 9y} YIm pIjuswdne 10S JUSWINISUT UOUIUIOd JY} ST Y 39S JUSWINIISUL [8I07] "[[Iq ABpP-0¢ B UO UInjad 9y
SS9 Xopul }203s ()QG S, 1004 pPue pIepuelg 9Yj UO P[OIA PUSPIAIP 89U} pue ‘Spuoq pajel eey S LPOOJN U0 P[OIA JY) SSI] Spuoq
pojea eeq s LpOOJA U0 P[a1L 83 ‘[[Iq £BP-(g © U0 UINje 9Y3 SS9 [[Iq AInseal], 'S ) Aep-06 & SuIp[oy 10j WInjal yjuow-| ayj
‘Arenuep jo yjuow ayj 10j o[qeries KUINP B ‘Xopul P[IOM 93 UO WINJDX SSIIX 9Uj ‘JUBISUOD € :9Je SO[qeLIBA [EJUSUINIISUT
pouruiajepaid Jo oS UOWWOD Y], "UOIJBWIS? oY} Ul POsn ale ey} 7 So[qelies [eJUSWNIISUL JO S39S 99IU} ode dI9Y],
*S9LIJUNOD USASS Jo dnois oy} $5019€ JUSISPIP A[[€I13S13.IS ST YSL JO 90Tad plIom Y} IoYIYM SIS9} S[qe] 9} JO dUI[ [eUl] Y],
‘posoduil jou ST £.4unodo yova ul dwres ayjy ST YSLI Jo 9o1id PLIOM Y] Jey} UOTIILIISAIL £IJUN0d-SS0Id 9y3 ‘A13unod Aq £1junod
PoJeWIISd ST (QT) USYM ‘J9AOMOI] "dWll} YSnoiyj Juejsuod p[ay ST (SUINJAX SS90X0 PLIOM JO ddUeLIeA 9y} AQ PIpPIAIP WINjaI
SS90X0 P[I0M Pajdadxe) HSLI Jo 9011d PlIOM 9} ‘UOTIRUITIS] 9Y3 U] "HSLI 90UBLIEA0D Jo 90LId P[IOM 9Y} SI Y pUE ‘UINIAI plIom
9y} JO UBAUL [BUOLJIPUOD Y} UI JOLID }SBIAI0J 9Y3 ST /7 ‘UINJSI PLIOM 9Y] JO UBIUI [EUOIIPU0D 9U3F SUIJBWIISS 0] SO[qeLIeA
[BIUSWINLIISUL 89U} UJLm PIJBIOOSSE STUSIOLJA00 oY} oae sanfea “¢ ‘orjojirod plIom Sy} UO UINJDX SSIIX0 Y3 ST “u aroym

e - &.L

\_”EQALN _ aE.L = Aao aE:v ="

(o1)
{UI9ISAS 9Y[} 9JBUITSO 01 PAsn ST SJUSUIOW JO POYIoW
POZI[BISUSY) "JUSISISU0D AJIDIISEPIYS01930Y ale sesoyjueted Ul Siolle piepuejg ‘[euorjeutsjuy rejyide) Asjuelg ueliopy
uroaj axe ejyep £3mba oy, “£jLinjeut 03 s£ep (g 03 1S9s0[d ST Jey} [[Iq AInseal], 9y} uo uinjal porrad Surp[oy ay3 Jo SSOXd UL
SIe[[OP "S’[] UI Paje[no[es ale I SuInjal A13unod ayJ, "(SUo1IeAIasqo ge7) G:6861-3:0L6T WOIJ BJep Uo paseq ale S}[Nsal oy,
JSTY 9oUueIIBAO)) JO LI jue)isuo))
®© pue swInj)oy pajoodxy Sulkrep uWIL], YIM NAV)D [euonipuo)) e jo sajewrr)syy
IIA °19&8.L



0 %00 %00} [£00') (L160°2)
hX 1681 £6'81 03’81 980" 2980° 6%00 —  LEOO 69191 91LE'S S93e3g pajIuU[)
[eg0’) [e20'] [€00°] (8%5¢°2)
89°€T 8991 78T  %0T° 88%0° 6100 500" L8991 G88¥'1 epeue))
[200°) [100] [1007] (0069°2)
LY 0% 90°3% 3902 €90° G8S0" 6010 $%00° 6LEL'T  S8GL'E-— elensny
(120°] [610°] [3107) (12%9°2)
G8'¥F1 e1'g1 99'%1 690" €E¥0° 8000 —  9%00° G8LY'T $899°¢ pueliezjIMg
< [1o1] [1807] [€90'] (8¢L6°2)
2 19°01 ¥311 1601 920" 39%0°  ZE€OO 0500 ¥ove 1 8LV 1 Aueurion
Dm [L007] [€00°] [200°] (8886°¢)
S BLLT £6'61 1761  LG0° L980° LS00 §S00° 163L° $99%°0 - BLISDY
3
2 [921°] [60T1°] (9117} (ag1La)
8 96'6 0¥'01 78'8 LT0°  €9%0° 1000 $900° 9GhL'T 8099°¢ souelq
Q
O [8%0°) [1%0°) [220°) (209L°¢)
S 0L31T eret IT'el 630" 61%0° %300 — ZLOO 8886° 1€99°6 Jrewus(q
3 [1€0°) (ge0°] [120°] (08L1'D)
& L8°eT 39°e1 %3°€1 990" 99%0° Z0I0 — ¥LOO LGL6°T €168'8  wop3uryf pajiu)
= [¥20°] [110] 600 (L8%9'2)
5 Ge¥1 $9°91 9%'GT  0LO" 6Z%0° 8900 —  LLOO L2981 Seve6 SpUeLIaYIaN
m [110] [900'] [€007] oot1°'8)
M 0991 €6°L1 9L LT 190" ¥PPOT  0S00° — LSOO £86¢°'1 SIPL'6 wnidjeg
[g107] [L80°] [¥90°] (6692°¢)
1L°8T $0'11 SF'0T 330" €990° 6100° €600 £969°'T 99%8'¥ KemioN
[080'] [eL01 [#%0°] (9910°%)
8% 11 ¥9 11 O¥'TIT  L80° LOSO" €000 — ¥600° 6911 $18¢e'8 uspamg
[an[ea-d ] [en[eA-d ] [enTead ] umwm L0 GIOIIH UIN}RY ,PdUBLIBAOD) N orjoj3r0d
2X 2X omx anjosqy 98eoAy o3BIOAY [BUOTIIPUO)
‘g SjuswWNIISU] 1Y SIUSWINJIISU] SjUSWNIISU] a8eiaay 98eIoAY
[eo01 [eo0T uowuwo)

panunuo) —TIA 9IqeL,



The Journal of Finance

146

‘WOpaaJJ Jo sed130p 9 SeY JIISIIe)S 1593 Oy, 4
*1 uoljenbs Ul s9[qeLIBA UOWIUIOD 9} Y)}IM pUB
8 y8nouyj g suoryenbs ul so[qeLIeA 0] Y3 YIM PIULIO] ode SUOTIIPU0I KjITeuoSoy3io ayJ, *(T uoryenbs) uinjal pliom ayj jo
UBSUW [BUOIIIPUOD Y3 JI0] PISN ode SI[RLIBA UOWWIOD 93 ‘STUSUINIISUL [BI0] 9U) YIIM UOIJeUII)Sd 9y} U] 'Xopul pliom [DSIN
ay3 Jo 9,06 9stiduroo saLIjUNO0d 9saY], ‘A[e)] pue ‘sejelg pejiuf) ‘epeue)) ‘Aueuriar) ‘souety ‘wopSury] pajyuf) ‘uedep «
‘SUOTOLI}SOL SUILJITUSPLIOAO JO JOqUINU Y} 07 Puodsalrtod J13STye)s 1593 ay3 Ul WIopaay
Jo soai3ep ayJ, 'po1sa) oq 03 SUOIOLIISaL SUIAJIJUSPLISAO @ ade d1ayj Jey) sarjdurl sIyj {suolrpuod A3reuoSoylio 9g pue
s1ojoweed g o1 919Y) ‘SJUSWINIISUL [BI0] UM WolsAs uorjenbs o[diynuu ayj uj "pajss} 9q 0} SUOIPILIISAI SUILJIIUSPLISAO
1¥ aae a1oy] jey) sorjdual sIyj} (SuoIjIpuod £3euosoylio gy pue sigjowrered , 9Ie 919y} ‘SJUSWINIISUI UOUWIWIOD YIIM WI9ISAS
uoljenbs odiynur oy} U] ‘SUOTIIPUOd SUIJIIUSPLISA0 g SUIABS] SUOTIIPU0d Ajr[euoSoylio | pue siojowered g are atoyl
‘$19S JUSWINIISUL [BO0] 9] YIIM SWI9ISAS AIJunod o[3uUls 10y 'SUOI}IPU0d SUILJIIUSPLISAO G SUlABd] SUOTJIPU0d A31[BU0S0Y}I0
21 pue siejouwrered ) aIe oI9Y] ‘)9S JUSWINIISUI UOWIUWIOD 9y} UM SWIAISAS A1junod o[Surs Joq "O1IsIje)s ayj Jo onfea
apdures oY) spesoxe djerreA X € Jeys A31[iqeqoid oy} SI on[ead "UOTOUN] UOLIOILId WD dU3 JO On[ea paziuruur ayf,
‘sa[qerIeA
[ejusWINIISUI UOWUIOd 9y} uo (*2) SIOLIS [9pOW 9} JO UOISSAISSI B WIOI] UOIJEUIULIdISP JO JUSIOLJe00 pajsnlpe YL,
‘uoljeWIISe A13Unoo 9Suls uo paseq 7 LI3unod J0jf ‘2 Jo anyea snjosqe d8eieAR Y,
‘uorjewIr}se AI13unod o13uls uo paseq 1 AIjunod 1oj ‘a jo anjea afeteas Y], q
‘uoljewI}ss £13unod S[3Uls U0 paseq 1 L13unod 10y 000T £q perdinu “n X 'n jo enfea afeieae 9yJ,,

(1001 (100" >] (100°] Lt =1

YL'Cg ¢L'ce 9L'€3 =~ ETAY]
¥y [28€] [86T1°] (3928’1

Ly'8¥y ¢e'09 (474814 ITLY' 1T LD
[212] [oog’] [¥02’] (6288°8)

LE'8 €C'L gC'L 900" €690 ¥100° ¢200° ¥09¢°1 96€9°0 Aren
(1] (913°] (LeT’] (1L28°8)

G8'6 (4581 LE'8 600" 98%0° G200’ 9800’ §290°'1 8¥86°0 uredg
[enfea-d ] [anea-d ] [anea-d] o Y SI0M QIO WInPRY ,O0UeLIBAO) N o1[0j310g

2X X aax anjosqy oS8eeAy 93eIoAy [BUOI}IPUO))
g SJUSWINIISU] Y SPUSWINJIISU] SIUSUINIISUT aferaay aderaAy
[eoo1 [eo01 uoururo))

panu1uo) —IA S1qe.L



The World Price of Covariance Risk 147

world price of covariance risk. The estimate is 11.5 which is closer to the
single country estimates of Japan and the U.K. than the other G-7 countries.
The x? test indicates that there is little evidence against the model’s restric-
tions using common or local instrumentation. However, there is evidence at
the single country level against the restrictions for four of the G-7 countries.

Intuitively, one would expect rejection in the multiple country system
given strong rejections in three of the single country tests and a marginal
rejection for another country. It has been argued that the multiple country
test may lack power. An alternative test is presented in the final line of
Table VII. In this estimation, the equality of the reward to risk ratios across
the seven countries is explicitly tested. The test proceeds in two steps.
Initially, a seven country system is estimated with country specific reward to
risk ratios. The weighting matrix is saved from this unrestricted estimation
as well as the final x? statistic. Second, a seven country system is estimated
with the reward to risk ratios restricted to be the same across the seven
countries. However, in the estimation the weighting matrix is the saved
matrix from the unconstrained estimation. The difference in the final x2
statistics is distributed x2 with six degrees of freedom.?® The results in the
final line of Table VII provide convincing evidence against the model’s null
hypothesis that the ratios are the same. This multivariate test is powerful
enough to reject the model’s restrictions.

F. Diagnostics

The asset pricing model implies that the coefficient N\ which transforms
conditional covariance with the world market portfolio into conditionally
expected returns is the same for all countries. The evidence presented in
Table VII provides sharp evidence against this hypothesis. In the country by
country estimation, the routine was fitting different world prices of covari-
ance risk in order to match the conditional covariances with the conditionally
expected returns. For example, the Japanese conditional covariance was not
high enough to account for the large conditionally expected returns. The
routine fit a A coefficient of 13.1, which is much higher than the average, to
accommodate the higher expected returns.

Some authors including Merton (1980) have related the price of risk to the
coefficient of relative risk aversion. It is tempting to interpret the results in
Table VII as evidence of higher risk aversion in Japan. However, there are
two important qualifications. First, the reward to risk ratio can only be
linked to risk aversion if international markets are completely segmented.
That is, in completely segmented markets, a country whose residents are
more risk-averse will have a higher reward to risk ratio than other countries.
However, few would argue that Japan is completely segmented. If a country
is not completely segmented, then the relation between the reward to risk

263ee Gallant and Jorgenson (1979), Newey and West (1987), Eichenbaum, Hansen, and
Singleton (1988), and Eichenbaum and Hansen (1990) for discussions of this multivariate test.
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ratio and risk aversion will depend on how domestic residents can access
foreign markets and how foreign investors can access the domestic market.

Second, in a world of complete segmentation, the relevant reward to risk
ratio is the conditionally expected own-country return divided by the own-
country variance. This is not what is estimated in Table VII. To get an idea
of the magnitude of the local reward to risk ratios, these are presented in
Table VIII.

Two of the smallest reward to risk ratios are found in Italy and
Spain—which have the smallest average returns. Interestingly, the highest
reward to risk ratio is found in Japan. The magnitude of the measure is
double that of the one found in the United States. Under the null hypothesis
of complete segmentation, the differences in these ratios may account for the
higher expected returns that Japan has experienced relative to the United
States.

The table also provides tests of whether the ratio is constant through time.
In 10 of the 17 countries, there is evidence at the 5% level of significance
against the hypothesis that the ratio is constant through time. There is
evidence against the hypothesis at the 10% level for two other countries. The
inference and the parameter estimates are not sensitive to whether the
common or local instruments are used.

The final line of Table VIII provides estimates of the world price of
covariance risk. The evidence strongly suggests that the world price of
covariance risk is not constant. These results may explain the rejections of
the model tested in Table VII. That is, rejection of the model tested in Table
VII could be caused by the inefficiency of the world portfolio and/or by
incorrectly specifying the world price of covariance risk to be a constant. The
results in the last line of Table VIII indicate that the world price of covari-
ance risk is not constant.

The results in Table VIII consider reward to risk ratios for countries under
the hypothesis of segmented markets. However, under complete segmenta-
tion, the U.S. dollar returns are no longer the relevant metric. In addition,
excess returns should be calculated in excess of local short-term interest
rates. Table IX re-estimates the reward to risk ratios using both own cur-
rency returns and local interest rates.

The results in Table IX are similar to those presented in Table VIII. Only
four countries (Belgium, the Netherlands, Denmark, and Switzerland) have
reward to risk ratios.that are more than one standard error different from
those presented in Table VIII. However, it should be noted that the sample is
different for some of these countries because data on short-term interest rates
are not available back to 1970 in some countries, e.g., the sample used for
Switzerland contains 175 observations (75:9-89:5) in Table IX compared to
232 observations (70:2-89:5) in Table VIII. Also, there are two countries for
which I could not obtain the short-term interest rates: Belgium and Hong
Kong.

The x2 test of the constancy of the reward to risk ratio generally tells a
similar story. However, when own-currency returns are considered, Italy,
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Table VIII

Test of Whether the Price of Risk is Constant
The results are based on monthly data 1970:2-1989:5 (232 observations). The country returns r,
are calculated in U.S. dollars in excess of the holding period return on the Treasury bill that is
closest to 30 days to maturity. The equity data are from Morgan Stanley Capital International.
Standard errors in parentheses are heteroskedasticity consistent. Generalized method of mo-
ments estimation of the following system of equations:

[rt—Zt_lé]’ !
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where &, are coefficients associated with the instrumental variables that are used to obtain the
conditional mean return for country j, u, is the forecast error in the conditional mean of the
country return, e, is the deviation from the return and the model’s expected return, and A, is the
country-specific price of risk (expected return divided by variance of the returns). There are
three sets of instrumental variables Z that are used in the estimation. The common set of
predetermined instrumental variables are: a constant, the excess return on the world index, a
dummy variable for the month of January, the 1-month return for holding a 90-day U.S.
Treasury bill less the return on a 30-day bill, the yield on Moody’s Baa rated bonds less the yield
on Moody’s Aaa rated bonds, and the dividend yield on the Standard and Poor’s 500 stock index
less the return on a 30-day bill. Local instrument set A is the common instrument set augmented
with the country-specific dividend yield. Local instrument set B includes the country-specific
dividend yield and the country-specific excess return in place of the world excess return.

Common Local Local
Instruments Instruments A: Instruments B:
22 2 2
X X X
Portfolio N [ P-value] [ P-value] [ P-value]
Hong Kong 1.2539 18.13 18.49 14.25
(0.4926) [.003] [.005] [.027]
Japan 5.0597 18.10 17.98 13.63
(1.0934) [.003] [.006] [.073]
Sweden 2.9443 8.97 9.01 9.02
(1.0896) [.110] [.173] [.173]
Norway 1.6027 10.18 10.79 14.67
(0.8033) [.070] [.095] [.023]
Belgium 3.1584 16.48 16.67 16.90
(0.9994) [.006] [.011] [.010]
Netherlands 4.2864 16.00 18.47 15.96
(1.1884) [.007] [.005] [.014]
United Kingdom 2.5569 11.60 14.19 14.44
(0.6435) [.041] [.028] [.025]
Denmark 3.4518 13.66 13.63 11.89
(1.1364) [.018] [.034] [.064]
France 1.4355 7.35 8.53 8.41
(0.8928) [.196] [.202] [.209]
Austria 2.7478 14.32 14.91 14.51
(1.0645) [.014] [.021] [.024]
Germany 1.6569 9.08 9.56 9.06

(1.1074) [.106] [.144] [.170]
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Table VIII—Continued

Common Local Local
Instruments Instruments A: Instruments B:
22 2 2
X X X
Portfolio N [ P-value] [ P-value] [ P-value]
Switzerland 1.9780 13.78 14.41 14.25
(1.1413) [.017] [.025] [.025]
Australia 1.1108 17.17 18.00 17.32
(0.8608) [.004] [.006] [.008]
Canada 1.9765 15.11 15.06 14.02
(1.1897) [.010] [.020] [.029]
United States 2.6655 19.26 15.59 19.57
(1.5090) [.002] [.030] [.003]
Spain 0.8077 7.80 7.96 9.65
(1.0175) [.168] [.241] [.140]
Italy 0.4034 7.10 7.10 8.40
(0.8384) [.214] [.312] [.210]
World 5.7238 21.06 - -
(1.8272) [< .001]

2The minimized value of the GMM criterion function. P-value is the probability that a x?2
variate exceeds the sample value of the statistic. In the estimation with the common instrumen-
tal variables, there are one parameter and 6 orthogonality conditions, leaving 5 overidentifying
conditions. In the estimation with the local information variables, there are one parameter and 7
orthogonality conditions, leaving 6 overidentifying conditions.

Germany, and Sweden are added to the list of countries that have significant
variation in the reward to risk ratios. With the local currency returns, we
can no longer reject the constancy of the ratio of expected returns to volatility
for Switzerland. There is little difference in the test results across the
different sets of conditioning information.

G. Risk and Return in October 1987

Although the evidence suggests departures from conditional mean-variance
efficiency, the asset pricing formulation may still be useful in explaining
cross-sectional variation in returns. One phenomena that would be a chal-
lenge for the asset pricing model to explain is the cross-country variation of
returns in October 1987. Some countries were hit much harder than others.
For example, the excess return in the Australian market was —45% and in
Hong Kong —44%. In contrast, the Danish return loss was only 8%.

For a given world price of covariance risk in October 1987, the asset
pricing model suggests that the most severe losses should be associated with
countries with the highest risk in October 1987. Using data for 1981-1987,
Roll (1988) shows that the unconditional betas are important in explaining
the cross-sectional returns in October. However, no one has examined the
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Table IX

Test of Whether the Price of Risk is Constant Using Returns
Calculated in Local Currency and Country-Specific Short-Term

Interest Rates
The country returns Ir, are calculated in local currency in excess of the holding period return on
the country’s Treasury bill or the call money rate. The equity data are from Morgan Stanley
Capital International. Standard errors in parentheses are heteroskedasticity consistent. Gener-
alized method of moments is used to estimate the following system of equations:

" —(u e ) [lrjt_zt—laj], !
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where u, is the forecast error in the conditional mean return for the country portfolio, and A, is
the country-specific price of risk (or ratio of the expected return to the variance of returns).
There are three sets of instrumental variables Z used in the estimation. The common set of
predetermined instrumental variables are: a constant, the excess return on the world index
calculated in U.S. dollars, a dummy variable for the month of January, the 1-month return for
holding a 90-day U.S. Treasury bill less the return on a 30-day bill, the yield on Moody’s Baa
rated bonds less the yield on Moody’s Aaa rated bonds, and the dividend yield on the Standard
and Poor’s 500 stock index less the return on a 30-day bill. Local instrument set A is the common
instrument set augmented with the country-specific dividend yield. Local instrument set B
includes the country-specific dividend yield and the country-specific excess return in local
currency in place of the world excess return.

Common Local Local
Portfolio and Instruments Instruments A: Instruments B:
22 2 2
(number of X X X
observations) N [ P-value] [ P-value] [ P-value]
Hong Kong® 1.9082 19.56 20.04 17.08
70:2-89:5 (232) (0.5739) [.002] [.003] [.009]
Japan 5.7076 17.57 17.57 11.89
70:2-89:5 (232) (1.4382) [.004] [.007] [.064]
Sweden 2.7887 11.86 14.20 14.97
70:2-87:1 (204) (1.2409) [.037] [.027] [.021]
Norway ¢ 0.8359 8.36 8.98 13.20
71:9-89:5 (213) (0.8624) [.138] [.175] [.040]
Belgium® 7.4042 14.25 13.51 13.99
70:2-89:5 (232) (1.4294) [.014] [.036] [.030]
Netherlands 6.1320 22.50 22.38 21.63
70:2-89:5 (232) (1.3633) [< .001] [.001] [.001]
United Kingdom 3.5292 10.67 14.38 14.72
72:1-89:5 (208) (0.8786) [.058] [.026] [.023]
Denmark 1.8502 14.96 15.14 16.94
72:2-89:1 (204) (1.3639) [.010] [.019] [.012]
France® 1.1956 8.02 9.45 8.66
70:2-89:5 (229) (1.0487) [.155] [.150] [.193]
Austria 2.3982 16.88 18.09 8.49
71:12-89:1 (216) (1.2800) [.005] [.006] [.204]
Germany 1.4855 11.92 12.65 12.31

70:2-89:5 (232) (1.3246) [.036] [.049] [.055]
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Table IX—continued

Common Local Local
Portfolio and Instruments Instruments A: Instruments B:
22 2 2
(number of X X X
observations) Y [ P-value] [ P-value] [ P-value]
Switzerland 6.1072 5.98 6.38 7.05
75:9-89:5 (175) (2.4113) [.309] [.382] [.316]
Australia 1.0063 19.88 22.13 20.67
70:2-89:1 (228) (0.9840) [.001] [.001] [.002]
Canada 1.4874 15.17 15.52 13.76
70:2-89:5 (232) (1.2706) [.010] [.017] [.032]
United States 2.6655 19.26 15.59 19.57
70:2-89:5 (232) (1.5090) [.002] [.030] [.003]
Spain —0.1027 6.93 6.95 8.64
74:1-89:5 (184) (1.1953) [.226] [.325] [.195]
Italy 0.4415 11.15 11.62 12.02
71:2-89:5 (220) (0.9056) [.048] [.071] [.061]

#The minimized value of the GMM criterion function. P-value is the probability that a x2
variate exceeds the sample value of the statistic. In the estimation with the common instrumen-
tal variables, there are one parameter and 6 orthogonality conditions, leaving 5 overidentifying
conditions. In the estimation with the local instrumental variables, there are one parameter and
7 orthogonality conditions, leaving 6 overidentifying conditions.

PShort term interest rates are not available. The returns are not excess returns.

“Excludes 1986:3-1986:6 when the interest rate data are not available.

4Excludes 1980:8-1980:9 when the interest rate data are not available.

conditional risk in October 1987.%27 To do this, conditional covariances were
estimated for October 1987 based on the common information variables
available in September 1987. Hence, the fitted conditional covariance is an
out-of-sample forecast of the risk.

The fitted conditional covariances are plotted against the returns in Octo-
ber 1987 in Figure 2. Consistent with the asset pricing theory, there is
roughly a linear relation between the returns and the conditional covari-
ances. The slope of the relation is negative. However, this is reasonable
because the out-of-sample world price of covariance risk is negative in
October 1987. To ensure that this result is not a fluke, Figure 3 provides a
plot of the same variables for October 1986. In that month, the forecasted
world price of covariance risk is positive, and the relation between the
returns and the conditional covariances is roughly positive.

In any given month, the world price of covariance risk is fixed. A cross-
sectional regression of the October 1987 returns on the estimated conditional
risk explains 41% of the variation. Hence, the differences in the countries’

ZTFerson and Harvey (1991) argue that the rolling unconditional beta may be interpreted as a
conditional risk measure. In fact, for October 1987 the correlation of Roll’s 6-year betas and my
conditional covariances is 67.3%.
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conditional covariances appear to account for a large portion of the differ-
ences in country performance.

IV. Conclusions

Tests of the conditional version of the Sharpe-Lintner capital asset pricing
model are executed with country-specific stock portfolios. The tests assume
that the representative investor only cares about U.S. dollar returns. Capital
markets are also assumed to be fully integrated.

The tests allow for time-varying conditional moments. For most countries,
a single source of risk appears to adequately describe the cross-sectional
variation in returns across different countries. In an example, the differences
in conditional covariances are able to account for a large portion of the
different losses that countries experienced in October 1987. However, the
model’s restrictions are consistently rejected for Japan. Japan’s covariance
risk explains some—but not all—of its performance in the 1970:2-1989:5
sample.

However, all tests are joint tests of many hypotheses. An alternative
hypothesis for the Japanese performance is that the market is not fully
integrated. In this case, the Japanese covariance with the world market
portfolio is not the relevant risk measure. Furthermore, the world price of
risk is not the appropriate price of covariance risk. Evidence is presented
that supports the hypothesis that the price of risk may be higher in Japan.
This is consistent with the Japanese market performance over the sample.
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