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In standard financial valuation models, stock price variability stems from a
combination of shocks to expected cash flows, time-varying expected returns,
and shocks to expected returns. The latter two measures induce changes in
discount rates that affect stock prices. Thus, markets are said to be rational if
prices reflect these fundamental variables. Some existing studies have shown
that variables such as real gross national product and future production growth
reflect information about future cash flows that is impounded in stock prices.
Other studies have provided evidence suggesting that a large proportion of
stock return variances is attributable to changing expected returns, which are
generally captured by dividend yields on stocks, default spreads, and term
spreads. In contrast, Fama (1990) has examined the combined explanatory
power of the three sources of return variation and shown that these variables
can explain about 58% of the annual return variance.! Nevertheless, the
evidence has thus far focused mainly on the US stock market, and very little
evidence on the other markets across the world.

This study attempts to offer evidence of global sources of rational variation
in different national stock market prices. In particular, we use financial
evaluation models examined in, for example, Fama (1990) and Schwert (1990),
to investigate whether the above US phenomenon extends more generally to
other markets, and whether the effect varies across holding period horizons.

This paper also contributes to the current literature in that it focuses on the
maximum degree of global shared variation in 18 national stock markets and
uses the multivariate maximal R? (y) statistical methodology developed by Lo
and MacKinlay (1995). Common global economic variables that relate to
changes in the global economy or to international business conditions serve as
proxies for the three sources of return variation.

Further, we propose a multivariate latent-root-test statistic, which is a
generalization of the maximal R? approach, to evaluate the relative informa-
tion found in the three global measures of real return variation. We test
whether these different measures have any incremental explanatory power in
the presence of each other. Our results offer insights into the effects on
international real equity returns. In particular, we assess the relative impor-
tance of the role of these three stock fundamental variables in explaining
expected real returns. Finally, we employ a Wald test with less restricted
assumptions to examine the robustness of our results to the different method-
ologies employed.

We use the monthly and quarterly data of 18 national stock markets for the
period January 1970—-December 1991. We find evidence that the combination
of shocks to expected cash flows, time-varying expected returns, and shocks to
expected returns has significant explanatory power for stock price variability.
The fractions of real return variation explained by global variables, separately
or jointly, increase as the holding period lengthens. The strength of the
explanatory power of these three types of fundamental variables increases at
least two-fold from monthly to quarterly horizons.

Global economic variables proxying for both changing expected returns and
shocks to expected returns capture up to 18% of the monthly portfolio stock
variance and 48% of the quarterly variance. Current and future world-produc-
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tion growth rates explain a maximum of 13% of the monthly stock price
variability and 37% of the quarterly variability. The maximum joint explanatory
power of the three measures is 23% using monthly observations and 59% using
quarterly observations. These results thus indicate a strong cross correlation
among the selected global variables as well as among the national equity
returns, suggesting that similar international economic forces influence varia-
tions in stock market fundamentals.

Results further show that shocks to expected cash flows have statistically
significant incremental explanatory power only for quarterly real returns, while
both time-varying expected returns and shocks to expected returns exhibit
statistically significant incremental power for explaining both monthly and
quarterly real returns. Even though the latter explain the largest component of
the real return variation, their explanatory power, combined with that of
cash-flow effects, captures a more significant fraction of the total variation in
real returns.

In the next section we describe the data. The empirical models and method-
ologies are discussed in Section II. Section III reports the results, and the
fourth section contains some concluding remarks.

I. Data

I A. Real stock market returns

Our stock-market data come from Morgan Stanley Capital International
(MSCI) and relate to countries including Australia, Austria, Belgium, Canada,
Denmark, France, Germany, Hong Kong, Italy, Japan, the Netherlands, Nor-
way, Singapore /Malaysia, Spain, Sweden, Switzerland, the United Kingdom,
and the United States. These market indexes are value-weighted with inclusive
dividends and are measured in US dollars. They exclude the market value of
investment companies and of foreign-domiciled companies and thus avoid the
problem of double-counting. We convert stock market returns to real returns
using inflation rates computed from the US consumer price index. In our
analyses, we use continuously compounded real returns for monthly and
quarterly return horizons.

LB. Systematic global measures of country stock return variation

In our study we construct global information variables that are proxies for
time-varying expected returns and for shocks to both expected returns and
expected future cash flows. The choice of these proxy variables shares the
similar motivation as those used by Fama (1990).

Drawing evidence from existing studies, the global variation in expected real
returns on international stocks is reflected in dividend yields of the MSCI
world index (WDY), term spreads (TERM, defined as the difference between
the 10-year US government bond yield and the yield on short-term US
Treasury bills),”> and Eurodollar-Treasury yield spreads (TED, defined as the
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difference between the 3-month Eurodollar rate and the 90-day yield on the
US Treasury bill).> Many existing studies, such as Keim and Stambaugh (1986),
Fama and French (1989) and Fama (1990), show that dividend yields and term
spreads predict equity returns quite well. Fama and French further show that
these two variables relate to changes in business conditions. A recent study by
Chen (1991) finds that dividend yields measure the current health of the
economy, while term spreads reflect the future health of the economy. World
dividend yields and term spreads therefore reflect changes in the international
business environment due to fluctuations in world business conditions. TED is
a proxy for movements in expected stock market returns in response to changes
in world political risk.*

Similarly to Fama (1990), our study interprets the residuals from first-order
autoregressions fitted to TED and TERM as proxies for shocks to expected
returns, and we denote the residuals as TEDSH and TERMSH. These two
variables measure world economic news affecting future expected returns.

Finally, we use quarterly growth in industrial production over the next 12
months to proxy for expected future cash flows. According to studies such as
Fama (1990) and Chen (1991), a 12-month period is sufficient to capture the
cyclical behavior in business conditions and provide adequate information
about the future state of the economy.’ Except for Hong Kong and
Singapore /Malaysia, all the countries in our study are members of the OECD,
so we use future growth rates of the OECD industrial production index (P,),
provided by Citibase, to proxy for investors’ changing expectations of future
worldwide real economic activity.®

The cross correlation coefficients between these selected variables are re-
ported in Table 1. The elements in the upper diagonal block matrix represent
monthly correlation coefficients between the variables, while those in the lower
diagonal are the quarterly correlation coefficients. Notice that the strengths of
the monthly and quarterly correlations are different. For the monthly figures,
the largest correlation coefficient of —0.45 is between TED and TERM, while
the smallest correlation coefficient of —0.02 is between TERM and TERMSH
or between TED and TEDSH. For the quarterly figures, the largest correlation
coefficient of —0.48 is between TED and TERM, while the smallest correla-
tion coefficient of zero is between WDY and P, .

I1. Empirical models and methodologies

II.A. Empirical models

We examine the effects of global shocks to expected future cash flows and the
effects of expected-return variables on international real returns using the
following relationships:

L r,=a;+t al,th + a2,jPr+3 + a3,th+6 + a4,jPr+9 + vj],t’

(2 r,=a;+a, WDY,_ +a,,TED, |+a, /TERM, | +a,;TEDSH,
+as TERMSH, + v?,,
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TaBLE 1. Cross correlation statistics

WDY TED TERM TEDSH TERMSH P, P., P., P.,

WDY 035 -014 0.4 002 -028 —0.18 —0.12 —0.14
TED 0.34 045  —002 007 =-030 —027 —0.18 —0.06
TERM  —008 —048 -0.16  -002 012 027 032 031
TEDSH 015 —002 -017 025 —0.04 —0.16 —0.03 —0.13
TERMSH —-006 016 —001 —0.41 ~0.12 —008 002 008
P, —~0.15 —-035 022 -021  —005 0.15 013 0.04
P, ~006 —018 034 -028  —008 012 0.14 0.14
P 000 —004 026 —0.19 021 020 0.14 0.13
P, 002 —-002 035 —005  —0.01 005 019 0.3

Cross correlations between the world dividend yield(WDY), the Eurodollar spread (TED),
the term spread (TERM), shocks to TED (TEDSH) and to TERM (TERMSH), and current
and future OECD industrial production growth rates (P,, P, 5, P,.¢, P, o). The elements in
the upper diagonal block matrix represent monthly correlatlon coefficients, while those in
the lower diagonal are the quarterly correlation coefficients between the variables as
indicated in the legends. The sample period is 1970:2-1991:12.

and

BDr=aj+o P+oy P ytay P +a, P g+as WDY _,

+ a5 , TED,_, + a; ,TERM, | + oy ,TEDSH, + oy TERMSH, + v,
where r;, is the jth country real return, v! s are random error terms, and the
remalmng variables are defined as in Sectlon I. Relation (1) describes the
relationship between real returns and expected future global production growth
rates; relation (2) describes the relationship between real returns and the
proxies for time-varying global expected returns and for global shocks to
expected returns. Equation (3) dictates the combined explanatory power of the
two global information variables. Financial valuation models similar to (1), (2)
and (3) are also used by, for example, Fama (1990), Schwert (1990) and Harris
and Opler (1993), to investigate real stock return variation in the US and other
industrialized countries. Unlike these studies which use the standard univariate
regression analysis, we will investigate these three relationships using both
univariate and multivariate statistical methodologies described in the following
subsection.

I1.B. Methodologies

Suppose Z, = (r,,,..., ry,;)" is the vector of N country real stock returns; X,
and X,, are vectors of K1 and K2 explanatory variables; B, and B, are the
K1 x N and K2 X N coefficient matrices; b is the vector of constants; and
&,=(v,,,...vy,) is the vector of disturbance terms. Assuming E,_,[¢,]=0 and
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Var,_,lg]=L, the regression model can be written as

(4) Z,=B'X,,+B,X, +b+eg,
=B'X, +¢,.

Any incremental explanatory power of X, conditioned on X,, can be
determined using a linear restriction test on the multivariate linear model.
Specifically, the null hypothesis RB = 0, where R = [I, 0], tests the incremen-
tal predictability of X, ,. A similar argument applies for testing the incremental
explanatory power of X, , conditioned on X, ,.

For notational convenience, we define Z=(Z,,...,Z;)', X=(X,,..., X}),
and ¢=(¢&,,...,&7) . Then, from (4), we have Z=XB + ¢. Let L. and B be
the maximum likelihood estimates of > and B, and let the matrices S and Q
be defined as:

(s) s=BR[RX'X)'R] ' RE=2;2;,
and,
(6) Q=TS=Z'Z-B'X'Z=2;'Z;.

Q represents the matrix due to the error and measures the fraction of Z,
that is not explained by X,. Also S denotes the matrix due to the hypothesis
and measures the increased unexplained component attributed to the con-
straint of B, =0. If B, =0, then § will be small relative to Q. Under the
normality assumption, the distributions of Z} and Z% are given by Z} ~ N(M,,
I, ® ¥) and Z§ ~ N(0, Iy k). k2.1)® L), where M, is the expected value of Zf
and T is the sample size (see, for example, Muirhead, 1982, p. 436).

Suppose v = (y,,.-.,¥y) is the vector of portfolio weights that sum to one,’
and yZ, is the real return on a portfolio based on the linear combination of N
international real equity returns. Conditional on X,, the incremental propor-
tion of variation in yZ, due to X, is given by

)= VSY
(T R (y) = I GETIA

The maximum value of R*(y) in (7) and the corresponding portfolio y* are
given by I, the largest latent root of the matrix (Q + S)~'S, and the latent
vector associated with this latent root.® This maximum latent root / therefore
yields the greatest possible incremental predictable power of X ,.

The maximum-latent-root approach generalizes the maximal R* method
proposed by Lo and MacKinlay (1995). For instance, by eliminating X,, from
(4), the R*(v) in (7) yields the conventional coefficient of determination from
regressing yZ, on X, and a constant. In this case, the / statistic measures the
maximum proportion of variation in yZ, that is explained by X, ,. Thus the
Lo-MacKinlay maximal R? procedure is a special case of the maximum-latent-
root method, since the latter admits a more general conditional information set
in calculating the maximum incremental explanatory power of the variables.

The [ statistic allows us to test the significance of the restriction RB = 0.
When the computed statistic is large relative to its critical value, which is

826



Rational Variation in International Equity Returns: Y-W Cheung et al.

obtained from the distribution of / under the null hypothesis RB = 0, we reject
the validity of this restriction. Analytically, the distribution of / under the
normality assumption can be obtained as follows:’ under the null, the distribu-
tion of A (the maximum latent root of SQ ') is given by Theorem 10.6.8 and
Corollary 10.6.9 of Muirhead (1982); based on this result, we derive the
distribution of / under the null by observing that A =1!/(1 —1[), which is a
monotone function of 1.1°

While we can analytically derive the null distribution of I, the resulting
distribution is computationally intractable and, hence, we use Monte Carlo
methods to generate the required critical values. For each model specification,
we generate T independent vectors of N normal variates with zero means and
identity covariance matrices as the left-hand-side variables, where T is the
sample size. We then compute the / statistics from these random vectors and
X,s. For a given combination of sample size, international equities, and
explanatory variables, we replicate this procedure 10000 times to tabulate the
empirical distribution of /.

These two proposed multivariate test statistics are in the spirit of the Roll
(1988) R? and offer many advantages. Firstly, the multivariate tests incorporate
cross-sectional effects among the national real equity returns and among the
explanatory variables. Secondly, they allow us to attain the maximum power, or
the maximum incremental power, of the world economic variables used for
explaining the cross section of national real stock returns. Unlike statistics used
in many existing studies that focus on univariate analyses, the maximum-
latent-root test statistic and the maximal R?(y) in our study build on a
multivariate information set. Thirdly, these statistics also allow us to evaluate
and compare the statistical significance of the variables proxying for shocks to
future cash flows and proxying for variations in future discount rates.

Additionally, we employ an alternative multivariate approach with less
restricted assumptions that allows us to check the robustness of our results.
Unlike the maximal R?*(y) and the ! statistic, the asymptotic result of this
alternative approach does not depend on the normality assumption. Following
Gourieroux et al. (1991), we use the canonical analysis framework to examine
the null hypothesis RB = 0. It is shown that the Wald statistic for testing
RB = 0 is given by

N
(8) W=T Y w/(1-w)

i=1
where ;s are the latent roots of the matrix (Q +S)™'S. Under the null
hypothesis, W has an asymptotic chi-square distribution with K1 X N degrees
of freedom.

As the construction of the W statistic is different from the [ statistic, the
former offers some additional information on the incremental explanatory
power of the variables and also provides a means to assess the robustness of
the results derived from the maximal R?(y) and [ test statistics."’ In contrast,
however, the maximal R%*(y) and [ statistics allow us to gauge the extent to
which the total variance of real return variation can be explained by the proxies
for cash-flow and discount-rate variables.
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IIX. Empirical results

III.A. Univariate analyses

Table 2 presents both the monthly and quarterly R?s for the models specified
by relations {1)-(3). Since parameter estimates of each model formulation are
essentially the same as those found in the literature, we do not report them.'?
We also check the adequacy of the full model specification (3) by performing a
number of diagnostic statistics. In examining the first 12 lags of the resulting
residuals, we reject three of the 18 cases that there exists no serial correlation
as well as no autoregressive conditional heteroskedasticity. Both tests are
evaluated at the 5% significance level. Overall, these statistics suggest that the

TABLE 2. Adjusted R?s from regressing monthly and quarterly country stock real returns on
proxies for time-varying expected returns and global shocks to both expected returns and
expected cash flows

Country Rf R Ry RY Ry RY
Australia 0.07 0.03 0.05 0.26 0.11 0.21
Austria 0.07 0.01 0.06 0.18 0.05 0.15
Belgium 0.10 0.04 0.09 0.24 0.09 0.21
Canada 0.06 0.03 0.05 0.27 0.17 0.17
Denmark 0.11 0.06 0.07 023 0.15 0.15
France 0.10 0.02 0.09 0.19 0.10 0.13
Germany 0.11 0.03 0.08 0.22 0.04 0.18
Hong Kong 0.07 0.03 0.05 0.10 0.05 0.09
Italy 0.03 0.01 0.03 0.13 0.02 0.12
Japan 0.10 0.06 0.07 0.20 0.12 0.1
Netherlands 0.12 0.04 0.10 031 0.09 0.27
Norway 0.06 0.03 0.05 0.13 0.07 0.10
S’pore /M’sia 0.08 0.06 0.02 0.18 0.10 0.11
Spain 0.05 0.02 0.04 0.09 0.04 0.06
Sweden 0.06 0.02 0.05 0.14 0.04 0.11
Switzerland 0.13 0.04 0.11 0.35 0.09 0.31
United Kingdom 0.10 0.04 0.07 0.28 0.13 0.17
United States 0.08 0.04 0.06 0.30 0.10 0.27

R%f, R} and R%? are the R®s obtained from the regressions of monthly r, on: (1) P,, P, .5,
P.s, P.o, WDY,_,, TED,_,, TERM,_,, TEDSH,, and TERMSH,; (2) £, P, 3, P, ., and
P,.y; and (3) WDY,_,, TED,_,, TERM,_,, TEDSH,, and TERMSH,, respectively. The
R3F, RY', and R%? are their quarterly counterparts. r is the real return, WDY is the World
dividend yield (over the past 12 months) on the MSCI World index, TED is the
Eurodollar-Treasury yield spread, TERM is the term structure of interest rates, TEDSH and
TERMSH are the residuals from first-order autoregression fitted to TED and TERM, and
P,., is the growth rate of JPOECD (the industrial production index of the OECD
countries). The sample period is 1970:2-1991:12.
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model reasonably captures the temporal dynamics and the potential ARCH
effect documented in the stock price literature. On the other hand, however,
most individual country regressions fail the Jarque—Bera normality test. This
makes the robust Wald test a good complement to the maximal R” and the
maximum-latent root approaches in evaluating the explanatory power of the
variables employed.

Several interesting observations emerge from Table 2. Firstly, we find that
much of the variability of real stock returns is better explained by both
time-varying expected returns and shocks to expected returns than by global
shocks to expected future cash flows.”” The monthly R’s from regressing real
stock returns against OECD future production growth rates are mostly smaller
than the quarterly R*s. This finding is mainly due to the fact that fluctuations
in expected future cash flows influencing stock prices are generally not immedi-
ate because output from investment usually takes a long time to materialize.
The result thus suggests that effects due to time-varying expected returns and
to shocks to expected returns contribute substantially to the increased strength
in the explanatory power._

Secondly, 32 of the 36 R’s from the model (3) are less than the sum of the
separate explanatory powers of the two sets of variables, while the remaining
R’s are equal to the sum. This finding indicates a strong interaction among the
countries’ real returns, the proxies for time-varying global discount-rate vari-
ables, and the global shocks to expected future cash flows. Lastly, the combined
explanatory power of the two groups of information variables generally be-
comes greater as the horizon increases. For the monthly horizon, the average
R? is 8.3%, while for the quarterly horizon, it is 21.1%.

So far, this analysis has not accounted for the widely documented strong
cross correlation in international stock returns (see, for example, King and
Wadhwani, 1990; Bekaert and Hodrick, 1992; Campbell and Hamao, 1992).
Although our results provide comparisons with those of the existing studies
using univariate analyses, the estimators are likely to be inefficient and
statistical inferences drawn may be misleading. In subsequent subsections we
will apply multivariate statistical methods to adjust for cross correlation in
international stock returns.

I11.B. Global sources of rational variation — their maximum
explanatory power

This section uses the Lo and MacKinlay (1995) multivariate method to exploit
the co-movement among international stock market returns and among the
proxies for discount-rate and cash-flow effects. Here we estimate the maximum
explained proportion of common variation in stock market returns attributed
to the two selected groups of proxy variables. The combined and separate
maximal R?(y)s estimated, together with the W statistics, using this represen-
tative world portfolio (henceforth called the ‘maximal world portfolio’) are
reported in Table 3. This maximal world portfolio is constructed by maximizing
the R? according to the procedure described in Section IIB. The largest latent
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vector at which R’ is maximized determines the asset weights in the world
maximal portfolio.

The maximal R2(y)s in Table 3 are always larger than the conventional R?s
for each nation’s stock market, as reported in Table 2. The maximal R%(y)s,
which are evaluated based on the simulated critical values of the R’s reported
in Table A.1 in the Appendix, are all significant at the 5% level, and so are the
W statistics. This finding provides strong evidence of cross effects between
countries’ stock returns and world economic variables. When we consider only
cash-flow variables in the regression, all the coefficients on the future OECD
production growth rates, except for the two on the monthly P, , and P, , are
positive. This result is generally consistent with an equilibrium asset pricing
model. Since financial securities are claims against future outputs, any increase
in expected future levels of economic activity will induce a higher expected
equity return. We observe, however, that growth rates in industrial production
proxying for expected future cash flows can explain a larger fraction of the
variance of quarterly real returns than of monthly real returns. The quarterly

TaBLE 3. Monthly and quarterly regressions of the representative maximal world portfolio
against the proxies for time-varying global expected returns, global shocks to expected
returns, and shocks to expected global future cash flows

a, a, a, a, as ag a, ag ag R¥y) W

Monthly
—-141 -992 355 1055 0.13* 96.18*
(2.82) (242) 258 (230
21.59 —23.00 1231 —1533 1456 0.18* 153.72*
(5.86) (5.48) (4.66) (6.17) (14.08)
2627 —34.56 1350 —1599 1475 -124 -024 -0.22 1.04 0.23* 244.93*
(7.56) (7.45) (6.63) (7.84)(16.89) (0.42) (039 (0.33) (0.36)

Quarterly
106 037 4.56 0.58 0.37* 116.60*
0.80) (0.71) ©.75) (0.73)
11.76 —4.16 3734 —32.72 —14.33 0.48* 185.20*
4.13) (515 (1084 (5.52) (16.85)
17.66 —21.05 83.69 —5232 873 —456 —2.67 —3.66 3.04 0.59*% 339.27*
(7.04) (791 (19.68) (10.23)(28.55) (1.14) (1.10) (0.93) (1.17)

The fitted model is r,=a+ a; P, + a, P, 3+ a3P, s+ ay P, o + asWDY, | + o TED,_, +
a,TERM, _; + a;TEDSH, + aTERMSH, + »,, where r is the real return, WDY is the
world dividend yield (over the past 12 months) on the MSCI World index, TED is the
Eurodollar-Treasury yield spread, TERM is the term structure of interest rates, TEDSH and
TERMSH are the residuals from first-order autoregression fitted to TED and TERM, and
P,,, is the growth rate of [POECD (the industrial production index of the OECD
countries). Heteroskedastic-consistent standard errors are in parentheses. *Denotes
significance at the 5% level. R*(y) and W are the adjusted maximal R? and the Wald
statistics, respectively. The sample period is 1970:2-1991:12.
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maximal R*(y) is 37%, while the monthly maximal R(y) is only 13%. But
both are significant at the 5% level.

When we use proxies for time-varying discount-rate variables alone in the
regression, the quarterly maximal R*(y) is almost three times larger than the
monthly maximal R?*(y). The two commonly used forecasting variables —
dividend yields and term spreads — are found to be positively related to
expected real return on the maximal portfolio. Positive coefficients on WDY
and TERM are consistent with asset pricing models such as Breeden (1979),
Cox et al. (1985), and Constantinides (1990). These models imply that a
depressed state of economy with low consumption is associated with a high
relative risk aversion and hence a high expected market return.

When we consider the measures of return variation jointly, the monthly
maximal R*(y) is 23%; the separate maximal R%(y)s for the proxies of global
shocks to expected future cash flows, and for the expected return variables, are
13% and 18%, respectively. For quarterly horizons, the values of the maximal
R*(y)s are substantially larger and are also significant at the 5% level. The
explanatory power of the global measures of return variability improves with
the holding period horizon. The combined maximum explanatory power of
these variables increases from 23% for the monthly horizon to 59% for the
quarterly horizon.

Interestingly, all the monthly and quarterly shocks to expected future global
cash flows have significant effects on real return. In contrast, the discount-rate
variables for different horizons demonstrate different effects on real return
variation. While some of the coefficients on monthly measures for time-varying
expected returns and shocks to expected returns are significant, almost all of
those quarterly variables (except for WDY) are significant. Thus, information
about the world real sector does provide a rational explanation for the cross
section of countries’ stock market movements. Overall, evidence suggests that
proxies for global time-varying expected returns, global shocks to expected
returns, and for global shocks to cash flows share some common information
that is useful for explaining real return movements.

II1.C. What the global sources of rational variation are

In this section we compare the information contained in the two sets of
selected variables. Specifically, we address the following issues:

1. whether the two global sources of variation contain non-overlapping infor-
mation about the real equity return, and

2. whether the cash-flow effect and the discount-rate effect provide incremen-
tal information about the global real equity variation in the presence of
each other.

Here we use the multivariate maximum-latent-root test and the robust Wald
test to measure and compare the information contained in the proxy variables
with respect to the real return on the maximal world portfolio. There are three
possible cases. If one source of variation contains some unique information
about the real return on the maximal portfolio, then it will have significant
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TABLE 4. Results for the incremental explanatory power of the two sources of real return

variation
Incremental explanatory Monthly Quarterly
power of X,, ] W ] W
Global shocks to expected cash flows (H1) 0.12 86.62 0.46* 134.86*
Global expected-return variables (H2) 0.18 144.23* 0.53* 203.86*

The reported incremental explanatory power of one measure of variation is evaluated in the
presence of the other. The sample period is 1970:2—1991:12. Proxies for global shocks to
expected cash flows include P, P, ;, P,, ¢, and P, , while those for global expected-return
variables are WDY,_,, TED, _, TERM,_,, TEDSH,, and TERMSH,. WDY is the world
dividend yield (over the past 12 months) on the MSCI world index, TED is the
Eurodollar-Treasury yield spread, TERM is the term structure of interest rates, TEDSH and
TERMSH are the residuals from first-order autoregression fitted to TED and TERM, and
P, is the growth rate of IPOECD, the industrial production index of the OECD countries.
*Denotes significance at the 5% level; / and W are the maximum latent root and Wald
statistics.

incremental explanatory power in the presence of another source of variation.
In other words, the resulting / and W statistics will be significant. If both
sources of return variation contain essentially the same information, the / and
W statistics for both measures will be insignificant. Finally, if the information
contained in one source of variation is already contained in another, then only
the latter source will yield significant [ and W statistics.

Table 4 reports the maximum-latent-root and the Wald test results using
monthly and quarterly observations. The former’s statistical significance is
evaluated based on the simulated critical values reported in Table A.2. Table 4
shows an interesting pattern in the calculated / and W statistics. Both the
monthly / and W statistics are all smaller than the quarterly ones, and the
proxies for global shocks to expected future cash flows always generate lower /
and W statistics than do the proxies for discount-rate variables.

Generally, the results are robust to the different methodologies used. Only
in the case of monthly observations where discount-rate variables are evaluated
in the presence of shocks to expected future cash flows that the [ and W
statistics produce different results. Based only on the Wald test that is robust
to non-normal errors, the discount-rate variables contain significant incremen-
tal explanatory power beyond that already contained in the global shocks to
expected future cash flows, but not vice versa. In contrast, when we use
quarterly observations, both sets of proxy variables play an important role in
explaining the real return on the maximal world portfolio. Shocks to expected
future cash flows do contain incremental information about quarterly real
returns, while proxies for discount-rate variables exhibit incremental explana-
tory power for both monthly and quarterly returns.

Our findings therefore demonstrate that future growth rates in industrial
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production are better at explaining longer horizon returns. Other studies such
as Fama (1990) and Chen (1991) have also reached this conclusion. In sum-
mary, evidence suggests that proxies for discount-rate variables are the major
source of short-horizon return variation and that both discount-rate and
cash-flow variables contribute to longer-horizon return variation. Given that
these selected variables are related to the current and future state of the world
economy, we infer that the variation in real return is rational.

IV. Concluding remarks

This paper has proposed multivariate statistical methodologies to examine
whether there exist systematic global sources of rational variation in 18
different aggregate stock indexes around the world. We have found evidence
that the selected global economic variables that proxy for time-varying global
expected returns and for global shocks to both expected returns and expected
future cash flows can jointly and reliably explain stock market returns. The
global economic variables proxying for time-varying expected returns and for
shocks to expected returns capture up to a maximum of 18% of monthly stock
return variance and 48% of quarterly variance. Current and future global
production growth rates that incorporate information about global economic
real activity capture up to a maximum of 13% of monthly variation and 37% of
quarterly variation. The fractions of the total explained portion of price
variability are 23% and 59% for the monthly and quarterly horizons. The
explanatory power of the two different global measures has increased at least
two-fold when quarterly return observations are used in the place of monthly
observations.

Our findings show that the discount-rate effect contains incremental infor-
mation useful for explaining monthly and quarterly real equity price move-
ments, and that the cash-flow effect only plays an important role in quarterly
return variation. Evidence thus suggests that global economic and business
conditions do have an impact on real equity return variation. And proxies for
future global economic activity tend to have a greater impact on longer real
return variation. Overall, real equity return movements reflect the rational
behavior of investors as a substantial amount of return variation can be
explained by the fundamental variables.

Appendix

The distribution is based on Monte Carlo simulations consisting of 10000 independent
replications of 251 and 83 i.i.d. Gaussian observations for the monthly and quarterly
horizons, respectively. The regressors are (1) for R9: WDY,_,, TED,_,, TERM,_,, SHD,,
SHM,, P, P,.3, P, and P, g (2) for RS: WDY,_,, TED, _,, TERM,_,, TEDSH,, and
TERMSH,; and (3) for R4: P, P,, 5, P,.s, and P, ;. A constant is included in these
regressions. WDY is the world dividend yield (over the past 12 months) on the MSCI world
index, TED is the Eurodollar-Treasury yield spread, TERM is the term structure of interest
rate, TEDSH and TERMSH are the residuals from first-order autoregression fitted to TED
and TERM, and P, is the growth rate of IPOECD, the industrial production index of the
OECD countries.
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TABLE A.1. Simulated sample distributions of the maximal R? under the null hypothesis of
no relation

Mean S.D. Min Max 1% 5% 10% 50% 90% 95% 99%

Monthly horizons — sample period (January 1970-December 1991)
R9 0052 0.021 0.002 0166 0.014 0.022 0.027 0.049 0.079 0.089 0.107
R5 0.041 0.017 0.003 0.144 0.012 0.017 0.021 0.039 0.064 0.072 0.091
R4 0.037 0.016 0.003 0.130 0.010 0.016 0.019 0.035 0.059 0.067 0.083
Quarterly horizons — sample period (January 1970-December 1991)
R9 0156 0.058 -—0.003 0410 0044 0.071 0.086 0.152 0.234 0.260 0.305
R5 0.124 0.049 0.005 0392 0.038 0.055 0.065 0.118 0.189 0.211 0.256
R4 0.114 0.047 0.009 0344 0.032 0.050 0.059 0.108 0.178 0.201 0.246

TABLE A.2. Simulated sample distributions of the maximal-latent-root test statistic { in the
presence of X,,

Mean S.D. Min Max 1% 5% 10% 50% 90% 95% 99%

Monthly horizons — sample period (January 1970-December 1991)
H1 0256 0.046 0.123 0453 0155 0175 0186 0.224 0248 0251 0.253
H2 0277 0045 0144 0499 0.175 0.195 0.207 0245 0269 0271 0.274
Quarterly horizons — sample period (January 1970~December 1991)
H1 0373 0061 0185 0611 0239 0.264 0277 0330 0363 0367 0.370
H2 0397 0058 0219 0.633 0265 0292 0307 0355 0387 0391 0.39%

The distribution is based on Monte Carlo simulations consisting of 10000 independent
replications of 251 and 83 i.i.d. Gaussian observations for the monthly and quarterly
horizons, respectively.

Notes

1. Schwert (1990) extends the sample period from 1889 to 1988 and finds that Fama's
results are robust even with a much longer sample period.

2. US Treasury bill yields come from the CRSP bond files, while US long-term government
bond yields come from Citibase.

3. Notice that the selection of global variables proxying for time-varying expected returns
contrasts with that of Harris and Opler (1993), who use country-specific dividend yields
and the term structure of interest rates as proxies for time-varying expected returns.
Thus Harris and Opler’s study uses a univariate approach that contrasts with our
multivariate method. Our approach is, however, consistent with the Ferson and Harvey
(1993) findings that global variables such as TERM and TED can better capture time
variation in the global risk premiums. See, also, Cheung et al. (1997).

4. According to Aliber (1978), the Eurodollar yield spread can be generally viewed as a
political risk premium that reflects either actual or anticipated barriers to arbitrage
across national borders.

5. Future growth rates up to 24 months ahead were also considered in our preliminary
analysis. However, industrial production growth rates beyond 12 months ahead were
typically insignificant and, hence, were not incorporated in our subsequent analyses.
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6. We also performed the same regressions using the United State’s industrial production
and found that the results were qualitatively similar.

7. For practical purposes, one may want to consider portfolio weights that are constrained
to be non-negative. In this case, one can obtain the desired portfolio weights numeri-
cally by incorporating the restriction y = 0 in the algorithm used to maximize R%(y). We
estimated both the unconstrained and constrained maximal portfolios. Since the results
are qualitatively similar, we present the unconstrained maximal portfolio results, while
the constrained portfolio results are available upon request.

8. This result can be derived using the method employed by Lo and MacKinlay (1995) to
obtain their maximal R%(y).

9. The conditional homoskedasticity and normality assumptions of &,s do not imply that
R,s are conditionally homoskedastic and normal. When ;s are conditionally het-
eroskedastic, a general central limit theorem can be used to show that the distribution
given in the text is still valid in large samples. Also see the related discussion by Lo and
MacKinlay (1995).

10. The distribution function of A is given by, for example, Muirhead (1982, {37 on page
483). Because [ is a monotone function of A, its distribution function can be obtained
from that of A by direct substitution. _

11. Throughout this paper, we use the adjusted coefficient of determination R?(y) instead
of R*(y). R*(y) provides a better comparison across different model specifications,
because it accounts for the number of regressors in the model. Since R2(y) is
proportional to R%(y), the portfolio that maximizes R*(-y) also maximizes R2(y).

12. Detailed results are available upon request.

13. We found similar results when regressing the real stock market returns of the G-7
countries against their respective growth rates in industrial production. However, we did
not conduct the analysis in the case of Singapore/Malaysia and Hong Kong since data
on the latter’s IPs were not available.

References

Aliber, R. Z. (1978) Exchange Risk and Corporate International Finance. John Wiley, New
York.

Bekaert, G. and Hodrick, R. J. (1992) Characterizing predictable components in excess
returns on equity and foreign exchange markets. Journal of Finance 47, 467-509.

Breeden, D. T. (1979) An intertemporal asset pricing model with stochastic consumption
and investment opportunities. Journal of Financial Economics 7, 265-296.

Campbell, J. Y. and Hamao, Y. (1992) Predictable stock returns in the United States and
Japan: a study of long-term capital market integration. Journal of Finance 47, 43-69.

Chen, N.-F. (1991) Financial investment opportunities and the macroeconomy. Journal of
Finance 46, 529-554.

Cheung, Y.- W, He, J. and Ng, L. K. (1997) Common predictable components in regional
stock markets. Journal of Business and Economics Statistics 15, 35-42.

Constantinides, G. M. (1990) Habit formation: a resolution of the equity premium puzzle.
Journal of Political Economy 98, 519-543.

Cox, J. C., Ingersoll, J. E. Jr. and Ross, S. A. (1985) An intertemporal general equilibrium
model of asset prices. Econometrica 53, 363-384.

Fama, E. F. and French, K. R. (1989) Business conditions and expected returns on stocks
and bonds. Journal of Financial Economics 28, 23—49.

Fama, E. F. (1990) Stock returns, expected returns, and real activity. Journal of Finance 45,
89-108.

Ferson, W. E. and Harvey, C. R. (1993) The risk and predictability of international equity
returns. Review of Financial Studies 6, 527-566.

835



Rational Variation in International Equity Returns: Y-W Cheung et al.

Gourieroux, C., Monfort, A. and Renault, E. (1991) A general framework for factor models.
INSEE Working Paper 9107.

Harris, T. C. and Opler, T. C. (1993) Stock market returns and real activity: international
evidence. Working Paper, Southern Methodist University.

Keim, D. B. and Stambaugh, R. F. (1986) Predicting returns in the stock and bond markets.
Journal of Financial Economics 17, 357-390.

King, M. A. and Wadhwani, S. (1990) Transmission of volatility between stock markets.
Review of Financial Studies 3, 3-33.

Lo, A. W. and MacKinlay, A. C. (1995) Maximizing predictability in the stock and bond
markets. M.I.T. Working Paper #1030-95.

Muirhead, R. J. (1982) Aspects of Multivariate Statistical Theory. John Wiley, New York.

Roll, R. (1988) RZ. Journal of Finance 43, 541-566.

Schwert, G. W. (1990) Stock returns and real activity: a century of evidence. Journal of
Finance 45, 1237-1257.

836



