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This paper investigates the nature of the volatility process among security
prices for US, Europe and the Pacific Rim capital markets using a new
data set that removes the problem of disparate index composition associ-
ated with aggregate stock market index series. We use the common
ARCH-feature testing methodology, recently developed by Engle and
Kozicki (Journal of Business Economics 11, pp. 369-380, 1993), to examine
the issue of a common volatility process among asset prices of nine
industry groups from three economic regions of the world economy. It is
found that industry-return series exhibit intra-industry common time-vary-
ing volatility process. The evidence is consistent with the view that world
capital markets are related through their second moments implying that a
world common time-varying variance specification seems to be appropri-
ate in modeling asset prices. While our empirical evidence suggests that
investors can form constant-variance portfolios by investing within an
industry across regions, they will be better off if they invest across regions
and industries rather than diversify within an industry across different
geographical regions. That is, the industrial mix of global investment
portfolios accounts for a substantial proportion of the international
diversification benefits. Finally, our results appear to be consistent with
Roll (Journal of Finance, 47, pp. 3-41, 1992) view that the industrial
structure of national stock exchange indices is important for explaining
cross-sectional return volatility differences. (JEL G14, G11). © 1997
Elsevier Science Ltd.

*We are grateful to two anonymous referees for their insightful suggestions that greatly
improved this article. We have also benefited from our discussion with Sharon Kozicki and
Raul Susmel.
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With growing interest in international asset allocation, a number of studies
have provided evidence of significant international linkages among aggregate
price indices of national exchanges. Recent studies include Fun and Shim
(1989), Hamao et al. (1990), Barclay et al. (1990), and Arshanapalli and Doukas
(1993). Earlier studies, however, on share price comovements across exchanges
by Grubel (1968), Levy and Sarnat (1970), Agnon (1972), Ripley (1973), Solnik
(1974), Lessard (1976), Panton et al. (1976) and Hilliard (1979), using either
correlation or variance-covariance or spectral analysis, found low correlation
between changes in international stock price indices.! Cross-market correla-
tions are generally much larger in periods of high volatility while they appear
to subside to modest or even negligible associations during periods of more
normal trading activity. Furthermore, volatility is systematically higher in some
national equity markets than in others. Since the constituent stock of national
exchange indices are not identical, the episodic increases in correlated move-
ments of the indices can be attributed simply to the technical procedures of
index construction (i.e. some indices have a small number of stocks while
others have a larger number), their industrial composition (i.e. some have
industries that are inherently more or less volatile) (see Roll, 1992) and to
changes in actual or perceived relative importance of common factors in
periods of unusual volatility. Roll (1992) provides a detailed empirical study on
the industrial structure and the comparative behavior of international stock
market indices in an attempt to explain why stock price indices exhibit
disparate behavior. He finds that stock market indices reflect the idiosyncrasies
of each country’s industrial structure which explains why aggregate equity
market and correlation structure of country index returns differ across coun-
tries. Heston and Rouwenhorst (1994), however, attribute the cross-sectional
differences in return volatility between country indices to country-specific
sources of return variation rather than the industrial composition of country
indices. Specifically, they report that the industrial structure of 12 European
countries over the 1978-1992 period explains only a small fraction of the
cross-sectional differences in return volatility. Hence, they argue that because
industry effects are so small, country diversification rather than industry
diversification must be pursued by investors for effective portfolio risk reduc-
tion.

The thrust of this paper is to investigate the nature of the volatility process
among security prices, in the absence of the disparate composition of the price
indices of national exchanges, by examining the behavior of a set of nine
industry groups as they are valued in US, Europe and Pacific Rim capital
markets. Specifically, the industry groups are organized within nine sectors,
such as basic materials, utilities, consumer cyclical, and financial (see, Dow
Jones World Stock Index) that allow investors to measure how an individual
industry performs against its peer industry group on a regional and global
basis. Dow Jones and Company Inc., introduced the World Stock Index on
January 5, 1993 to provide a comprehensive measure of stock performance
with two comparative views: geographic and industrial. The same criteria in
selecting stocks for the nine industry groups are used across different regions
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of the world to assure comparability when investors assess one group of stocks
in US and the same group in Europe and the Pacific Rim. Using this
disaggregated set of data we are interested in the extent to which security
prices across the three major regions of the world have the same volatility
process. If industry indices across different regions of the world are shown to
have common time-varying volatility, then regional stock market volatility will
not be confounded by industry effects. That is, the industrial composition
would have no role in explaining cross-regional market volatility. To ascertain
the influence of industry effects on the typical stock’s return behavior (i.e. in
isolation of any other sources of return variation) requires the use of industry
rather than aggregate stock market indices which are more likely to be under
the influence of regional-specific components of return variation. This study
builds on and extends the recent literature of stock market linkages by using (i)
a new data set that overcomes the disparate composition problem associated
with aggregate price indices of national exchanges and (ii) a recently developed
methodology by Engle and Kozicki (1993) which takes advantage of the
time-varying structure of security time series’ variances to test for common
volatility (features). As Engle and Kozicki (1993) note, it is quite possible for
two stock markets to be dependent, because they might be related through
their second moments, even though they exhibit small correlations in returns.
For instance, while Roll (1992) reports low correlations for 24 countries, Engle
and Susmel (1993) provide evidence which points out that national stock
markets are linked through their second moments.

The objective of this study is two-fold. First, we search for a time-varying
volatility process in nine industry groups for the US, Europe and Pacific Rim
capital market regions. Second, we investigate whether a common factor is
driving the intra-industry volatility across regions of the world economy. Our
results indicate that there is a common factor in the industrial structure of US,
European and Pacific Rim capital markets that has time-varying volatility. It is
shown that this is a world factor and not a regional factor.

The outline of the paper is as follows. Section I describes the data and
sample characteristic. The ARCH testing procedure and ARCH results are
also reported. The concept of the common ARCH-feature and its methodology
are introduced in Section II. In Section III the common ARCH evidence is
presented and discussed. A summary and concluding remarks are provided in
Section IV.

L. Data and methodology

LA. Sample characteristics

The sample consists of daily index values, categorized by the Dow Jones World
Stock Index in nine broad economic sectors (industries) (i.e. Basic Materials,
Consumer/Cyclical, Consumer/Non-cyclical, Energy, Financial, Industrial,
Technology, Utilities and Independent?) for the US, European and Pacific Rim
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regions. The countries included in the Pacific Rim region are: Australia, Hong
Kong, Japan, Malaysia, New Zealand, and Singapore. Countries in the index
that are grouped in three geographic regions (Americas, Europe and Pacific
Rim), in turn, make up the world index. Each country’s index is calculated in
that country’s own currency as well as the US dollar, British pound, German
mark and Japanese yen. The index values used in this study are US dollar
denominated. The Dow Jones World Stock Index was introduced January 5,
1993 and hence the sample of this study contains all daily values from January
5, 1993 to December 31, 1993. The industry index series are market capitaliza-
tion weighted values and have been constructed not to double count those
stocks multiple-listed on foreign stock exchanges (see WSJ; 1/15/93 for more
details on the construction of the index series).

In Table 1 univariate statistics are reported for the nine industries in the
sample. First-order autocorrelations and Ljung-Box (LB) test statistics for
serial correlation are also reported. The results show that the unconditional
distribution for all industries is not normal. Furthermore, the autocorrelations
appear to be fairly small, and the LB statistic values seem to be statistically
insignificant at the 5% level.?

Table 2 reports the results of correlation analysis. The correlation matrix is
estimated for the index (Panel A) and the squared index (Panel B) series. The
rationale for the estimation of squared correlations is basically the same as the
rationale for the ARCH tests. That is, while industry index series across
different regions might be uncorrelated through their first moments they might
be correlated through their second moments (volatilities). The results listed in
Panel A show that correlations between the three regions of the world
economy (i.e. results reported in the first three columns), for all nine industries,
are very low. All 27 correlation coefficients are well below 0.25. However, there
is a pattern of higher correlations between the three regions and the world
index (i.e. results reported in the last three columns). Eight correlation coeffi-
cients out of 27 appear to be higher than 0.50. Three US industries (i.e.
consumer /cyclical, consumer/non-cyclical and technology) have correlation
coefficients greater than 0.63 while four Pacific Rim industries (i.e. Basic
materials, consumer /cyclical, industrial and technology) have correlation co-
efficients greater than 0.58 with the corresponding world industry indices.
European industries, with the exception of utilities, appear to have correlation
coefficients lower than 0.40. Overall, the correlation results for the nine
different industries examined here seem to favor weak linkages across the
major regions of the world economy. These results are consistent with Roll
(1992), and Engle and Susmel (1993) evidence that documents low correlations
across countries, using aggregate stock exchange index series. Based on these
low industry intercorrelation results across the three regions of the world
economy, someone might be tempted to attribute the benefits of international
diversification, documented by earlier studies, to the industrial-specific sources
of return variation. This, however, may not be true if industries across different
geographical regions have the same volatility structure (i.e. they are correlated
through their second moments).
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I.B. ARCH testing procedure

Testing for common volatility across the nine industry index series for different
geographical regions of the world economy, requires that each series displays
an ARCH effect (i.e. time-varying volatility).” To test for ARCH effects in the
time series the following regression is estimated’

n
A2 _ A2
& =a,+ ) a;€;.;tu,
j=1

where a;, represents a constant parameter, €, identifies the autoregression
residuals and v, is an error term. The residuals, €,, were obtained by first
regressing log index changes (i.e. industry returns) on a constant term, four
own lags and an indicator variable to account for the day-of-the-week effect in
the return series. The test statistic is obtained by multiplying the regression R*
to the sample size (T). Engle (1982) shows that the 7X R? test has an
asymptotic chi-squared distribution with degrees of freedom equal to the
number of lagged squared residuals.

Table 3 reports univariate and multivariate information-based ARCH re-
sults. The ARCH (1) test indicates univariate ARCH with one lag while ARCH
(4) reveals univariate ARCH with four lags. The MARCH test is an ARCH test
with a multivariate information set. MARCH (1) signifies one lag while
MARCH (4) a four lag structure. This test is obtained by using not only own
lagged squared residuals but also lagged squared residuals of the other series
as well as lagged cross-products of the other two residual series. For US,
European and Pacific Rim series we used their own lagged squared residuals
and lagged squared residuals series of the World and their respective cross-
products. For the World series, in addition to its own lagged series we have
used lagged US series and the cross-product of US and World series.® The
distribution of this test is chi-squared as well. The purpose of using a multivari-
ate information set is to check whether we would find ARCH in the series if no
ARCH is found in the univariate ARCH tests. The critical values for univariate
and multivariate ARCH tests are as follows. For ARCH (1), at the 5(1) percent
level, is 3.84(6.63). For ARCH (4), at the 5(1) percent level, is 9.49(13.3). For
MARCH (1), at the 5(1) percent level, is 7.81(11.34) and for MARCH (4)
19.30(24.70), respectively.

In the US, all industry groups with the exception of energy and industrial
industries show evidence of ARCH effects. In Europe, three industry groups
(i.e. basic materials, consumer /cyclical and industrial) exhibit no time-varying
variance while the other six display ARCH effects. This might reflect the
influence of regulatory constraints and/or price controls still in place among
many European countries. In the Pacific Rim, all industry groups except the
group of utilities do provide evidence of ARCH effects. ARCH effects are also
present in all industry groups for the entire world economy. The 7 X R®
estimated values are significant for all industry groups at the 1% level of
significance. The critical values for ARCH (1) and ARCH (4), at the 1% level,
are 6.63 and 13.3, respectively, well below the estimated 7 X R’ statistics
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TaBLE 3. ARCH tests: January 5 to December 31, 1993

T X R? statistics®

Industry UsS Europe
ARCH MARCH  ARCH MARCH
03] 4) ® 4 (¢))] @) 6)) 4)
Basic materials 4130 4158 5051 5654 178 244 205 382
Consumer /cyclical 4454 4556 4465 4754 1.72 230 245 326
Consumer/non cyclical 43.23 4481 44.12 4805 1515 1545 1572 1998
Energy 356 351 1840 3529 87.64 8383 9310 9243
Financial 4264 4447 4271 5286 44.57 4542 4561 47.90
Industrial 1.86 2.57 2.72 3.81 3.03 3.39 3.29 4.14
Technology 50.05 5085 5842 5558 6424 6373 6500 70.73
Utilities 33.82 3597 3383 3789 2721 2735 2726 3013
Independent 58.58 6434 5859 65.14 60.65 60.93 60.87 64.80
Industry Pacific Rim World
ARCH MARCH ARCH MARCH
1 ) 6)) 1G] @® 4 ¢)) 4

Basic materials 30.71 30.63 30.81 3323 3592 36.60 36.10 39.88
Consumer /cyclical 35.00 3774 37.86 4320 4048 4450 4130 4740
Consumer/non-cyclical 36.89 3824 60.16 69.15 4325 4412 4468 48.14
Energy 4211 4300 4286 49.24 4821 4849 5238 53.60
Financial 38.80 40.67 4173 4694 1675 1676 16.81 17.52
Industrial 40.83 4181 4256 4650 37.61 3897 3822 4040
Technology 3543 37.89 4050 5031 3943 3994 3960 4191
Utilities 1.42 1.57 1.57 54.00 52.02 5475 5295 59.14
Independent 39.09 4190 4331 57.09 44.04 4593 4530 55.38

*Daily log index-estimated returns are first regressed against a constant, four own lags and
an indicator variable to account for the day-of-the-week effect in the series. Then, the
estimated errors are used to obtain the R? by regressing the squared errors against a
constant and own lags. The T X R? statistic is obtained by multiplying the R> times the
sample size. The distribution of this test is chi-squared with n (regressors) degrees of
freedom. Its critical value for ARCH(I), at the 5(1) percent level, is 3.84(6.63). For
ARCH(4), the critical value at 5(1) percent level, is 9.49(13.3). The MARCH test is an
ARCH test with a multivariate information set. This test is obtained by using not only own
lagged squared residuals but also lagged squared residuals of the other series as well as
lagged cross-products of the other two residuals series. Its critical value for MARCH(1), at
the 5(1) percent level, is 7.81 (11.34). For MARCH(4), the critical value at 5(1) percent level,
is 19.30 (24.70).

sufficient to reject the no-ARCH null hypothesis. The MARCH based results
confirm the presence of ARCH effects in most index series. Although MARCH
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results confirm the presence of ARCH in most industry-return series, it should
be noted that the multivariate information set did not add new information to
find ARCH in those series that were found to have no ARCH. For example,
the Basic Material series for the European region had no ARCH based on
univariate or multivariate ARCH tests. It should be noted that this is the case
for all the other return series. These results also suggest that it may not be
prudent to omit a time-varying risk premium in modeling stock return volatil-

ity.
II. Testing for common features

1I.A. Common ARCH-feature

The common ARCH feature test was introduced recently by Engle and Kozicki
(1993). The intuition of this test, which builds on the statistical idea of
cointegration (Granger, 1983; Engle and Granger, 1987)’, is that linear combi-
nations of autoregressive conditional heteroskedasticity (ARCH) time series
can generate time series that do not display a time-varying variance (i.e. linear
combinations of time series that do not exhibit ARCH effects). What makes
the common ARCH feature methodology appealing is that the linear combina-
tion identifies a portfolio that has a constant variance that is in conformity with
a simple one factor or an APT-like model. Furthermore, the common ARCH
feature framework is attractive because it does not suffer from the statistical
limitations of first moment analysis (see Engle and Susmel, 1993).

Engle and Kozicki (1993) have shown that a feature will be common in two
series if a linear combination of two data series fails to have the feature even
though each of the series individually exhibits the feature (i.e. ARCH). We
briefly describe, next, how the linear combination of two series may not have
the feature (i.e. no ARCH). Suppose that the x,, and y, series can be written
without loss of generality as
(1a) x,=8p, +e

xt?

(1b) yo=w te,,

where x,(y,) represents the daily observed industry index series, w,( p,) is the
time-varying risk premium and e,,(e,,) is the unexpected component of the
series.

with

e ., —D(0,62), e,lL_,—D(0,6?),

yt
ptlIt—l _D(O’hpt); w;IIz—l _D(Otht)y
h r=apo+ap]p12—1’ h =awo+aw1wl2—l

P wi

E(pe,ll,_)=0, E(we,ll_,)=0.
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where I,_,, is the information set on which agents condition their decisions at
time ¢ that includes all past information while ¢’ ((7 ) is constant variance,
h,(h,,) is a time varying variance that follows an ARCH process, and D(a,b)
an arbltrary distribution with mean a and variance b.

The variance of x,, and y, are equal to

(2a) V(x,) = 62hpf 0}2’
<2b> V(yl)=hw1+ay2’

which are both time varying. A feature that is present in each of the two series
is said to be common to those series if there exists a non-zero linear combina-
tion of the series (4, =x, — 7y,) that does not have the feature. This result is
obtained when w,=p, and 7=§ since u, has a constant variance,® (i.e.
u; = o’ + 102 Altematlvely, the null hypothes1s (i.e. no ARCH in the linear
combmatlon between the two series) of a common factor can be designed by
setting w, =p, and 7= 8

II.B. Common ARCH-feature methodology

The common ARCH-feature test, addresses the question whether ARCH-fea-
tures observed in single time series are shared in common. An ARCH feature
is said to be common if a linear combination of two time series does not have
the feature even though each of the series individually has the feature. In the
context of this study, we use the common ARCH-feature test to investigate
whether a common component is driving the volatility of the nine industries
across the three regions of the world economy (i.e. US, Europe and Pacific
Rim). The common ARCH-feature test is based on the estimation of the
T X R? statistic. The T X R? is obtained from regressing x, — 7y, on a constant,
lagged y, and lagged x,, and the lagged cross products of y, and x,. More
generally, the common ARCH testing procedure involves a search for a 7 such
that minimizes a test of this form

(3a) min, 7 X R*(7),

(3b) ul(r) = (x,~ 73,)’,

(3c) R =uX(r)Z(ZZ) ' ZuX(r) /o?,

where Z is the larger information set composed of y? |, x/_,, y- 2, X2 e

y2 > x2 P> and lagged cross-products Vict Xi—1> Yie2 Xi—gsees Yiop Xi—ps Vi 18
TX1,x,isaTX1vector, 7 1s the cofeature parameter and o’ is a consistent
estlmator of the variance of . This test is a general method-of-moments-type
test. That is, the objective is to identify a portfolio that is not correlated in the
squares with any information included in Z. Put it differently, if two industry
index series are individually characterized by ARCH effects, there might be a
portfolio (i.e. a linear combination) between them for which there is no
evidence against the null hypothesis of no ARCH. This, then, would provide
evidence that would favor the presence of a common volatility process in the
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