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Abstract

In this paper, we examine the scope for international stock portfolio diversification, from
the viewpoint of a United States representative investor, in regard to both the Asian and the
European stock markets. Our findings indicate that despite correlation style evidence to the
contrary, the European stock markets provide a superior long-term diversification
opportunity relative to that provided by the Asian stock markets. Hence, a short-term
measurement of interdependence appears to be uninformative with respect to the
diversification opportunities of investors with longer term investment horizons. In terms of
methodology, we adopt common stochastic trend tests, including a common stochastic trend
test which accounts for generalised autoregressive conditional heteroskedasticity effects in
conjunction with the recursive estimation of these tests to estimate the development of long-
term stock market interdependence linkages. Recursively estimated robust correlations
between the international stock markets are utilised to reveal the nature of short-term stock
market interdependence linkages.
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I. Introduction

Are global stock market correlations an appropriate calibration of the global scope for
stock portfolio diversification with regard to investors with long-term investment horizons?

In particular, in this article, we consider whether the classical mean-variance portfolio
allocation framework (Markowitz, 1952a, 1952b, 1987) identification of the correlation
measurement as a fundamental feature in the determination of the composition of an optimal
portfolio, in a context of uncertainty, is an appropriate strategy to inform long-term portfolio
allocation decisions.

Salient shortcomings of the classical mean-variance approach to portfolio allocation
are described in the literature including the implications of neglected estimation error with
regard to small changes in the expected returns and correlations (Scherer, 2002, and Garlappi
et al.,, 2007), the apparent long-term instability of the correlations among global stock
markets over time (Longin and Solnik, 1995, Bekaert and Harvey, 2000, Goetetmalnn
2005, Kimet al, 2005 and Englet al., 2006), the presence of inescapable transaction costs
(commissions, fees, bid-ask-spreads and taxes) and turnover constraints as a result of the
likelihood of illiquidity arising in the markets as well as the associated possibility of a costly
price impact of trades (Amihud, 2002, and Acharya and Pedersen, 2005). Notwithstanding
the provision in this literature of valuable (albeit partial) solutions to these shortcomings, it is
generally evident that the more extended the investor’'s investment time horizon, the more
severe the deleterious implications of the outlined shortcomings inherent to the mean-
variance portfolio allocation framework. As a result, it may be the case, in regard to an
investor with a relatively long-term investment horizon that an alternative measurement of
interdependence should be adopted which is expected to necessitate fewer opportunities to
rebalance the investor's stock portfolio with a view to availing of the potential for
international stock market diversification.

Time varying volatility effects further accentuate the dilemma of estimation error
with respect to the estimation of the main features of the classical mean-variance portfolio
allocation framework. Specifically, it is well established, at least since Forbes and Rigobon
(2002), that failure to take account of the time-varying nature of the covariance structure of a



system of traded securities may lead to significant biases in estimated and interpreted
correlation style results. To overcome this impasse a number of approaches have been
developed in the extant literatur&irst, Forbes and Rigobon (2002) provide an estimate of
unconditional correlation corrected for time varying volatility effecdcongda substantial

body of literature has used various autoregressive conditional heteroskedasticity (henceforth
ARCH) models such as the Dynamic Conditional Correlation (Engle and Sheppard 2001)
approach to estimate directly the dynamics of the correlation process across time. For
example, Hardouvelist al., (2006) in regard to European stock markets and ldyd.,

(2007) in regard to Asian stock markets have extracted time varying correlations which
explicitly model the structure of the correlation and covariance matrix at each point in time.
Notwithstanding these approaches to resolving the phenomenon of a time-varying covariance
structure in respect to the estimation of correlations, there remain the outlined shortcomings
with respect to the validity of correlations as a calibration of the global scope for portfolio
diversification (Naranjo and Porter, 2007, particularly over relatively long-term time
horizons.

In addition, it is evident that these shortcomings of the correlation measurement as an
indicator of interdependence may have far reaching consequences for the empirical asset
pricing literature where heretofore these shortcomings have been neglected (@taades
2010, de los Rios A.D., 2009, Saleem and Vaihekoski, 2008, Goriaev and Zabotkin, 2006,
Dvorak and Podpiera, 2006 and Dey, 2005) as well as the stock market integration and
contagion literatures (Singét al, 2010, Alagidede and Panagiotidis, 2009, Cajueiral,

2009, Lin and Swanson, 2008, Chuaataal., 2007, Tai, 2007, Gannon, 2005, Kearney and
Lucey, 2004, Hasan and Schmiedel, 2004, Swanson, 2003) and those contributions which
seek to explicate the correlation structure as dependent on economic freedom, cultural
distance, the legal framework or network strategies (Smimou and Karabegovic, 2010, Lucey
and Zhang, 2010 and Buchanan, 2007, Hasan and Schmiedel, 2004). In summary, these
latter contributions, while valuable in their own right, are incapable of reflecting long-run
relations which are not necessarily consistent with the documented short-run relations

estimated in these studies. As a result, a set of papers in the literature has adopted alternative



models of common stochastic trends to capture long-term interdependence linkages between
international stock markets.

While a significant body of papers has documented the nature of long-term relations
in both Asian (Yang and Siregar 2001, Azman-Saini 2002, Manning (2002), Phylaktis and
Ravazollo, 2005, Laopodis, 2005, Chang and Caudill, 2006 and Choudhry, 2007) and
European (Serletis and King 1997, Claral, 1997, Rangvid, 2001, Phengpis and Apilado,
2004, Voronkova, 2004, Yangt al, 2006, Syriopoulos, 2007 and Aggarvedlal, 2009)
stock markets only a few recent contributions have adopted techniques that control for
alterations in regime and time varying volatility effects. For example, Lucey and Voronkova
(2008) allow for regime switching in cointegrating relationships for Russian and European
stock markets and Lagoarde-Segot and Lucey (2007) examine Middle East and North
African stock markets and use, in addition to a regime switching cointegration methodology,
the nonparametric cointegration model of Breitung (2002) and the stochastic volatility
cointegration model of Harris et al., (2002).

In fact, it is clear that the literature in the area of cointegration testing, in the context
of ARCH style disturbances, is in its infancy. The theoretical literature (Lee and Tse (1996),
Silvapulle and Podivinsky (2000) and Hoglund and Ostermark (2003)) indicates that these
non-spherical disturbances aggrandise the size of the Johansen (1988) cointegration test. For
example, Lee and Tse (1996) report that while the Johansen (1988) cointegration test tends to
overreject the null hypothesis of no cointegration in favour of finding cointegration, the
problem is generally not harmful. Silvapulle and Podivinsky (2000) report results that are
similar. In contrast, Hoglund and Ostermark (2003) find that the eigenvalues of the long-
term information matrix for the Johansen (1988) cointegration test are highly sensitive to
conditional heteroskedasticity and that therefore this multivariate statistic is only reliable in
the context of homoskedastic processes. This latter finding, regarding the size of the
cointegration test, becomes increasingly pronounced the more integrated the ARCH process
considered. That said, these contributions pertain to low dimensional systems and, as a result,
are of limited empirical relevance. In contrast, empirical contributions (Alexakis and Apergis

(1996), Gannon (1996) and Pahal., (1999)), across a wider range of system dimensions,



tend to indicate that these ARCH effects and their variants exert a significant and deleterious
impact on the statistical test's power properties. Specifically, the aforementioned empirical
literature identifies significant gains in statistical power once ARCH effects are controlled,
when testing for cointegration, using the Johansen (1988) technique.

It is in the spirit of this latter set of papers, which aims to control for
heteroskedasticity when testing for cointegration that we work. In particular, this paper
examines three interrelated issulst the extent to which intra-group predominant Asian
(Hong Kong, Japan, Korea, Singapore and Taiwan) and European (France, Germany, ltaly,
the United Kingdom and Sweden) stock markets are statistically interdependent, during the
period 1988 through to 2087 These groups are also extended to include the United States
stock markeét Statistical interdependence is estimated from both short- and long-term
vantage points. Second the time varying dynamics and alterations in regime of these
interdependence linkages are examined by means of recursive methodolDygiiek. the
extent to which conventional measurements, of short- and long-term interdependence, are
susceptible to the detection of “spurious” interdependence as a consequence of inadequate
test specification, in particular in how they account for heteroskedasticity, is addressed in this
article. We provide methodological novelty in particular in the latter, estimating a recent test
for cointegration under the assumption of ARCH style disturbances. This test, following
Gannon (1996) and Aggarwal and Muckley (2010), developed in the framework of the
Johansen (1988) cointegration statistic, permits the evaluation of the nature of
interdependence while correcting for ARCH style disturbances. We demonstrate how and
when the traditional Johansen (1988) and the new modified test statistic show divergent
evolutions of interdependence. In addition, we estimate the correlations — the short-term
interdependencies — in a manner, following Forbes and Rigobon 2002, which seeks to control
for heteroskedasticity.

Compared to previous literature, our contribution is threefaildt, we find that the

! This period starts after the global financial crisis of 1987 and ends before the advent of the global

financial crisis in 2008. Thus, it is the longest recent period that is uncontaminated by the largest rapid adjustments in
stock markets’ value in recent decades.

2 These markets were selected on the criterion of average market capitalisation in United States dollars during
the approximate twenty year period (depending on data availability) prior to December 2007.



set of important European stock markets exhibits a significantly larger correlation with the
United States stock market than exhibited by the group of important Asian stock markets.
Moreover, our findings indicate that this discrepancy is growing slightly over t8eeond

in contrast to the evidence provided by our examination of the continental stock market
correlations, the long-term relations appear to bind the Asian stock markets and the United
States stock market, while these long-term relations are largely absent between the European
stock markets and the United States stock market. As a result, our findings build directly on
those of Hsin (2004) who indicates distinct levels of interdependence between the United
States market and the European markets versus the interdependence between the United
States market and the Asian markelkird, following from these outlined contributions, our
findings indicate that the popular and traditional co-movement measurenenthé
correlation measurement) is uninformative with respect to the diversification decisions of a
representative United States investor with a long-term investment horizon.

The remainder of this article is organised as follows: Section Il describes the
econometric methodologies adopted in this article to model interdependence linkages
between the Asian and European stock markets and the United States stock market. Section
lll describes our data and presents the main finding from our estimation work. Finally,

concluding remarks are presented in Section IV.

Il. Correlation and Cointegration Modelling

In this Section, we outline a specification for the estimation of robust correlations and a
statistical test for the presence of otherwise of cointegration relations. Our purpose is to
estimate the static and dynamic short- and long-term interdependencies inter-relating the

United States stock market with the Asian and the European stock markets.

A.

We initially conduct robust correlation estimation over a moving window. The contrasting of



correlation coefficients during a stable period and during or after a shock is a popular
measurement of altering stock market interdependence. For example, King and Wadhwani
(1990) report a rise in stock market correlations between the United States, the United
Kingdom and Japan after the United States stock market crash, 1987. Lee and Kim (1993)
extend this to 12 major markets and find similar results and Calvo and Reinhart (1996) report
a rise in bond and emerging stock market correlations during the Mexican peso crisis. As
against these findings, Forbes and Rigobon (2002), demonstrate that the correlations
(adjusted for heteroskedasticity) did not significantly increase in the aforesaid settings. In
this article we adopt this latter adjustment for heteroskedasticity and in this sense our

correlation coefficients are robust.

Following Forbes and Rigobon (2002) heteroskedasticity biases tests for cross market
transmission based on correlation coefficients. To illustratex Etdy represent stock

market returns and assume no missing variables and the absence of endogeneity
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Note that the increase in the varianceyadicross groups is less than proportional to the

increase in the variance xf

Uyy = IBZUXX + Uee (7)
Ly > Doy (8)
yy Jyy

Therefore, the estimated correlation betweand yincreases when the variance of x

increases.
g, g,
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Following Forbes and Rigobon (2002), it is straightforward to quantify the extent of the bias
arising as a result of heteroskedasticity and hence retrieve an estimate of the robust

correlations as outlined in Equations 11, 12 and 13
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The conditional correlation coefficient is denotedwhile the robust (true) correlation
coefficient is denotegb. The relative increase in the variance atxkoss the two groups

denotedo? .



Turning now to the estimation of cointegration relations, we perform we perform the well-
known Johansen (1988) cointegration test and we also undertake a modified Johansen (1988)
testing procedure with a view to mitigating for the deleterious implications of GARCH
effects on the estimation of the rank of the long-term information matrix in a specified vector
error correction model (henceforth VECM). This modification of the Johansen (1988)
procedure follows Gannon (1996), Panal. (1999) and Aggarwal and Muckley (2010). In
particular, this modification involves the estimation of common roots in which we account
for GARCH effects in the correlating combinations of residuals. Consider-theemsional

VECM:

DX =T, + ZSTEAX +E, (14)
n=3,m - (15)
77i- = _z:(+17Tj lq = 11k _1) (16)

The residuals;, , are assumed independent normally distributedimensional with
mean zero and varianc& . The parameters(r,,...,75,_,,Q) are unrestricted and are
estimated by maximum likelihood estimation. Kwre vectors of series containing the

stock market prices. Now, consider two auxiliary equations:

Ax, =TSO 0K  + 1y, (17)

Xy = ZXTOL X+, (18)
where 9, and J, are estimated by ordinary least squares (see Johansen and Juselius, 1990).
The vectors of seriag; andry; contain the residuals from the auxiliary regressions. Note that
the VECM,Eq. (1) can now be reformulated as a two-stage estimation process:

ry =ap'r, +error (29)
The null hypothesisH,, that the components of are cointegrated may be stated as

H,:m=ap' (20)



This implies that q = rank7{) < m. The rows of the (m*q) matrixG' are the distinct
cointegrating vectors ok, i.e,, S'(x,) arel(0). The elements ofr represent the loadings of
each of the cointegrating relations.

The canonical correlations can be estimated from the stacked residu&lg. i

where the weightsg; .., and ;.. ; are canonical weights

V=@l +. Wyl (21)

and M =Kyl o b K0, (22)
Wherer refers to the residuals froEqg.s(17) and (18) and the subscrpefers to the

i™ pair of canonical variates. Therefore these varigtemdn. have a zero mean.
Finally, estimate GARCH (1,1) equations fgrand n, fori=1, ... ,q
Vo =on tu (23)

h =Vary, /n)=a,+ ailutz—l + Bih (24)

and compare the t-statistic fop with the tabulated values of the statistic given in
Mackinnon (1991). Hence, an estimate of each eigenvaluejs available p =\/A_i.

Neglecting GARCH effects provides inefficient estimates of #® while allowing for

GARCH effects partially accounts for simultaneous volatility effects in the system. If there is
common volatility across the series entering the system then linear combinations of the
deviations from long-term paths will capture these common factors.

The concern is that in neglecting to account for common volatility shocks, the test
statistics may fail to reveal significant common roots. The test statistics are estimated from
the procedure described in equations 21, 22, 23 and 24. We perform the two-stage procedure
with and without accounting for GARCH effects. The variates are constructed using
canonical coefficients as weights. This procedure provides an estimate, robust to GARCH

effects, of the number of cointegrating vectors.
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lll. Data and Estimation of Interdependencies

We examine the predominant, in terms of market capitalisation, Asian and European
stock markets, namely the Hong Kong, Japan, Korea, Singapore and Taiwan markets in Asia
and the France, Germany, Italy, United Kingdom, and Sweden markets in Europe, as well as
the USA stock market. Each continental region is also examined as a group of markets and
this group of markets is extended to include the USA stock market. All data are closing
prices denominated in local currency, and these data span the period May 1988 through to
December 2007, on a daily frequency, providing 5117 observations. We elect to adopt the
local currency numeraire as this serves to disentangle the effects of foreign exchange and
stock market dynamics and we wish to identify stock market interdependencies, without the
complicating implications of foreign exchange rate variations. All data are Datastream total
return indices.

Following from the variety of operating hours and time zones considered, the
realisation of daily returns across the international stock markets are not contemporaneous.
With a view to addressing this feature of the data the United States data is sampled at time
alongside the European observations, while the Asian rates are observed-t ime

In Table 1 the summary statistics for the stock price levels and their continuously
compounded returns are presented. Our measurement of variance is more than twice as
large, on average, in respect to the Asian markets than it is with respect to the European
markets. Notwithstanding the United Kingdom’s stock market, the United States stock
market exhibits the smallest variance of the stock markets examined. The Lagrange
multiplier test to identify first-order autoregressive conditional heteroskedastic (henceforth
ARCH) effects finds pronounced ARCH effects throughout the markets examined. In
addition, the summary statistics indicate that the return distributions for the preponderance of
stock markets are characterised by higher peakedness and thick tails relative to the normal

distribution. The exceptions are the Japanese, Korean and Taiwanese return distributions

3 we acknowledge that residual non-synchronous features of the data would tend to diminish the
estimated measurements of interdependence which we obtain.
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which appear to be approximately symmetric. Finally, both the Philips and Perron (1988),
the Augmented Dickey Fuller (1979) and the Seo (1999) unit root tests indicate the presence
of a unit root in the levels of all price series while the continuously compounded returns are

stationary.

In Table 2 the pair-wise unconditional correlation matrices of the Asian and European
groupings of stock markets extended to include the United States stock market are presented.
The pair-wise correlations appear to be markedly larger among the European stock markets
than among the Asian stock markets. Of foremost importance, the arithmetic mean of the
pair-wise correlations between the European markets and the United States stock market
(0.39) are on average approximately 33 percent larger than the pair-wise correlations
between the Asian markets and the United States stock market (0.30). These correlation
measurements may, however, be spurious in light of the heteroskedasticity effects revealed in
these data.

In Figure 1 we provide a graphical presentation of recursively estimated
unconditional correlations between the Asian and the European stock markets and the United
States stock market, which are robust to heteroskedasticity. The methodology adopted
follows Forbes and Rigobon (2002) in mitigating for heteroskedasticity. In totality, the
findings indicate that the European stock market returns exhibit moderately larger robust
recursive unconditional correlations with the United States stock market returns (mean
unconditional robust correlation is 0.25) than do the Asian stock market returns (mean
unconditional robust correlation correlation is 0.20). Furthermore, it is evident that the size
of the difference in the arithmetic mean of the pair-wise unconditional robust correlations,
across continental regions, has grown in magnitude over the period studied.

We also examine the question of whether there is a long-term relationship binding the

12



behaviour, over time, of each set of stock markets, specifically the Asian and European stock
markets, and these groupings extended to include the United States stock market. We
approach this question by adopting two methodolodiestly we use the Johansen (1988)
multivariate likelihood ratio cointegration analysis asgtondwe use the Gannon (1996)
cointegration test that is a modification of the Johansen (1988) test with a view to controlling
for heteroskedasticity. The presence of cointegration indicates that there are common forces
driving the long-term movements of the corresponding grouping of stock market indices.
Table 3 presents the results from the Johansen (1988) methodology; specifically it
presents the trace statistics corresponding to the null hypothesis that there are at most

ydistinct cointegrating vectors estimateg= 0123 he critical values are sourced in

Osterwald-Lenum (1992). It is apparent that there is only tentative evidence of a single
cointegrating vector in the set of Asian stock markets even when this set of stock markets is
extended to include the United States stock market. In contrast, the set of European stock
markets appears to exhibit up to two cointegrating vectors, while this set extended

to include the United States stock market exhibits up to three cointegrating vectors.
Therefore, according to this methodology, the European and United States stock market
system appears to exhibit significantly more evidence of cointegration relations than does the

Asian and the United States stock market system.

As a result of the summary statistics presented in Table 1, which indit@tealia, the
prevalence of pervasive ARCH effects across the stock market indices, a modified
cointegration test with GARCH effects is performed. Table 4 presents the results. The test
statistics are estimated from the procedure describdegp23 and 24. Therow op= 1

gives the test results based on variates constructed from the weights for the maximum
canonical correlation, whereas the second highest canonical correlation is used for the row of
p =2, and so forth. In marked contrast to the Johansen’s (1988) multivariate likelihood
ratio cointegration approach only tentative evidence, at the ten percent significance level, is

found of the presence of a single cointegrating vector in the European and United States

13



stock market system while there is evidence of several cointegrating vectors in the Asian

stock market system and in this system extended to include the United States stock market.

In the spirit of Hansen and Johansen (1999), Rangvid (2001) and Rangvid and
Sorensen (2002) we recursively assess the evolution of the number of cointegrating vectors
using a modification of the Johansen (1988) test, provided by Gannon (1996) which accounts
for GARCH effects. Prior to discussing the results from these analyses it is important to
assert the presence of a unit root in each of the price series in each of the recursively
estimated windows of data examined.

Figure 2 presents the results from the recursively performed unit root tests,
controlling for GARCH effects (following Seo 1999), on the price and continuously
compounded return series examined. Overall, it is evident, with respect to the stock market
price series examined, that the vast preponderance of unit root tests, irrespective of the
window of data concerned, fail to reject the null hypothesis of a unit root. By comparison,
the unit root tests on virtually all the continuously compounded return series, irrespective of
the window of data concerned, convincingly reject the null hypothesis of a unit root. As a
result, we proceed and perform the recursive unit root tests over the range of windows of

sample data examined.

We turn now to the evolution of the number of cointegrating vectors. Our rationale is
outlined as follows: over time, relatively more cointegration vectors and thus relatively fewer
‘common’ stochastic trends implies the increasing stationarity of the relevant systems of time
series or equivalently the relevant systems of time series being increasingly driven by the
same shocks with permanent effects. If all time series actually remain non-stationary (as
approximately validated in Figure 2) during the period where the number of common
stochastic trends declines, the non-stationarity is necessarily caused by fewer shocks with a
permanent effect. In the context of our recursive analyses, we examine the hypothesis of no
cointegrating vectors against a general alternative.

14



In Figure 3 is presented the graphical representations of the recursive statistics, from
both the Johansen (1988) methodology and the Gannon (1996) GARCH modified
econometric methodology to test for the null hypothesis of no cointegration. The results are
rescaled at the 90% critical value to equal 1 to facilitate interpretation. According to the
Johansen (1988) test the set of Asian markets exhibits significant evidence of cointegration
prior to 2000, while significant evidence of a lack of cointegration is present subsequent to
this period. A similar picture emerges when the Asian markets are examined in conjunction
with the United States stock market. By comparison, however, once the Gannon (1996)
modification is performed, it is apparent that, notwithstanding several brief periods, these
systems of stock market indices are cointegrated throughout the sample examined. Turning
now to the European system of stock market indices, according to the Johansen (1988) test,
there is significant evidence of cointegration throughout the sample examined and this
evidence is strengthened with the inclusion of the United States stock market in the system.
By comparison, however, once the Gannon (1996) modification is performed, there is a
compelling absence of evidence of cointegration relations, even once the United States stock

market has been included in the stock market system.

Taken together, the results indicate that the Asian region’s stock markets and this
region’s markets extended to include the stock market of the United States exhibits a
significant robust cointegration relation in contrast to the results presented regarding the
European markets, even with the grouping of European stock markets extended to include the
United States stock market.

4: Conclusion

The overall aim of this article is to investigate the level and evolution of
interdependence linkages between the important Asian and European stock markets and the

15



United States stock market. Ultimately, we are concerned with both short-term dissipative
measurements of interdependence alongside measurements of long-term statistical equilibria,
from a common stochastic trends vantage point. Our motivation stems from the implications
of our findings for the literatures on portfolio diversification, particularly in the context of a
representative United States investor with a long-term investment horizon. An important
methodological feature of our work is that we consider the spurious consequences that time
varying volatility appears to impart on our measurements of interdependence and we control
for these effects.

Our findings indicate that measurements of the dissipative short-term correlations and
the long-term interdependencies, between Asian and European stock markets and the United
States stock market, tell markedly different stories. In particular, short-term co-movements
are small amongst the Asian markets relative to the United States market in contrast with the
short term co-movements of the European markets with the United States market, which are
relatively large. Against this, long-term relations are present between the Asian stock
markets and the United States stock market while these long-term relations are generally
absent between the European stock markets and the United States stock market. In
conclusion, it is evident that the traditional co-movement measuren®rthé correlation
statistic) is uninformative with respect to the stock portfolio diversification decision of a
representative United States investor with a long-term investment horizon. Indeed, such a
representative United States investor is expected to benefit from an examination of common
stochastic trends rather than exclusively relying on measurements of correldtese
findings clearly have important practical implications for scholars and investors interested in

international stock portfolio diversification.
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Figure 1. Recursive Pair-Wise Unconditional Correlations between the Asian, European and United States Stock Markets.
Panel A: Recursive Unconditional Correlations: Asia and the US
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Figure 1

Panel B: Recursive Unconditional Correlations: Europe and the US
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Notes The Figure contains two Panels. Panel A presents recursively estimated unconditional
correlations (controlling for heteroskedasticity), following Forbes and Rigobon (2002), between the
Asian stock markets (Hong Kong, Japan, Korea, Singapore and Taiwan) and the United States
stock market. Panel B presents results from the same methodology with respect to the European
stock markets (France, Germany, Italy, Switzerland and the United Kingdom) and the United States
stock market. The initial period of estimation extends from April 4 1988 through to 4 March 1993
and the test is repeated with respect to each extension of the window of data by a single daily
observation. The final estimation window extends to December 13 2007.
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Figure 2: Recursive Unit Root Tests: Asian, European and United States stock
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Notes The unit root summary statistic is the Augmented Dickey Fuller test statistic extended to control for

GARCH effects. The critical values are sourced in Seo 1999. The test statistic is performed recursively:
initiated during the period April 4 1988 through to 18 February 1993 and the unit root test is repeated with
respect to each extension of the window of data by a single daily observation. The final performance of
the test is over the period April 4 1988 through to 13 December 2007.
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Figure 3. Examining the Null Hypothesis of No Cointegration.
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Figure 3
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Notes The Figure presents the recursive test results the Johansen (1988) trace test statistic and the Gannon (1996) test statistic with
respect to the null hypothesis of no cointegrating vectors in the Asian and European stock market systems, and in these stock market
systems extended to include the United States stock market. The Johansen test results are referenced by means of the letters 'Tr', for
Likelihood Ratio Trace statistic, while the Gannon statistics are referenced by means of the letters 'Mod', short for modified Johansen

cointegration test. The initial period of estimation extends from April 4 1988 through to 18 February 1993 and mpeat’ed with
respect to each extension of the window of data by a single daily observation, through to December 2007.
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Currency Variance Skewness Exc. Kurtosis ARCH PP Unit Root  ADF Unit Root ADF(+Garch) Unit Root
United States 0.92 -0.19 4.46a 170.59* -0.26 [-70.86°]  -0.27 [-70.98°%] -1.21 [-47.45°%
Asian Markets
Hong Kong 2.30 -1.07° 23.48° 107.93* 2.10[-68.97% 1.87 [-38.197 -0.84 [-42.06°%]
Japan 1.38 0.02 4.03% 75.65°  -2.12[-65.79%  -2.12[-50.767 -1.45° [-43.38%
Korea 3.55 0.08 4.25% 164.80% 1.35 [-68.80% 1.37 [-68.837 1.48° [-47.99%
Singapore 1.22 -0.26° 7.53% 273.49*  1.20[-65.31% 1.13 [-65.277 0.39 [-41.727]
Taiwan 3.69 0.00 2.98% 180.09% -1.69 [-68.59%]  -1.69 [-68.44°%] -0.57 [-46.33%]
European Markets
France 121 -0.24° 3.63° 153.54* 0.34 [-68.95%] 0.32 [-68.987%] -.053 [-47.98°%
Germany 1.18 -0.69° 7.42° 132.15* 0.14 [-68.42°% 0.13 [-68.42°%] -0.20 [-42.737%]
Italy 141 -0.24° 3.59° 193.62° -0.10[-68.02%]  -0.06 [-67.93%] -0.54 [-43.89°%]
Sweden 0.93 -0.59° 7.49° 228.65% -0.02[-69.47°] -0.04 [-68.45% -2.24° [-41.97
United Kingdom 0.82 -0.22° 3.37° 252.07*  0.10 [-69.72%] 0.04 [-69.73%] -0.59 [-48.887%

Table 1: Summary Statistics

Notes. The Table contains summary statistics concerning the examined Asian, European and United States continuously
compounded stock markets returns denominated in terms of the local currency. The sample period extends from April 4 1988
through to December 13 2007. The Lagrange multiplier test is performed with respect to first-order ARCH. The unit root summary
statistics are the Philips Perron (PP), the Augmented Dickey Fuller (ADF) and the ADF with Garch (following Seo '99) test statistics
respectively; in square brackets find the test statistic for the return of the corresponding market. Adjacent to the square brackets find
the test statistic for the stock market levels. When required the lag length is determined by minimising the Bayesian Information
Criterion over models with lag lengths 1 to 5. The superscripts a, b and c indicate significance at the 1 percent, 5 percent and 10
percent levels, respectively.
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Table 2. Pair-wise Correlations - Asia, Europe and the United States Stock Markets

Europe and US Correlations

United United
France  Germany lItaly Kingdom Sweden States
France 1.00 0.77 0.67 0.77 0.75 0.42
Germany - 1.00 0.63 0.67 0.74 0.43
Italy - - 1.00 0.59 0.62 0.32
United Kingdom - - - 1.00 0.70 0.41
Sweden - - - - 1.00 0.37
United States - - - - - 1.00
Average
Correlations 0.67 0.65 0.57 0.63 0.63 0.39
Asia and US Correlations
Hong United
Kong Japan Korea Singapore Taiwan States
Hong Kong 1.00 0.36 0.30 0.56 0.23 0.37
Japan - 1.00 0.27 0.37 0.21 0.33
Korea - - 1.00 0.30 0.21 0.25
Singapore - - - 1.00 0.26 0.35
Taiwan - - - - 1.00 0.21
United States - - - - - 1.00
Average
Correlations 0.36 0.31 0.26 0.37 0.22 0.30

Notes The Table contains pair-wise correlations concerning the examined Asian, European and
United States continuously compounded stock markets returns, denominated in terms of the local
currency. The sample period extends from April 4 1988 through to December 13 2007.
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Table 3. Johansen Multivariate Test for Cointegration.

Null Trace Critical values Null Trace Critical values
Hypothesis 10% 5% 1% Hypothesis 10% 5% 1%

Panel A: Asian Markets Panel C: Asian Markets + US

y=0 76.53° 71.86 76.07 84.45 y=0 105.78° 97.87 103.68 110.15

y<=1 40.10 49.65 53.12 60.16 y<=1 69.08 71.81 76.81 83.74

y<=2 22.61 32.00 34.91 41.07 y<=2 4457 49.95 53.95 56.73

y<=3 8.22 17.85 19.96 24.60 y<=3 22.53 31.93 34.07 37.78
Panel B: European Markets Panel D: European Markets + US

y=0 91.942 71.86 76.07 84.45 y=0 136.50% 97.87 103.68 110.15

y<=1 50.31° 49.65 53.12 60.16 y<=1 83.05" 71.81 76.81 83.74

y<=2 24.44 32.00 34.91 41.07 y<=2 50.89° 49,95 53.95 56.73

y<=3 10.21 17.85 19.96 24.60 y<=3 24.28 31.93 34.07 37.78

Notes The Table comprises four Panels - presenting Johansen (1988) Likelihood Ratio Trace test statistics for four sets of markets. Panel A contains a 5-
stock market set including Hong Kong, Japan, Korea, Singapore and Taiwan. Panel B contains a 5-stock market set containing France, Germany, Italy, the
United Kingdom and Sweden. Panels C and D extend these market sets to include the United States market. The data are observed from April 4 1988
through to December 13 200Y. is the number of cointegrating vectors under the null hypothesis. The lag length of the specification of the corresponding

vector error correction model is selected with respect to a Bayesian Information Criterion (over models with lag lengths 1 through 5). This criterion indicates
that one lag of returns is included in the estimated vector error correction model. The critical values are simulated or sourced on Table 0 in Osterwald-Lenum
(1992). The superscripts a, b and c indicate significance at the 1 percent, 5 percent and 10 percent levels, respectively.
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Table 4. Modified multivariate test for Cointegration with GARCH(1,1) effects.

OLS GARCH Critical values OLS GARCH Critical values
Coeff. Coeff. T-statistic 10% 5% 1% Coeff. Coeff. T-statistic 10% 5% 1%
Panel A: Asian markets Panel C: Asian markets + US
p=1 0.07 0.05 4.56 4.42 4.70 5.24 p=1 0.08 0.07 6.82 442 470 5.24
p=2 0.05 0.06 4.78 4.13 4.42 4.96 p=2 0.07 0.05 4.32 4,13 442 4.96
p=3 0.05 0.04 3.83 3.81 4.10 4.65 p=3 0.05 0.05 3.76 3.81 4.10 4.65
Panel B: European markets Panel D: European markets + US
p=1 0.09 045 4.18 4.42 4.70 5.24 p=1 0.09 0.05 4.59 442 470 5.24
p=2 0.05 0.02 1.36 4.13 4.42 4.96 p=2 0.06 0.04 3.80 4,13 4.42 4.96
p=3 0.05 0.04 4.3 3.81 4.10 4.65 p=3 0.05 0.02 1.87 3.81 4.10 4.65

Notes The Table comprises four Panels. Panels A and B contain Asian and European stock markets denominated in local currency terms, respectively. Panel
contains a 5-stock market set including Hong Kong, Japan, Korea, Singapore and Taiwan. Panel B contains a 5-stock market set containing France, Germany, Itz
United Kingdom and Switzerland. Panels C and D extend the former sets to include the United States market denominated in terms of the United States dollar. The ©
sets are observed from April 4 1988 through to December 13 2007. Coefficiefis=far... 6 are the estimated square roots of the Eigen values of the Johansen long-

term information matrix, accounting for (i.e. GARCH Coeff.) and not accounting for (i.e. OLS Coeff.) t-distributed GARCH effects. The coefficients are estimated
using Equations 23-24. The t-statistic critical values are sourced on Table 1 in MacKinnon (1991). The superscripts a, b and c indicate statistical significance at the
percent, 5 percent and 10 percent levels, respectively.
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