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Abstract 

We measure stock market coexceedances using the methodology of Cappiello, Gerard 

and Manganelli (2005, ECB Working Paper 501). This method enables us to measure 

comovement at each point of the return distribution. First, we construct annual 

coexceedance probabilities for both lower and upper tail return quantiles using daily 

data from 1974-2006. Next, we explain these probabilities in a panel gravity model 

framework. Results show that macroeconomic variables asymmetrically impact stock 

market comovement across the return distribution. Financial liberalization 

significantly increases left tail comovement, whereas trade integration significantly 

increases comovement across all quantiles. 
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1. Introduction 

Over the last thirty years, emerging and developed countries have been undergoing a 

large globalization process. Most countries have become increasingly integrated, both 

in terms of real and financial transactions. The academic literature tends to emphasize 

the crucial role of trade and financial openness for the economic development of 

countries. Trade integration has been identified as a major source of growth by the 

growth literature (Wacziarg and Welch, 2008). Likewise, the process of financial 

liberalization has been found to foster the economic development of a large set of 

countries including the less developed ones (see for instanceBekaert et al., 2005).  

Globalization reflected by trade and financial integration is likely to have a bright 

and a dark side for investors. The bright side of globalization is the opportunity to 

diversify their assets worldwide, i.e. investors can easily buy and sell financial assets 

in a large number of financial markets. In turn, this enables them to grab interesting 

opportunities and hence boost their long run investment returns. Nevertheless, in 

terms of risk management, the impact of integration is not so obvious. Indeed, the 

impact in terms of diversification will be beneficial to the extent that globalization 

does not lead to an increase in the degree of comovement between international stock 

markets. This is especially true if liberalization tends to increase stock market 

comovement during periods of financial downturn, exactly when the positive effects 

of diversification are most needed.  

The main objective of this paper is to test whether globalization exhibits a dark 

side for international investors in quest for portfolio diversification. To this aim, we 

look at whether trade and financial integration tend to increase the degree of 

comovement on the left hand side of the return distribution. So far, while there has 

been an extensive empirical literature devoted to the impact of integration in terms of 
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stock market correlations, no study has been able to identify the impact on the 

different regions of the support of the distribution of stock returns.2 

We rely on a recently developed coexceedance methodology by Cappiello et al. 

(2005) in order to determine how two assets comove in a certain part of the return 

distribution. We combine this quantile regression approach along with a subsequent 

dynamic panel data analysis to address a couple of specific questions that have not 

been considered in the literature. In particular, we address two specific questions that 

turn out to be crucial for the international investor. First, do various forms of 

macroeconomic integration affect stock market comovement in all parts of the return 

distribution? In other words, we investigate whether integration exerts asymmetric 

effects on the degree of stock market comovement. Second, we try to determine 

which forms of integration do affect the probability of having simultaneous extreme 

negative returns across international stock markets. Addressing this question allows 

us to measure the likelihood of future global stock market contagion.  

Using stock market index data of seventeen mostly developed countries we study 

136 bilateral relationships during 1974-2006. For each pair we estimate an annual 

probability that two markets jointly experience tail comovement. These annual 

bilateral probabilities are analyzed in a dynamic panel framework following Beine 

and Candelon (2009). Within this framework, we relate tail comovement to several 

explanatory variables that capture global integration: trade, financial liberalization, 

industrial dissimilarity and exchange rate volatility. These macroeconomic indicators 

are calculated for each country pair to investigate which macroeconomic factors 

impact the comovement of two stock market indexes.3 In addition, by considering 

                                                 
2 See next section for a literature review. Existing studies include among many others Bekaert and 

Harvey (2000); Forbes and Rigobon (2002); Chinn and Forbes (2004); Beine and Candelon (2009). 
3 One may also be interested in the comovement of a group of countries. However, in this case it is 

only possible to investigate how a group of countries react to “common” factors, e.g. regional 
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bilateral coexceedances we show directly the advantages of coexceedance 

probabilities compared to correlation measures. 

The key results show that trade integration increases comovement across the entire 

return distribution. In contrast, financial liberalization increases comovement 

strongest on the left tail, whereas its effect is limited for the right tail. Hence, open 

financial markets increase the likeliness of a joint crash in all markets. Additional 

results also emphasize the asymmetric impact on comovement of other variables such 

as monetary integration and exchange rate volatility. 

The paper is organized as follows. Section 2 provides a literature review on 

methodologies to measure comovement and on which macroeconomic variables seem 

to impact comovement. Section 3 explains the methodology to measure comovement 

and introduces the gravity model. The explanatory variables are introduced in Section 

4. Results are discussed in Section 5 together with robustness checks. Section 6 

concludes.  

2. Literature Review 

This paper builds on a vast literature aiming to measure and explain stock market 

comovements.4 A common feature of this literature is that it measures the average 

effect of factors in terms of comovement, neglecting the diverse impact that these 

factors can have on different regions of the joint return distribution. This paper 

addresses the last issue.  

There are various approaches to measure international stock market comovements. 

One approach uses first and second moments of the return series, whereas another 

                                                                                                                                            
interest rates (see Bae et al, 2003). In such a framework it is not possible to capture the effect of 
intensified trade between markets A and B, for instance. The bilateral framework is able to capture 
these factors specific to countries A and B.  

4 For extensive reviews consult the survey articles of Karolyi and Stulz (2003) and Dungey et al 
(2005). 
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strand of the literature is based on extreme value theory. Our modeling strategy might 

be seen as a mix of those approaches. Therefore we review here the existing literature 

related only to these strands and we do not cover alternative approaches such as the 

one using factor models (see for instance Chinn and Forbes (2004)). 

Not surprisingly, within the first approach, correlation is by far the most widely 

considered moment to assess the joint behavior of two stock market return series. One 

first evidence stemming from this research stream shows that correlations between 

international stock markets vary over time, indicating that benefits from international 

diversification are time-varying (Longin and Solnik, 1995). These authors show that 

correlation has been increasing since the 1960s leading to smaller diversification 

benefits. Because increasing international investment opportunities led to more 

diversification possibilities during these decades, it is unclear what the net effect of 

globalization on risk diversification is. 

Focusing on the determinants of correlations in general and on the impact of 

integration in particular, Bekaert and Harvey (2000) show for a sample of emerging 

countries that financial liberalization decreases the cost of capital and increases 

correlations with other markets. This finding suggests that correlations increase due to 

globalization. However, Forbes and Rigobon (2002) show theoretically that 

correlation is biased upwards in periods of high volatility and can give a misleading 

picture of actual market dependencies. 

Besides its time dimension, the study of globalization has also an important spatial 

component. Using correlation as the dependent variable in a gravity model, Flavin et 

al. (2002) show that geographical (i.e. time constant) variables also matter for stock 

market comovement. Correlations are negatively related to physical distance between 

stock markets, but positively related to market size. Although financial assets are 
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easier to transfer than physical goods, the importance of geography also holds for 

these markets.5  

The strong impact of trade and financial integration on stock market comovement 

also applies to European countries, see Wälti (2008). In addition, he stresses the role 

of exchange rate volatility and the introduction of the euro to explain the large 

increases in correlation among European stock markets. Beine and Candelon (2009) 

use the same gravity model approach to study only developing countries. They too 

document a large positive impact of bilateral trade and trade/financial liberalization 

on stock market comovement.  

Another approach considers extreme dependence measures to assess the 

probability of a joint crash in two or more markets. Starting from extreme value 

theory Hartmann et al. (2004) develop an extreme dependence measure, which aims 

to capture the probability that two markets co-crash. The authors find that joint stock 

market crashes are much more likely to occur than what a multivariate normal 

distribution would suggest. In the context of contagion Bae et al. (2003) conclude that 

information on the joint occurrence of extreme returns is more useful than the one 

obtained by assuming a normal, student-t or GARCH model for the multivariate 

distribution. They find that interest rates, exchange rates and stock market volatility 

provide predictable power on the likeliness of contagion. However, in this framework 

exceedances are determined unconditionally, i.e. simply the lowest and highest 5% 

returns are considered as extreme, without accounting for e.g. volatility effects.  

A recent paper by Christiansen and Ranaldo (2009) applies the method of Bae et 

al. (2003) to compare the financial integration of the old and new EU countries’ stock 

markets. The authors find strong persistence of coexceedances for both regions. They 

                                                 
5 This observation is related to the so called home bias, with overinvestment in the domestic financial 

market (Lewis, 1999). 
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also find that lower tail coexceedances are more related to international stock market 

developments, in contrast to upper tail coexceedances, which seem to be more related 

to developments in other asset classes. Extreme codependence measures are popular 

in the Value at Risk (VaR) literature, where VaR is the standard method to assess 

market risk for a single return series. In order to assess risk at any point in the return 

distribution Engle and Manganelli (2004) introduce the CAViaR method.6 This 

CAViaR method directly models the return quantile generating process.  

In line with the literature, we mainly focus on the impact of trade and financial 

integration on comovements. Nevertheless, we include as additional determinants of 

comovement other control variables that have received attention in earlier works. An 

example is exchange rate volatility. Using a multivariate GARCH framework, 

Fratzscher (2002) shows that exchange rate volatility negatively impacts stock market 

comovements. The elimination of exchange rate volatility due to the introduction of 

the euro in 1999 led to an increased comovement for EMU countries. In addition, a 

couple of authors (e.g. Roll, 1992), document the role of industry structure on stock 

market comovement. Stock markets with a similar industry structure tend to comove 

more than stock markets with a very different industry composition. Hence, to the 

extent that industry structures become dissimilar over the investigated period, it is 

important to account for such a development in the specification of a model to be 

estimated. Given our panel data approach and the inclusion of cross-section fixed 

effects, we are able to account for the influence of time-constant factors such as 

geographical distance between markets or language similarity (Flavin et al., 2002). 

Likewise, the time series dimension allows us to include period fixed effects that 

capture the role of common factors on the comovement. This can be seen as an 

                                                 
6 CAViaR: Conditional Autoregressive Value at Risk by Regression Quantiles. 
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alternative to the inclusion of global observable variables such as US interest rates 

(Chinn and Forbes, 2004). 

2.  Measuring and explaining comovement 

3.1. Measuring comovement 

Bilateral stock market comovements are measured using the methodology of 

Cappiello et al. (2005), which in turn is based on the CAViaR method developed in 

Engle and Manganelli (2004). Given a time series T,,=tty …1}{  of returns of a stock 

market, the CAViaR method aims to model only one specific quantile qθt of the 

conditional return distribution, that is the value for which Pr[yt < qθt | Ωt ]= θ  holds, 

where yt is the actual return, Ωt the information set up to time t and θ  is the 

probability level (e.g. 10%) corresponding to the quantile whose process is to be 

modeled. In words, qθt is the value such that there is a probability θ that yt is lower 

than it and a (1-θ) probability that yt is higher.  

An explicit data generating process describing the behavior of the quantiles is 

necessary to calculate the regression quantiles qθt. Following Cappiello et al. (2005) 

the CAViaR specification is:7  

TTttttt dδ++d+δ|y|+y+)q(+y+=)q( ...11152413121 −−−− ∗∗∗∗ βββββββ θθ  (1) 

The parameter vector βθ is estimated by minimizing the objective function first 

introduced by Koenker and Bassett Jr. (1978):  

),)q(β(yρ tθtθ
T
=t −−

1
1 ∑T min

θβ
   (2) 

where )]I(λ[θ=(λρθ 0) ≤− , λ is the quantile loss function, I(⋅) the indicator function, 

and θ the probability level. The set of yearly dummies T,,=ttd=δ K1}{  is included in (1) 

                                                 
7  In Cappiello et al. (2005) β4 is constrained as -β2*β3, here β4 is unconstrained. 
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to ensure that also in a finite sample there are exactly θ·T exceedances. Due to the 

long time series available, in practical implementations it is often numerically 

infeasible to minimize (2) relative to the set of parameters }{ δ,βθ .8 We then perform a 

two step estimation procedure. In the first step we solve the minimization problem (2) 

with respect to βθ using the specification (1) without the yearly dummies, then we 

plug these first estimates }ˆ{ θβ  into the complete specification (1), and minimize (2) 

only with respect to T,,=ttd=δ K1}{ . The set of estimates we obtain from the above 

procedure delivers a fitted process tqθˆ  such that the yearly rate of exceedances 

matches the nominal value of θ.  

For each series { }ty it is possible to build the indicator vector )q<I(y)β(I θttθ
Y
t ˆˆ ≡  

that takes the value one for each date in which an exceedance takes place, i.e. 

θtt q<y ˆ , and value zero otherwise. Since our analysis focuses on comovements 

between series, coexceedence probabilities 

 θθ θθθθ /),()()(,
Y
tt

X
tt

Y
tt

X
tttxy qyqxpqyqxpp <<=<<≡ ,   (3) 

between pairs of series { }tx  and { }ty are needed. These are readily obtained by 

regressing the coexceedance frequencies θθθθ //ˆ,ˆ )q<(y)Iq<(xI)ββ(I Y
θtt

Y
t

X
θtt

X
t

YXXY
t ≡  

on yearly dummy variables. The coefficients of the dummy variables are estimates of 

the time varying conditional coexceedance probabilities )(ˆ , θtxyp . For more details and 

proof of the consistency of the estimators, see Cappiello et al. (2005).9 

When compared with other methods to analyze stock return comovements, the 

methodology of Cappiello et al. (2005) offers certain advantages. First, quantile 

regression is effective as a tool for exploring and modeling the nature of dependence 
                                                 
8  In our implementation it implies estimating 37 parameters jointly. 
9 The analysis is conducted in Matlab and based on the codes of Simone Manganelli.  
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of the return distribution on the conditioning variables, when the latter have different 

effects on different parts of the conditional distribution of the returns. This is 

particularly important if there are asymmetries in the impact of integration on the 

comovement of financial indexes.  

Alternatives based on modeling first and/or second moments of return series, such 

as correlation (e.g. Forbes and Rigobon, 2002) do not allow for this possibility. They 

focus on one single point of the conditional distribution function, while in the 

framework of quantile regression, any value of θ (e.g. 1% or 90%) can be chosen, 

allowing to measure codependence on any subset of the support of the joint 

distribution.10 Moreover, due to its flexibility, the CAViaR method is not constrained 

in the choice of the quantile to model, whereas in measures based on extreme value 

theory the choice is constrained by the threshold level beyond which asymptotic 

theory applies (Danielsson and De Vries, 2000). The specification of (1) has been 

chosen using the DQ test as model specification test. Engle and Manganelli (2004) 

construct the in-sample DQ test to formally test if the selected CAViaR model in 

Equation (3) is a correct specification of the return quantile. Unpredictability of the 

exceedances is the DQ test’s main criterion, i.e. the sequence of indicator functions 

{It}t=1,...,T is expected to be i.i.d. Several CAViaR specifications alternative to equation 

(1) are possible, e.g. asymmetric reactions to positive and negative returns (Engle and 

Manganelli, 2004) or an AR(1)-GARCH(1,1) specification (Kuester et al., 2006). 

However, these alternatives are inferior to the CAViaR model in Equation (3) using 

the DQ test as judging criterion11. 

                                                 
10 In a finite sample only few observations are available for the extreme quantiles resulting in 

inaccurate estimates. 
11 Detailed results of the DQ test on different specifications of Equation (1) are available upon request. 
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3.2. The model and empirical methodology 

This paper uses the panel gravity model of Beine and Candelon (2009) to analyze the 

annual bilateral coexceedance probabilities calculated in Section 3.1 above. Define 

the general panel model as  

,)(...)()( ,2
′

11 tij
T

t ttijtij,mtij,mtij,tij, d+η+γX+pβ++pβp εδθθθ += ∑ =−−   (4) 

where )(θtij,p  is the coexceedance probability between countries i and j at time t, Xij,t 

the matrix of exogenous variables, ηij a cross section dummy, dt a time dummy and εij,t 

is the error term of the bilateral pair i,j at time t. To simplify notation, from now on 

we assume that the value of θ has been fixed, and we drop the explicit dependence of 

pij,t on θ. With seventeen countries, the cross sectional dimension of the panel consists 

of N=136 bilateral relationships and the time dimension of T=32 years, resulting in 

potentially 4352 observations.  

The matrix of exogenous variables Xij,t aims to capture the channels through which 

shocks may be transmitted from one country to the other. The empirical counterparts 

of all variables in Xij,t are introduced in Section 4. This paper focuses on two 

particular channels of transmission related to integration.  

Our first interest lies in the impact of financial integration. Through the finance 

channel investors are able to diversify and rebalance asset portfolios globally. The 

possibility of investing abroad allows investors to take benefit from investment 

opportunities. When investors act globally, it might be expected that all markets will 

suffer more from global shocks. In this case, financial integration is likely to increase 

pij,t.  

The second channel relates to trade integration. Trade patterns will affect business 

cycle fluctuations and hence stock market prices. If two countries trade extensively, it 

might be expected that their business cycles and their stock markets will be more 
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correlated. The openness of one particular country to foreign trade can also act as a 

signalling device to international investors and lead them to buy domestic assets more 

extensively. Beine and Candelon (2009) find empirical evidence for this argument. 

This could strengthen the positive impact on pij,t .  

In order to minimize the likelihood of misspecification, we also control for 

differences in industrial structures and for variations in exchange rates. The industrial 

composition of a country’s stock market determines the extent to which countries face 

similar industry shocks. The more similar two countries’ industrial structures are, the 

more their stock markets are likely to comove.  

Other important controls are related to exchange rate movements. An investor 

prices currency risk and this price is determined by (expected) exchange rate 

movements. Exchange rate changes alter the return a foreign investor receives in his 

domestic currency. However, if currency risk is eliminated, e.g. through the 

introduction of the euro, the costs of rebalancing portfolios is lower. Moreover, 

exchange rate movements are not able to mitigate stock market movements anymore.  

Following Beine and Candelon (2009) the model deals explicitly with unobserved 

heterogeneity by including cross section and time effects. In addition, by including 

dynamics in the model it is possible to take care of serial dependence directly, thus 

addressing the persistence of correlations in the residuals. Although a dynamic panel 

data model with cross section effects induces the well known Nickell (1981) bias, this 

bias is likely to be small due to the relatively large time dimension with respect to the 

cross section dimension.  

The model is estimated using a FGLS approach taking care of potential 

heteroskedasticity. Due to the bilateral nature of the data cross section dependence is 

likely to be present. We use Panel Corrected Standard Errors, which are robust to 
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cross-sectional dependence. In addition, Phillips and Sul (2003) argue that time 

effects reduce the bias induced by cross section dependence.12  

4.  Data 

4.1. Stock market returns 

In order to build the quantiles qθt and the measures of coexceedance pij,t, we first need 

to define the stock market returns. The sample consists of daily local currency 

denominated country stock market index returns from Thomson Datastream for 1974-

2006.13 There are 17 countries in the sample: Australia, Austria, Belgium, Canada, 

Denmark, France, Germany, Hong Kong, Ireland, Italy, Japan, Netherlands, South 

Africa, Singapore, Switzerland, United Kingdom and United States. Non trading days 

are excluded from the sample. To avoid problems of nonsynchronous trading we 

assume that the trading day starts in the US (t) and match this return with the one of 

the following day in Asia, Africa and Europe (t+1). The underlying assumption is that 

all (or most) news is generated in the US (North America) and spreads one calendar 

day later to Asia, Africa and Europe.  

Table 1 presents some descriptive statistics of the stock market index series used. 

                                                 
12  Alternative estimation methods aim to correct explicitly for cross-section dependence by e.g. 

median unbiased estimation (Phillips and Sul, 2003) or imposing a factor structure (Pesaran, 2006). 
The correction by Phillips and Sul (2003) allows for dynamics, but is only valid assuming T → ∞ 
and the impact of including exogenous regressors is unclear. Exogenous regressors are included in 
the correction by Pesaran (2006), however dynamics cannot be included explicitly resulting in 
biases due to autocorrelation. GMM based estimation does not suffer from the Nickell (1981) bias 
and is robust to potential endogeneity. However, a main disadvantage of GMM is the appropriate 
selection of an instrument set. Since potentially many different instrument sets are possible (i.e. not 
rejected by the Sargan test), estimations results turn out to be very unstable across valid instrument 
sets. 

13  Stock market returns can either be denominated in local currencies or in a common currency (e.g. 
US$). Several authors advocate the use of local currency returns (e.g. Longin and Solnik, 1995; 
Fratzscher, 2002; Hartmann et al., 2004), whereas others (e.g. Chinn and Forbes, 2004) prefer 
common currency denominated returns. This paper opts for local currency returns because the use 
of common currency returns “may also introduce a bias in that a high degree of integration may 
simply be due to a similarity in exchange rate changes rather than direct financial integration” 
(Fratzscher, 2002, p. 191). Moreover, taking all returns in US$ implicitly assumes investors are not 
able to hedge currency risk. 
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There is some variation in the average daily return, with the lowest average daily 

return in Japan (0.023%) and the highest in South Africa (0.061%). This implies that 

returns in South Africa are about three times as high as in Japan. However, part of this 

difference can be explained by different inflation rates in both countries, since returns 

are denominated in local currencies.  

One might expect that these countries also have the lowest and highest volatility, 

but this turns out not to be the case. The lowest volatility is observed in the Austrian 

market (0.797%), whereas the highest is in Hong Kong (1.682%). Hence, the 

volatility in Hong Kong is more than twice that in Austria. 

All return series display significant negative skewness and excess kurtosis. These 

are familiar characteristics for daily stock market returns. Consequently, normality is 

strongly rejected for all series, indicating that assuming normally distributed returns 

would be invalid.  

[Table 1 about here] 

4.2. Financial Liberalization 

Several indicators are available to measure the degree of financial openness of an 

economy. The most detailed indicator in terms of disaggregation and coverage across 

time and countries is the KAOPEN developed by Chinn and Itô (2008). For each 

country, the value of KAOPEN is constructed from four categories of financial 

openness in the IMF’s Annual Report on Exchange Arrangements and Exchange 

Restrictions: 1) The presence of multiple exchange rates, 2) restrictions on current 

account transactions, 3) restrictions on capital account transactions and 4) 

Requirement of surrender of export proceeds.14 The larger KAOPEN is, the more 

                                                 
14  Consult Chinn and Itô (2008) and both author’s websites for more details on the construction of 

KAOPEN. 
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financially open a country is.  

A bilateral measure needs to be constructed since KAOPEN (and other 

alternatives) are indicators for a single country. Define the bilateral indicator of 

financial liberalization as  

)KAOPEN,min(KAOPEN= tj,ti,tij,tionliberaliza financial   (5) 

where financial liberalizationij,t has the value of the least open country.  

Another traditional measure to capture financial liberalization is the IMF dummy, 

where a value of 1 implies that a country has capital account restrictions in force and 

0 implies no restrictions. KAOPEN’s main advantage is its higher disaggregation 

compared to the IMF dummy. Alternatives with higher disaggregation than the IMF 

dummy include indicators by Quinn (1997) and Miniane (2004). However, both are 

available only for a limited number of countries and for a limited time span. 

4.3. Trade Integration 

The first indicator of trade integration is based on the measure of trade competition by 

Glick and Rose (1999) and aims to assess the extent to which two countries compete 

in the same export markets. If two countries compete in the same export markets it 

seems reasonable that both countries’ stock markets react similarly to shocks 

originating in these export markets.  

The trade competition indicator of Glick and Rose (1999) is given by  

),
xx+xx
xxxx

(
x+x
x+x

=
tj,tjk,ti,tik,

tj,tjk,ti,tik,

tj,ti,

tjk,tik,k
tij,

∕∕

∕∕
1∑ncompetitio trade 1

−
−∗   (6) 

where xik,t represents exports from country i to country k at time t  and xi,t and xj,t 

represent total exports of countries i and j respectively. The countries considered in k 

are all the countries in the sample and the rest of the world, except for i and j. This 

measure increases as country i and j’s export patterns become more similar.  
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The second indicator of trade integration aims at measuring the strength of direct 

trade between two countries. In order to determine the strength of a bilateral trade 

relationship, we use the indicator constructed by Frankel and Rose (1998):  

,
GDP+GDP
M+X

=
t,jt,i

tij,tij,
tij,

..

 tradebilateral     (7) 

where X and M are nominal USD exports and imports respectively and GDP is 

nominal GDP in USD. This measure increases as bilateral trade becomes more 

important relative to GDP. Trade data is extracted from the IMF’s Direction of Trade 

Statistics and GDP data from the World Bank World Economic Indicators.  

4.4. Industrial Structure 

Stock market indexes are more likely to comove if these have a similar industrial 

structure, since global industry specific shocks are transmitted to both countries. 

Industry structure data on Datastream stock market indexes are not directly available. 

As an alternative, industry value added data is used to determine the production 

structure of a country. The underlying assumption is that a country’s production 

structure is reflected in its stock market industry composition. To determine the 

similarity of two countries’ production structure the specialization indicator by 

Krugman (1991) is used. This industrial dissimilarity indicator is computed by 

summing the absolute differences of an industry’s GDP share in two countries:  

|,ss|= tj,n,ti,n,
N
=ntij, −1∑itydissimilar industrial    (8) 

where sn,i,t is the GDP share of industry n in country i or j at time t. There are N=9 

industries considered in the specialization index, using value added data from the EU 

KLEMS database and other datasets for non-EU countries.15  

                                                 
15  Details about all databases are provided in the Appendix. 
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4.5. Exchange Rate Volatility 

Exchange rate volatility is calculated using the methodology of realized volatility by 

Andersen et al. (2003). Daily returns are used to calculate annual volatility by  

2

1
y volatilitrate exchange ][r= ij

dt,

D

d
tij,

t

∑
=

   (9) 

with r being the exchange rate return at day d and D represents the number of trading 

days in one year. Bilateral exchange volatility is calculated using exchange rate data 

from Datastream.  

Several countries in the sample introduced the euro in 1999, thereby eliminating 

exchange rate volatility between them. To consider the effect of the introduction of 

the euro separately, a dummy variable called EMU is introduced. This variable is one 

as of 1999 for all pairs consisting of two countries using the euro as legal tender.  

5. Results 

5.1. Baseline results 

The baseline results use the model in equation (4) and the full set of explanatory 

variables from Section 4. All estimations are from 1974 until 2005 due to the 

availability of industry data only until 2005. For each quantile the autoregressive 

order in (4) is determined by adding enough lags of pij,t to eliminate serial correlation. 

Cross-section and time dummies are not reported for the sake of brevity. A first 

observation from Table 2 is the strong serial dependence of coexceedance 

probabilities. 

[Table 2 about here] 

In order to remove all serial correlation two to three lags of the dependent variable 

need to be included. Note that the sum of the coefficients on Q25 and Q75 is around 
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0.5, indicating strong persistence. The results in Table 2 show that integration exerts 

asymmetric effects on comovement, i.e. the change in the comovement of stock 

market returns depends on the part of the return distribution. In particular, financial 

integration is found to increase comovement significantly in the left tail, but not in the 

far right tail.  

Interestingly financial openness tends to increase comovement more in periods of 

bad returns for both stock markets. This finding relates to the contagion literature, 

where a financial crisis spread quickly from one country to the other (see e.g. Forbes 

and Rigobon, 2002). Hence, the scope for portfolio diversification tends to decrease at 

times when it is much more needed. This is the dark side of financial integration.  

The economic magnitude of the coefficient on financial liberalization is quite 

important. The difference between a very open and a very closed economy is five 

units. With a coefficient of 0.008 on the 5% quantile, this implies that the 

coexceedance probability increases by about four percentage points if a country 

liberalizes. A transition from closed to fully open is a change from -2.5 to 2.5 in the 

KAOPEN indicator.  

Asymmetric effects are also present for trade integration, which is captured by 

bilateral trade intensity and trade competition. Trade competition is found to affect 

comovement significantly across all quantiles, whereas bilateral trade has an effect 

only on the right tail. 

The impact of industrial structure seems to exhibit symmetric effects. A negative 

sign implies that the more dissimilar countries are the lower is their comovement, 

confirming the findings of Roll (1992) that industrial composition is an important 

determinant to explain stock market comovement.  

A decrease in exchange rate volatility is found to increase stock market 
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comovement strongly for the lower tail. This implies that stable exchange rates 

increase the occurrence of joint negative extreme events. A 10% increase in exchange 

rate volatility results in a 2.89% decrease in comovement for Q5, 3.18% for Q10 and 

2.76% for Q25. This effect is not present in the right tail, where only Q95 is 

marginally significant. Moreover, the economic impact of EMU is large, ranging from 

a 2.6 percentage point increase in coexceedance for Q25 to 11.3 percentage points for 

Q95. This increase in comovement significantly lowers the diversification potential 

for investors within the European Monetary Union. Our results are in line with 

Fratzscher (2002), who finds that the elimination of exchange rate volatility increases 

inter EMU stock market comovement strongly. These exchange rate variables are 

found to act as important controls and ensure that model (4) does not suffer from 

important specification bias due to omitted variables. 

We conduct several specification checks to investigate the appropriateness of the 

empirical approach. First, we apply the Hausman test to decide on the use of fixed or 

random cross section effects. The results in Table 2 clearly show that random effects 

are strongly rejected in favor of a fixed effects specification. Next, we test for the 

presence of heteroskedasticity in the residuals to justify the GLS approach. Table 2 

shows that the Wald test strongly rejects homoskedasticity of the residuals, i.e. it 

justifies the GLS approach. The number of lags of the dependent variable need to be 

sufficient to eliminate residual serial correlation. We apply the Wooldridge test for 

this purpose and conclude that serial correlation appears to be eliminated by the 

dynamics in the model. One lag is not sufficient to achieve this for Q5 and Q95. 

Finally, the Frees test shows the presence of cross sectional dependence, which 

justifies the need to use Panel Corrected Standard Errors to deal with this issue.16 

                                                 
16 We also show the result of the Friedman test, which does not reject cross sectional independence. 
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5.2.  Comparing coexceedances with correlations 

Using correlations leads to underestimate the impact of trade and financial integration 

on stock market comovement. To illustrate this, the column “realized correlation” in 

Table 3 reports the estimates of model (4), using realized correlation as dependent 

variable instead of pij,t. The estimation of such a model fails to capture the positive 

impact of trade variables on the comovement of stock markets.  

 [Table 3 about here] 

The asymmetric effect of the variables is illustrated by the impact of bilateral trade 

on comovement. Countries with strong bilateral trade face an increase only on Q75 

and Q90. Of course, this cannot be accounted for with a traditional analysis involving 

correlations. Moreover, the results show that financial liberalization has a strong 

positive impact, but do not show that the effect is different across the return 

distribution. The estimated results in column 1 show a very weak impact of EMU, 

which seems an awkward finding since this variable is highly significant in Table 1. 

In contrast, exchange rate volatility has a strong significant impact on correlations, 

whereas Table 1 shows this effect is only present for the left tail quantiles. In sum, 

correlations are unable to capture the specific effects coexceedance probabilities 

show. 

A possible critique on the correlation measure is its boundedness between -1 and 1, 

which may lead to interpretation difficulties if the estimated variables are outside this 

range. Therefore, we apply the Fisher-Z transformation so that the correlation is 

mapped into the ),( ∞∞−  domain and these problems do not arise. The second 

                                                                                                                                            
However, De Hoyos and Sarafidis (2006) point out that Friedman’s (and Pesaran’s) test are biased 
in cases where cross-sectional dependence is characterized by alternating correlations in the 
residuals. Indeed, the average absolute correlations are all around 0.24, which is relatively high. 
Frees’ test is not subject to this drawback and this test strongly rejects the assumption of cross-
sectional independence. 
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column in Table 3 shows the results if we use the Fisher-Z transform. Most key 

results seem to be robust, but there are a couple differences with the first column. 

First, the lag structure of the dependent variable changes. Second, trade 

competition is now marginally significant. Instead, this variable is highly significant 

in Table 2 for most quantiles. Third, financial liberalization has only a marginally 

significant impact. Fourth, the EMU variable becomes highly significant, which 

seems reasonable from previous results. However, note that results are quite sensitive 

to the use of the Fisher-Z transformation. 

Since the coexceedance probabilities are bounded between zero and one it seems 

reasonable to map this variable as well to the (-∞,∞) domain. A logistic 

transformation seems straightforward, but cannot be executed. Some observations 

have a zero value and this is mapped into -∞ . An alternative approach is to use the 

Fisher-Z transformation as well for the codependence probabilities. The resulting 

estimates are presented in Table 4. However, as probabilities are limited between zero 

and one, these are not mapped into the domain (-∞,∞), but into (0,∞), which is 

unbounded on one side only.  

 [Table 4 about here] 

Naturally the coefficient values change, but notice the strong correspondence 

between Tables 2 and 4. First, we confirm the uniform impact of trade integration 

across the return distribution. Second, financial liberalization has its strongest effect 

on the left tail quantiles. Third, the patterns of exchange rate volatility and joint EMU 

membership are identical, the former impacts mostly the lower tail, whereas the latter 

has the largest impact on the upper tail.  

The disadvantage of the Fisher-Z transformation is the difficulty to interpret the 

magnitude of the coefficients. An important advantage of using the probabilities in the 
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domain [0,1] is the possibility to judge on both economic and statistical significance, 

instead of statistical significance only.  

5.3. Robustness 

The first robustness check is to use an alternative measure of financial integration. 

We use the IMF capital accounts liberalization dummy instead of KAOPEN. Table 5 

reports the results obtained with this alternative measure. 

 [Table 5 about here]

The results are similar to those from the KAOPEN measure, both for the financial 

integration variable and the other determinants of comovement. Note that a negative 

sign on the IMF dummy implies a reduction in comovement when restrictions are 

imposed. Comparing Tables 2 and 5 shows exactly how robust the results are. First, 

note that the coefficients on the lagged dependent variable and the explanatory 

variables change minimally. Second, the IMF dummy variable confirms that the 

strongest effect of financial liberalization is on the lower tail.  

Note that financial liberalization is significant for the 95% quantile. We do not 

have an explanation for this pattern, but one has to realize that the IMF dummy is a 

very simplistic 0/1 variable capturing financial liberalization. The disaggregation 

KAOPEN offers is especially important for our sample consisting of mostly 

developed countries, which are in general financially open, i.e. the dummy variable 

cannot capture smaller changes in financial openness. However, in general, both 

variables show the same pattern across the distribution for financial liberalization.  

Using local currency possibly might suggest a role for inflation differences, but 

this turns out not to be the case. When we include inflation differences, these are 
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never significant for any estimated quantile.17  

Next, we investigate if interest rate differences explain coexceedance probabilities. 

Define interest rate differentials as  

 where Iit,m and Iit,m are the short term interest rates from Jan-1 until Dec-31 at the 

monthly frequency for countries i and j respectively. 

 [Table 6 about here] 

Table 6 shows the results if we add the interest rate differential to the specification. 

This variable is only significant for Q95. Note that the results of all other explanatory 

variables are almost unchanged, except for exchange rate volatility, which changes 

slightly in some cases. One explanation for this is the correlation of 0.37 between 

exchange rate volatility and the interest rate differential. This can result in some 

multicollinearity problems. It seems that both variables capture partially the same 

effects, e.g. because both exchange rate volatility and interest differentials capture 

monetary phenomena. To avoid potential multicollinearity problems we present our 

baseline specification without interest rate differentials. 

In order to deal with the issue of nonsynchronous trading, we match North 

American stock market returns at time t with t+1 returns in the rest of the world. This 

assumption is not free from criticism and for robustness we report the results of no 

time shift in Table 7. 

 [Table 7 about here] 

The results of Table 7 are broadly in line with those of Table 2. However, there are 

some slight differences. First, the impact of trade competition is weakened across the 

quantiles and it is only significant for Q25. In contrast, the effects of bilateral trade 

                                                 
17  These results are not reported but are available upon request. 

,|II|=
m

mjt,mit,ijt ∑
=

−
13
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1aldifferenti rateinterest 



 24

are identical to Table 2. Second, the right tail quantiles show a significant positive 

effect of financial liberalization on comovement in Table 7. However, notice that the 

general pattern is identical to Table 2, with a larger impact on Q5 and Q10, compared 

to Q90 and Q95. Notice that in Table 7 exchange rate volatility is also in the right tail 

significant, but the magnitude is much weaker than in the left tail. The remaining 

variables show identical results as in Table 2. 

The timing of the trading days is a delicate issue. Although results are generally 

robust to both definitions of timing of trading days, it is still necessary to decide on 

which definition to choose. We choose to match t-1 returns in Canada and the US 

with time t returns elsewhere for the following reasons. 

First, results show that the coexceedance probabilities of Canada and the US vis-à-

vis the other countries are significantly higher when we consider t-1 returns for both 

countries instead of date t returns. This is in line with the findings of Bae et al. (2003) 

who find this result for correlations between the US and Asia. Second, we follow the 

recent literature, which prefers to match day t-1 returns in North America with day t 

returns elsewhere (see e.g. Poon, et al, 2004). 

6. Conclusion 

In conclusion, this paper shows the asymmetric impact of global integration processes 

on stock market comovement at different parts of the return distribution. We measure 

comovement by estimating coexeendance probabilities using the methodology of 

Cappiello et al. (2005). These coexceedance probabilities are analyzed in a gravity 

model using bilateral trade, finance, industry and exchange rate indicators.  

Our findings suggest that the global integration process has asymmetric effects on 

comovement at different parts of the return distribution. First, trade integration 

increases comovement across all quantiles. Second, financial liberalization has a 
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strong positive impact on the left tail and only a minor effect on the right tail. Finally, 

a decrease in exchange rate volatility has a strong positive impact on lower tail 

comovement, but no effect on right tail comovement. Once exchange rate volatility is 

eliminated by e.g. the introduction of the euro, this has a strong effect on comovement 

as well, but especially on the upper tail. 

The increase in comovements due to the global integration process illustrates the 

dark side of global integration. Investors will experience more difficulties in reaping 

the gains from asset diversification, especially diversification in bad times will 

become more challenging. 
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Appendix A: Data Sources 

Stock market indexes  

Thomson Datastream. Datastream national stock market indexes. Daily local currency 

denominated prices from 1974-2006.  

Financial liberalization  

IMF Annual Report on Exchange Arrangements and Exchange Restrictions. Capital 

controls dummy.  

Menzie Chinn (KAOPEN). Financial liberalization data on KAOPEN is available 

from 1974 until 2006. Data for the Netherlands is missing from 1975-1980 and 

Switzerland 1973-1995. For the Netherlands, assume a gradual linear liberalization 

between 1975-1980. On the basis of alternative measures (e.g Quinn indicator, IMF 

Annual Reports on Exchange Rate Arrangements) Switzerland is fully open as of 

1974.  

Trade integration  

IMF Direction of Trade Statistics. Bilateral import and export data in US$ from 1974-

2006. There is incomplete data for Hong Kong and Singapore (1980-2006) and South 

Africa. However, most data can be completed by using the trade partner’s export and 

import figures. For Belgium simplifying assumptions are necessary since only data for 

the Belgium-Luxembourg currency union is available before 1999.  

World Bank World Development Indicators. Nominal GDP in US$ for all countries 

1974 2006.  

Industrial structure  

All EU countries, Japan and the United States: EU KLEMS November 2007 (1974-

2005). Australia: Australian Bureau of Statistics (1975-2006). Canada: CANSIM 

(1974-1978) and GGDC 60 Industy database (1979- 2003). Hong Kong and 

Singapore: GGDC 10-Sector database (1974-2005). South Africa: Statistics South 

Africa (1986-2006). Switzerland: Statistics Switzerland (1990-2006).  

Exchange rate volatility  

Datastream daily exchange rates of all currencies vis-a-vis the UK Pound  

from 1974-2006. Since 1999 volatility for EMU pairs is zero.  

Short term interest rates  

Global Financial Data, monthly frequency. 
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Table 1: Descriptive statistics of equity return: daily data, 1/1/1974-31/12/2006  

Country average return 

(% per day) 

average return 

(% per day) 

skewness kurtosis test for normality 

(Chi2) 

Australia 0.038 1.046 -2.79*** 83.12*** 6724.6*** 

Austria 0.033 0.797 -0.30*** 18.83*** 1993.9*** 

Belgium 0.029 0.850 -0.44*** 16.09*** 1956.6*** 

Canada 0.032 0.821 -0.79*** 16.92*** 2459.8*** 

Denmark 0.042 0.944 -0.94*** 36.50*** 3407.4*** 

France 0.038 1.135 -0.37*** 7.86*** 1093.8*** 

Germany 0.028 0.993 -0.66*** 11.08*** 1819.1*** 

Hong Kong 0.048 1.682 -2.34*** 57.93*** 5861.6*** 

Ireland 0.047 1.067 -0.40*** 18.97*** 2088.3*** 

Italy 0.039 1.312 -0.26*** 7.92*** 1015.2*** 

Japan 0.023 1.031 -0.36*** 15.09*** 1807.6*** 

Netherlands 0.033 1.018 -0.32*** 9.77*** 1301.8*** 

South Africa 0.061 1.291 -0.74*** 12.87*** 2091.7*** 

Singapore 0.026 1.279 -1.00*** 35.72*** 3490.2*** 

Switzerland 0.032 0.890 -0.98*** 18.53*** 2831.2*** 

United Kingdom 0.039 1.031 -0.25*** 11.35*** 1417.4*** 

United States 0.033 0.982 -1.20*** 30.82*** 3660.7*** 

      

Stock market Data is daily local currency denominated. The test for normality is 

based on D’Agostino et al. (1990). *** implies rejection at the 1% level. 



 31

 

Table 2: Explaining codependence (Baseline specification). 

 Q5 Q10 Q25 Q75 Q90 Q95 

lagged probability (-1) 0.133*** 0.187*** 0.234*** 0.237*** 0.162*** 0.076* 

 (0.044) (0.045) (0.045) (0.045) (0.044) (0.043) 

lagged probability (-2) 0.060 0.105** 0.170*** 0.171*** 0.136*** 0.067 

 (0.043) (0.044) (0.044) (0.044) (0.042) (0.042) 

lagged probability (-3)  0.095** 0.116*** 0.096** 0.102**  

  (0.043) (0.043) (0.043) (0.042)  

trade competition 0.177** 0.119* 0.179*** 0.145*** 0.180*** 0.189***

 (0.090) (0.072) (0.051) (0.050) (0.062) (0.065) 

bilateral trade -0.129 1.252 0.750 1.521** 1.358* 0.730 

 (1.007) (0.961) (0.734) (0.683) (0.762) (0.852) 

financial liberalization 0.008** 0.009** 0.008** 0.007** 0.003 0.005 

 (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) 

industrial dissimilarity -0.075 -0.104** -0.108*** -0.066* -0.099** -0.084* 

 (0.058) (0.046) (0.037) (0.034) (0.039) (0.043) 

exchange rate volatility -0.289** -0.318*** -0.276*** -0.130 -0.163 -0.174* 

 (0.131) (0.115) (0.094) (0.093) (0.104) (0.096) 

joint EMU membership 0.068*** 0.049*** 0.026* 0.055*** 0.076*** 0.113***

 (0.021) (0.018) (0.014) (0.016) (0.017) (0.016) 

Number obs 3566 3488 3488 3488 3488 3566 

R2 0.49 0.64 0.77 0.68 0.44 0.33 

Hausman test (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 

Wald test (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 

Wooldridge test (p-value) 0.737 0.359 0.329 0.122 0.377 0.284 

Friedman test (p-value) 1.000 1.000 1.000 1.000 1.000 1.000 

Abs off-diagonal elements 0.242 0.239 0.246 0.245 0.241 0.238 

Frees (Q-statistic) 0.000 0.000 0.000 0.000 0.000 0.000 

Note: Estimation of Equation (4) using FGLS cross section weights, fixed cross-

section effects, common time shocks and Panel Corrected Standard Errors (SUR). 

*,** and *** imply significance at the 10%, 5% and 1% level, respectively. 
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Table 3: Explaining codependence with realized correlation. 

 Realized correlation FZ-transform 

lagged correlation (-1) 0.356*** 0.440*** 

 (0.051) (0.053) 

lagged correlation (-2) 0.115** 0.147*** 

 (0.052) (0.053) 

lagged correlation (-3) 0.132***  

 (0.049)  

trade competition 0.157 0.420* 

 (0.103) (0.244) 

bilateral trade 1.361 3.579 

 (1.111) (3.033) 

financial liberalization 0.011** 0.021* 

 (0.005) (0.011) 

industrial dissimilarity -0.189*** -0.408** 

 (0.068) (0.159) 

exchange rate volatility -0.571*** -0.964*** 

 (0.168) (0.369) 

joint EMU membership 0.038* 0.177*** 

 (0.020) (0.060) 

Number obs 3488 3566 

R2 0.85 0.78 

Note: Estimation of Equation (4), where pij,t  should be replaced with realized  

correlations (ρij,t ), using FGLS cross section weights, fixed cross-section  

effects, common time shocks and Panel Corrected Standard Errors (SUR).  

*,** and *** imply significance at the 10%, 5% and 1% level, respectively.  
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Table 4: Explaining codependence using the Fisher - Z transformation. 

 Q5 Q10 Q25 Q75 Q90 Q95 

 0.144*** 0.199*** 0.261*** 0.254*** 0.173*** 0.083* 

lagged probability (-1) (0.044) (0.046) (0.046) (0.046) (0.045) (0.043) 

 0.063 0.111** 0.181*** 0.173*** 0.141*** 0.071* 

lagged probability (-2) (0.044) (0.045) (0.046) (0.045) (0.043) (0.042) 

  0.100** 0.119*** 0.098** 0.107**  

lagged probability (-3)  (0.044) (0.045) (0.044) (0.043)  

 0.363* 0.236 0.388*** 0.344*** 0.376*** 0.385***

trade competition (0.191) (0.159) (0.123) (0.118) (0.132) (0.135) 

 -0.305 3.200 2.074 3.728** 2.804* 1.439 

bilateral trade (2.188) (2.230) (1.877) (1.705) (1.638) (1.792) 

 0.016* 0.018** 0.017*** 0.014* 0.005 0.010 

financial liberalization (0.009) (0.008) (0.006) (0.007) (0.007) (0.007) 

 -0.147 -0.225** -0.259*** -0.141* -0.201** -0.166* 

industrial dissimilarity (0.127) (0.102) (0.089) (0.079) (0.083) (0.090) 

 -0.577** -0.655*** -0.638*** -0.279 -0.332 -0.345* 

exchange rate volatility (0.280) (0.253) (0.224) (0.218) (0.222) (0.198) 

 0.161*** 0.119*** 0.067* 0.145*** 0.172*** 0.240***

joint EMU membership (0.048) (0.042) (0.036) (0.040) (0.037) (0.030) 

 3566 3488 3488 3488 3488 3566 

Number obs 0.455 0.60 0.69 0.63 0.41 0.30 

R2 0.144*** 0.199*** 0.261*** 0.254*** 0.173*** 0.083* 

       

Note: Estimation of Equation (4) using FGLS cross section weights, fixed cross-

section effects, common time shocks and Panel Corrected Standard Errors (SUR). 

*,** and *** imply significance at the 10%, 5% and 1% level, respectively. 
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Table 5: Explaining codependence using the IMF dummy.  

 Q5 Q10 Q25 Q75 Q90 Q95 

lagged probability (-1) 0.134*** 0.187*** 0.241*** 0.266*** 0.162*** 0.074* 

 (0.044) (0.045) (0.045) (0.045) (0.044) (0.043) 

lagged probability (-2) 0.061 0.107** 0.173*** 0.146*** 0.137*** 0.065 

 (0.043) (0.044) (0.045) (0.045) (0.043) (0.042) 

lagged probability (-3)  0.097** 0.119*** 0.085** 0.101**  

  (0.043) (0.043) (0.043) (0.042)  

trade competition 0.178** 0.125* 0.176*** 0.133** 0.181*** 0.196*** 

 (0.090) (0.073) (0.051) (0.052) (0.062) (0.066) 

bilateral trade -0.126 1.231 0.665 1.539** 1.344* 0.716 

 (1.004) (0.954) (0.729) (0.670) (0.757) (0.843) 

financial liberalization -0.018* -0.017* -0.007 -0.008 -0.006 -0.016** 

(IMF Dummy) (0.010) (0.009) (0.007) (0.007) (0.007) (0.008) 

industrial dissimilarity -0.081 -0.107** -0.105*** -0.041 -0.101*** -0.095** 

 (0.058) (0.046) (0.038) (0.034) (0.039) (0.042) 

exchange rate volatility -0.288** -0.309*** -0.268*** -0.078 -0.161 -0.174* 

 (0.132) (0.115) (0.094) (0.093) (0.105) (0.096) 

joint EMU membership 0.069*** 0.051*** 0.029** 0.058*** 0.076*** 0.113*** 

 (0.022) (0.018) (0.014) (0.017) (0.017) (0.016) 

Number obs 3566 3488 3488 3488 3488 3566 

R2 0.49 0.64 0.77 0.71 0.44 0.33 

Note: Estimation of Equation (4) using FGLS cross section weights, fixed cross-

section effects, common time shocks and Panel Corrected Standard Errors (SUR). 

*,** and *** imply significance at the 10%, 5% and 1% level, respectively.
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Table 6: Explaining codependence using interest rates.  

 Q5 Q10 Q25 Q75 Q90 Q95 

lagged probability (-1) 0.133*** 0.187*** 0.234*** 0.236*** 0.162*** 0.075* 

 (0.044) (0.045) (0.045) (0.045) (0.044) (0.043) 

lagged probability (-2) 0.060 0.105** 0.170*** 0.171*** 0.136*** 0.067 

 (0.043) (0.044) (0.044) (0.044) (0.043) (0.042) 

lagged probability (-3)  0.095** 0.116*** 0.097** 0.101**  

  (0.043) (0.043) (0.043) (0.042)  

trade competition 0.175* 0.119* 0.179*** 0.144** 0.183*** 0.194***

 (0.090) (0.072) (0.051) (0.050) (0.063) (0.065) 

bilateral trade -0.132 1.242 0.750 1.505** 1.370* 0.725 

 (1.007) (0.964) (0.735) (0.683) (0.767) (0.853) 

financial liberalization 0.008** 0.009** 0.008*** 0.007** 0.003 0.004 

 (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) 

industrial dissimilarity -0.076 -0.103** -0.108*** -0.065* -0.100** -0.088** 

 (0.058) (0.046) (0.037) (0.034) (0.039) (0.043) 

exchange rate volatility -0.303** -0.326*** -0.281*** -0.144 -0.145 -0.137 

 (0.132) (0.116) (0.095) (0.094) (0.107) (0.097) 

joint EMU membership 0.068*** 0.049*** 0.026* 0.055*** 0.076*** 0.113***

 (0.021) (0.018) (0.014) (0.016) (0.017) (0.016) 

interest rate differential 0.100 0.047 0.038 0.079 -0.110 -0.219** 

 (0.157) (0.125) (0.098) (0.102) (0.120) (0.109) 

Number obs 3566 3488 3488 3488 3488 3566 

R2 0.49 0.64 0.77 0.68 0.44 0.33 

Note: Estimation of Equation (4) using FGLS cross section weights, fixed cross-

section effects, common time shocks and Panel Corrected Standard Errors (SUR). 

*,** and *** imply significance at the 10%, 5% and 1% level, respectively.
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Table 7: Explaining codependence with no t-1 shift for Canada and US 

 Q5 Q10 Q25 Q75 Q90 Q95 

lagged probability (-1) 0.125*** 0.179*** 0.209*** 0.227*** 0.143*** 0.093** 

 (0.043) (0.045) (0.045) (0.045) (0.045) (0.044) 

lagged probability (-2) 0.109** 0.140*** 0.166*** 0.168*** 0.108** 0.073* 

 (0.043) (0.044) (0.045) (0.044) (0.044) (0.043) 

lagged probability (-3)  0.065 0.102** 0.095** 0.121***  

  (0.044) (0.043) (0.043) (0.043)  

trade competition 0.119 0.088 0.084* 0.080 0.025 0.057 

 (0.083) (0.067) (0.047) (0.053) (0.067) (0.073) 

bilateral trade 0.217 1.029 0.842 1.653** 1.296* 0.937 

 (1.037) (0.975) (0.726) (0.670) (0.794) (0.918) 

financial liberalization 0.010*** 0.010*** 0.009*** 0.011*** 0.008** 0.007** 

 (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 

industrial dissimilarity -0.127** -0.124*** -0.123*** -0.117*** -0.184*** -0.175***

 (0.059) (0.045) (0.039) (0.033) (0.039) (0.043) 

exchange rate volatility -0.281** -0.295*** -0.240*** -0.174** -0.214** -0.196** 

 (0.118) (0.100) (0.093) (0.086) (0.095) (0.094) 

joint EMU membership 0.062*** 0.045*** 0.025** 0.037*** 0.054*** 0.093*** 

 (0.021) (0.017) (0.013) (0.014) (0.017) (0.018) 

Number obs 3566 3488 3488 3488 3488 3566 

R2 0.51 0.64 0.79 0.68 0.47 0.37 

Note: Estimation of Equation (4) using FGLS cross section weights, fixed cross-

section effects, common time shocks and Panel Corrected Standard Errors (SUR). 

*,** and *** imply significance at the 10%, 5% and 1% level, respectively. 
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