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ABSTRACT
We investigate the dependence structure among the seven emerg-
ing stock markets namely Brazil, China, India, Indonesia, Mexico,
South Korea, and Turkey for the period 2000 to 2018 by employing a
dependence-switching copula model. This model allows us to inves-
tigate the tail dependence and regime shift between positive and
negative correlation for bull and bear stock pairs. Our overall results
show that under the negative correlation regime, only 8 out of 21
paired stock markets have asymmetric dependence, and 6 out of 21
paired stock markets have asymmetric tail dependence. Although
the emerging stock markets are deemed by the global investors to
be a homogenous class, these stock markets manifest varied degree
of traits. Henceforth, from a portfolio diversification perspective, the
global investors can exploit the diversification opportunities offered
by the selected stock markets. These findings have appropriate
implications from the perspective of asset pricing and risk manage-
ment. The study recommends that regulators should provide a road-
map for identifying risk’s effects across the selected emerging stock
markets. Moreover, policy makers should consider what further
financial collaboration they intend to pursue for enabling greater
accessibility to the selected emerging stock markets.
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1. Introduction

Dependence structure of stock markets has been acknowledged as a central theme on
the landscape of portfolio management. Grubel (1968) highlighted the canons of
Markowitz (1952) and reported that the diversified portfolio at the international level
generates a better proportion of returns and lower variances in comparison with the
diversification of assets at the domestic level. This statement is supported by Levy and
Sarnat (1970), Agmon (1972), and Grauer and Hakansson (1987). Portfolio risk
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decreases because of proper diversification of funds in the worldwide equity markets
that have low correlation. This enthusiasm leads to the investigation of the dependence
and tail dependence framework among the worldwide stock markets in pursuit for
those markets exhibiting low linkages. Studies have revealed that incorporating the
emerging markets to a developed market equity portfolio will be valuable for effective
portfolio diversification (Ajayi & Mehdian, 1995; Bowman & Comer, 2000). In the last
few decades, emerging economies have garnered attention on account of economic
accomplishment. On account of better returns, the emerging markets have unfolded as
a center of attraction for the diversified portfolio at the international level. Thus, mul-
tiple studies highlight the worth of incorporating emerging stock markets in the devel-
oped market portfolios as it promotes the proper spreading of investments and assists
the international stakeholders in attaining higher gains (Barry, Peavy, & Rodriguez,
1998; Buchanan, English, & Gordon, 2011).

Emerging markets are characterized with a group of economies having promising
stock markets, which have unlocked the landscape of local financial markets to the global
investors through the following modes: openness to foreign ownership, ease of capital
inflows/outflows, enhancing the competence of the operational framework, and
strengthening the stability of institutional framework (The Economist, 2020). The ambit
of emerging markets has magnified to include economies from Asia, Africa, to South
America. Moreover, the emergence of E7 emerging markets as a powerful economic bloc
illustrates a paradigm shift on the landscape of the global economy. The current study
focuses on seven emerging stock markets, namely, Brazil, China, India, Indonesia,
Mexico, South Korea, and Turkey.1 These markets are rapidly growing owing to dimin-
ishing state regulations and the private drivers’ significant partaking. The purported
emerging economies are members of global economic organizations, thereby are highly
linked up to the international economic landscape in connection with trade, investment,
and market interdependence. These emerging markets are instrumental in accelerating
the future growth of international trade and financial solidity (Mensi et al., 2016;
Kearney, 2012; Laopodis & Papastamou, 2016; Nielsen, Hannibal, & Larsen, 2018).

The world stock markets have grown considerably over the past three decades, with
emerging markets significantly contributing to this expansion. The bulk of emerging
economies’ domestic financial liberalization policies have put a significant emphasis on
stock market development (Yartey, 2008). About 80% of the output of all emerging
markets is produced by the seven selected emerging market economies. Similar to the
G7 (the Group of Seven major developed countries), this club, recognized as E7, has
equally been the primary driver of growth in emerging markets and their integration
into the world economy (Huidrom et al, 2020). Understanding dependence structure
among the E7 has grown more crucial given the changing economic landscape. The
limited amount of research pertaining to E7 stock markets tends to motivate this work.

We identified these economies because their stock market brings diversification and
the opportunity for risk-adjusted returns. Because of their continuous reforms and
incorporation into the global financial environment, global investors have acknowledged
emerging stock market. While the stock market of these markets provides gains, they also
expose global investors to the dynamics of these stock market dependence structures.
Thus, investigating and revealing the interconnections between these markets is relevant.
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Notwithstanding the useful contributions made in the research area of linkages
among the stock markets, the critical question is to gauge the dependence framework
among the emerging markets. The routes of dependence between the paired stock mar-
kets are made on account of a positive (portfolio rebalancing) or negative correlation
(return chasing effect). Portfolio rebalancing gives investors the opportunity to recoup
gains from the domestic markets and reinvest in other growing markets offering better
prospects. Correspondingly, this causes a positive correlation between the stock markets
(Hau & Rey, 2004). By contrast, in return chasing, negative links between the stock
markets is revealed. The global investors compete to procure when the local market is
advancing and make an exit in a plunging domestic market. The return-chasing behav-
ior of international investors in the emerging stock markets is well endorsed (Kim &
Wei, 2002; Chai-Anant & Ho 2008). Studies have reported that the correlation coeffi-
cient cannot measure the asymmetric dependence relationships between asset returns
(Blyth, 1996; Shaw, 1997). Likewise, the DCC-GARCH and regime-switching models
have pitfalls in capturing asymmetric dependence (Boubaker & Sghaier, 2014).

The copula is rank-based and is invariant to increasing and continuous transforma-
tions. Patton (2006) brought the time-varying copulas to accommodate time variation
in the dependence structure. This present study encompasses Patton’s (2006) expansion
of Sklar’s (1959) theorem for conditional distributions and the parametric model on the
unfolding of the copula.

A study of dependence framework between the paired emerging stock market through
the copula is a robust approach in terms of portfolio and risk management. It shall guide
the investors to apportion their fund in a well-thought-out manner, especially in han-
dling probable extreme losses that can happen concurrently in other selected emerging
equity indices.

With this in perspective, we make two contributions to the extant literature; our
investigation is indeed the first in domain of emerging stock markets employing a
dependence-switching copula approach to explore the dependence structure between
the selected emerging stock markets. We illustrate how the correlation between paired
emerging stock markets shifts between positive and negative correlation regimes
depending on whether the return chasing or portfolio rebalancing effect is dominant.
Second, our results provide more insights into asset allocation decisions in the seven
emerging countries, enabling global investors to better understand the mechanism of
dependence structure across these countries.

Studies manifesting the relation among the emerging markets are plentiful, but those
investigating the dependence structure among the emerging stock markets through the
copula methodology are sparse. As a result, this research aims to fill a vacuum in the lit-
erature by presenting fresh empirical evidence on the dependence structure of seven
emerging stock markets, namely, Brazil, China, India, Indonesia, Mexico, South Korea,
and Turkey.

Thus, following Wang, Wu, and Lai (2013), our work measures the time-varying
dependence switching copula in selected emerging markets. The present study proposes
the conditional correlations between the paired stock markets to switch between the
negative and positive regimes, conditional to whether the forces of portfolio rebalancing
and return chasing are prevailing. Moreover, the time-varying dependence switching
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copula is utilized to study the dependence framework in selected emerging markets.
The rationale of employing this tool is, primarily, the combination of Clayton copula
with the survival Clayton copula, covers asymmetric tail dependence. In addition, this
study sets the dependence structure between the stock markets to oscillate between the
positive and negative correlation settings that mimic the existent sphere where the
dependence can fluctuate. Lastly, this study gauges the tail dependence structure
through the following stock market settings: (a) bear-bull stock markets; (b) bull-bear
stock markets; (c) bear-bear stock markets; and (d) bull– bull stock markets.

Our empirical results report that in a negative correlation regime, when one boom-
ing stock market associates with a crashing stock market, the left and tail dependence
are significant for 8 out of 21 and 6 out of 21 paired stock markets, respectively, at the
conventional levels. However, in the case of positive correlation regime, when both pur-
ported markets are booming and crashing, the right and tail dependence are significant
for 8 out of 21 paired stock markets and none, respectively, at the conventional levels.
Our results exhibit that under the negative correlation regime, symmetric centric
dependence and symmetric centric tail dependence occurred in most of the paired stock
markets. Accordingly, under the positive correlation regime, symmetric dependence
occurred in considerable cases of paired stock markets, whereas symmetric tail depend-
ence is present in totality for all the covered markets. These findings have appropriate
implications from the perspective of asset pricing and risk management.

The remainder of this paper is organized as follows. Section 2 presents the literature
review. Section 3 covers the methodology. Section 4 incorporates the data and unfolds
the empirical outcomes. Section 5 covers conclusion and policy implications.

2. Literature review

Several scholars have employed various methods of data analysis on the dependence
structure of equity markets: correlation and conditional correlations (Forbes &
Rigobon, 2002), DCC multivariate GARCH model (Sedik & Williams, 2011), ARMA-
EGARCH model (Kim et al., 2005), rolling bi-correlation tests (Lim et al., 2008), regime
switching models (Guo et al., 2011), co-integration analysis (Arouri et al., 2011), mul-
tiple regression (Alam & Hussein, 2019), VECM method (Alam et al., 2020), wavelet
analysis (Rua & Nunes, 2009), multivariate VAR framework (Wang, 2014), and vector
autoregression technique (Elyasiani, 1998). Thus, several scholars have used a range of
data techniques to investigate the dynamic linkages of equities markets through an
appropriate model covering specific distribution.

These are the fundamental concepts for econometric models, but it is revealed that it
is challenging for examining the asymmetry in the tail dependence through above cited
methods. For the purpose of capturing nonlinear dependence, copula functions have
been developed. In enhanced financial modeling, copulas are employed to explain data
with skewness and fat tails. An important method for identifying nonlinear dependence
between asset returns is copula functions.

Copulas split the dependence framework from the marginal distributions and permit
significant flexibility in the system of a suitable multivariate distribution for returns.
Multiple works substantiated the copula-based studies of dependence structure. The
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purported studies elucidated the strong indication of asymmetric dependence in the joint
distribution function of a set of random variables. Copulas demonstrate the superiority
in modeling the dependence in populations with asymmetrical tails and provide
enhanced attention into relationships among the selected variables. Multiple studies have
utilized the copula approach for the developed stock markets (Jondeau & Rockinger,
2006; Peng & Ng, 2012; Kakouris & Rustem, 2014). Several others investigated the
emerging economies (Rodriguez, 2007; Ning & Wirjanto, 2009) and examined the link-
age between the developed and emerging markets (Wang et al., 2011; Ye et al., 2012).

For instance, utilizing two different dependence measures, correlations, and copulas,
Chollete et al. (2011) investigated diversification opportunities in international markets.
They uncovered that the conflict on which countries have the largest and smallest diver-
sification gains is revealed by dependence measures. Moreover, Okimoto (2008)
revealed asymmetric dependence structures on the landscape of international equity
markets by employing the Markov switching model in tandem with copula theory.
Rodriguez (2007) unearthed that the dependence arrangement between stock market
returns of Asian and Latin American countries were affected during the turmoil.
Kenourgios et al. (2007) revealed an asymmetrical intensification in dependence among
Brazil, Russia, India, and China (BRIC) and the two developed US and UK markets
during the recent financial crises through the application of multivariate copula regime-
switching approach. Furthermore, Bartram et al. (2007) uncovered through a time-vary-
ing copula model that the market dependence for bigwig equity markets has intensified
within the Euro sphere with the embarking of Euro. Meanwhile, Aloui et al. (2011)
through copula exhibit strong indication of time-varying evidence between the BRIC
and US markets. Boubaker and Sghaier (2014) also applied time-varying copula func-
tions and revealed symmetric dependence between the American and Japanese stock
markets and asymmetric dependence between the American and European stock mar-
kets. Mensah and Alagidede (2017) revealed that the dependence is time variant and
asymmetrical in nature. Further, there was no spillover influence on African emerging
markets because of the extreme sinking of price movement in the advanced market.

Employing the copula, Basher, Nechi, and Zhu (2014) examined six gulf economies
and revealed that conditional dependence throughout the 21 pairs of equity stock returns
is not straightly symmetrical. The lower tail dependence is markedly larger than the
upper tail dependence. Ning andWirjanto (2009) through the copula method manifested
substantial and asymmetrical return volume reliance at the extremes for the six emerging
East Asian equity markets. Using dependence-switching copula model, Wang et al.
(2013) disclosed that the dependence and tail dependence associating to the stock and
foreign exchange markets are asymmetric (symmetric) for a good number of countries in
the negative (positive) correlation period. Ning (2009) examined the dependence frame-
work through a mixture copula model, which exhibited noteworthy asymmetric tail
dependence in the majority of return paired, with lower tail dependence being greater
than the upper tail dependence. Likewise, the dependence is time variant and in sync
toward the integration in European and East Asian markets excluding North American
markets. Further, the dependence is more intracontinental than intercontinental. By
means of time-varying copulas, Boubaker and Raza (2016) brought to fore considerable
evidence of co-movement between the US and CEE equity markets and revealed that the
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co-movement exhibits sizeable time variations and unevenness in the tails of the return
distributions. Yang and Hamori (2013) revealed existence of an asymmetric dependence
linkage between developed and emerging markets. Additionally, multiple studies
through copula reveals asymmetric dependence among the stock markets (Yang et al.,
2015; Okimoto,2014; Mokni & Mansouri,2017; Hussain & Li, 2018).

3. Methodology

3.1. Copula specification

The copula is a robust tool to gauge the nonlinear dependence between variables. This
method can capture different types of dependence throughout the entire distribution of
asset returns. The copula modeling is well acknowledged, and the illustrations of its
application in finance are numerous. There are multiple advantages in applying copulas
in measuring the financial markets co-movement. Primarily, copulas encompass both
the linear and nonlinear dependence of the variables. At a given time, copula serves two-
fold. First, it draws out the dependence structure both from the joint distribution func-
tion and from the marginal behavior. The copula model incorporates the degree and the
structure of the dependence. Second, it captures the tail dependence and asymmetric
dependence. In connection, this study works out on a dependence-switching copula.2

The employment of copula functions, the marginal models, and the estimation pro-
cedure manifest the dependencies among the purported stock markets. Copulas stipu-
late a suitable method to demonstrate the joint distributions of random variables with
superior flexibility both in marginal distributions and dependence structure. Centered
on Sklar’s (1959) theorem, the joint distribution of two random variables can be
explained through a copula, once the transformation of marginal distributions into uni-
form distributions is completed. This study concentrates on the dependence framework
between two stock market returns (X1 and X2). Consequently, a bivariate joint cumula-
tive distribution (F) of the two stock market returns (X1, t) and (X2, t) can be separated
into two marginal cumulative distribution functions (F1 and F2), and a copula cumula-
tive distribution function (C) provides the dependence framework between the two pur-
ported series. In line, the variables’ joint distribution can be illustrated through a copula
function C represented as

F X1, t , X2, t; d1, d2; h
c� � ¼ CðF1 X1, t, d1ð Þ, F2 X2, t , d2Þ; hc

� �
, (1)

where FK XK, t; dKð Þ, K¼ 1, 2, is the marginal cumulative distribution function of
XK, t and dK , whereas h

c is the parameter set of FK XK, t; dKð Þ and C.
Considering that all the cumulative distribution functions are differentiable, we

can express the bivariate joint density as

f X1, t, X2, t; d1, d2; h
c� � ¼ c

�
u1, t , u2, t; hc

�Y2
K¼1

fk Xk, t; dkð Þ, (2)

where f X1, t,X2, t; d1, d2;h
c� � ¼ oF2 X1, t,X2, t; d1, d2;h

c� �
=oX1, toX2, t is the joint density of

X1, t and X2, t: uk, t is the probability integral transformation of XK, t based on
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FK XK, t; dKð Þ, K¼ 1, 2; C u1, t, u2, t; h
cð Þ ¼ oC2 u1, t � u2, t, h

cð Þ ¼ oC2 u1, t, u2, t ;hcð Þ.
o
u1, tou2, t

is the copula density function; and FK XK, t; dKð Þ is the marginal density of Xk, t,
where K¼ 1, 2. The bivariate joint density of X1, t , and X2, t is the outcome of the
copula density and the two marginal densities.

As described above, the linkage between the stock markets can be positive (return-
chasing effect) or negative (portfolio-rebalancing effect) that relies on the forte of two
distinctive effects. If the former effect is more prevalent for some time periods and the
latter effect leads for the other time phases, then the co-movement amid the stock mar-
kets clocks between positive and negative regimes. In order to obtain the dependence
switching, we employ a Markov switching copula approach, in which the unobserved
state variable affects the copula function and marginal models (Wang et al., 2013, 2018).

We consider the following state-varying copula:

CS, t u1, t, u2, t; hC1 h
C
0

� �
¼

C1 u1, t , u2, t; hC1
� �

, if St ¼ 1

C0 u1, t , u2, t; hC0

� �
, if St ¼ 0

8<
:

where St is an unobserved state variable. Correspondingly, C1

�
u1, t , u2, t; hC1

�
and

C0

�
u1, t , u2, t; hC0

�
are the two blended copulas with positive and negative depend-

ence structures, respectively. The above-mentioned copula function mixes the Clayton
copula (Cc) with the survival Clayton copula (CSC).3

C1 u1, t , u2, t; hC1
� �

¼ CC u1, t, u2, t; a1ð Þ þ CSC u1, t , u2, t; a2ð Þ, (3)

C0 u1, t , u2, t; hC0

� �
¼ CC 1� u1, t, u2, t; a3ð Þ þ CSC 1� u1, t, u2, t; a4ð Þ, (4)

where hC1 ¼ (a1, a2)’, h
C
0 ¼ (a3, a4)’; CC u, t, að Þ ¼ u�a þ t�a � 1ð Þ�1=a , CSC u, t, að Þ ¼

ðuþ v� 1Þ þ Cc 1� u, 1� t, að Þ and a 2 0, 1ð Þ: After the estimation of the shape
parameter, a1, it can be changed in order to obtain Kendall’s si, correlation coeffi-

cient q1, and tail dependence ui with si ¼ /i= 2þ/ið Þ, q1 ¼ sin p�si=2ð Þ and ui ¼
0:5�2�1=/i , for i¼ 1, 2, 3, 4.

q2 q3ð Þ and q1 q4ð Þ compute the dependence of the high and low returns, respect-
ively, between the stock markets. They are the dependence measures computed under
the normal stock market conditions. In line, u2ðu3Þ and u1ðu4Þ gauge the depend-
ence of extremely high and extremely low returns, respectively, between the stock
markets. They are computed under the extreme stock market conditions. The unob-
served state variable St follows the standard of Markov switching chain with a transi-
tion probability matrix represented as follows:

p ¼ p00 1� p00
1� p11 p11

� �
where pij ¼ 1� p11Pr½St ¼ jjSt�1 ¼ ij� for I, j¼ 0, 1.

The state variable St moves amid the negative and the positive dependence regimes.
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The bivariate density function of the just mentioned model is stated as

f g1,g2, d
1
1, d

0
1, d12, d02, h1c , h0c

� �

¼
(X1

j¼0

Pr St ¼ jð ÞCj
�
u1, t, u2, t; hjc

�Y2
k¼1

(X1
j¼0

Pr St ¼ jð Þfk
�
gk, djk, St ¼ j

�))

(5)

Processing equation 5 into log-likelihood is exhibited in the following mode:

L #ð Þ ¼ Lc u1ð Þ þ
X2

K¼1
Lkðu2, kÞ, (6)

where # ¼ h1c , h0c , d11, d
0
1, d12, d02, p11, p00

� �
; Lc u1ð Þ and Lkðu2, kÞ are the log of the

copula density and the marginal density of Xk, respectively. These densities are stated
as follows:

Lc u1ð Þ ¼ log ½PrðSt ¼ 1Þc1ðu1, u2; h1c Þ þ
�
1� PrðSt ¼ 1Þc0ðu1, u2; h0c Þ

��,
LK u2, kð Þ ¼ log½PrðSt ¼ 1Þfkðgk : d

1
k: St ¼ 1Þ þ �

1� PrðSt ¼ 1Þfkðgk, d
0
k: St ¼ 0Þ��

where u1 ¼ ðh1c , h0c , p11, p00Þ:

3.2. Marginal models

Using skewed t-distribution, we frame work the log-return time-series by applying
the GJR-GARCH(p, q) format of Glosten, Jagannathan, and Runkle (1993). We con-
sider the ensuing returns series:

rt ¼ /þ et ,

where / is the expected return and et is a zero mean white noise term. Notably, this
paper states that et � GJR� GARCH if we can pen et ¼ rtzt, where zt is standard
Gaussian and (in more generalized mode to justify for more lags).

r2
t ¼ xþ

Xq

i¼1
ðaie2t�i þ ciIt�ie

2
t�iÞ þ

Xp

j¼1
bjr

2
t�j, (7)

where x is a constant, et�i is the ARCH component, r2
t�j is the GARCH component,

and

It�i ¼ 0 if , rt�1 � /
1 if , rt�1 < /

:

�

The number of lags (p, q) is chosen in line with the Akaike information criteria (AIC).

8 M. Z. REHMAN ET AL.



3.3. Estimation methodology (available in supplementary materials)

4. Empirical investigation

4.1. Data description

In this study, daily data of stock market indices from January 1, 2000, to October 2018
are extracted from the Bloomberg database covering 4,998 observations. The countries
under consideration are Brazil, China, India, Indonesia, Mexico, South Korea, and
Turkey. Table S1 presents the descriptive statistics for the data series. The average stock
indices returns for the selected countries except Turkey are similar, and the correspond-
ing standard deviation reveals related attributes. All the stock market indices returns
series exhibit excess kurtosis and are rejected following a normal distribution substanti-
ated by Jarque–Bera normality test.

4.2. Parameter estimates for the marginal distribution models

A marginal model’s best specification is essential to prevent biased copula estimations.
Table S2 conveys the estimation results of the AR(1)-SPLINE-GJR model for the pur-
ported indices. Multiple diagnostic tests are fitted to test the hypotheses of no serial cor-
relation and autoregressive conditional heteroscedasticity in the estimated residuals.
The test statistics cover the Q-statistic, the Q2-statistic, and the ARCH-LM statistic.
The Ljung–Box tests for serial correlation in the standardized residuals (the Q (10) stat-
istic) and squared standardized residuals (the Q2(10) statistic) accept the null hypoth-
esis of no autocorrelation, with a few exceptions. Similarly, the ARCH LM statistics
accept the null hypothesis of no remaining ARCH effects in the estimated residuals.
The purported tests fail to reject the hypothesis at the standard levels. In sum, the
results reveal that the marginal models are well fitted by the AR(1)-SPLINE-GJR mod-
els. It is essential to report the well-specified models to make sure that the estimated
copula model suitably obtains the dependence structure of the purported indices.

4.3. Estimation of the Copula models

In estimating the dependence-switching copula model, first, we calculate a number of
single-copula models, namely, the Gaussian copula, student-t copula, and four distinct
forms of the Clayton copula. Table S3 encompasses the parameters estimate of the sin-
gle-copula models. To gauge the functioning of single-copula model, we employed the
log-likelihood value and the AIC & the Bayesian information criteria (BIC) for the
goodness-of-fit test. The results in Table S3 revealed that out of the six unique copulas
covered in the current analysis, the copula parameter (q) estimates are significant in all
the paired stock markets in the case of Gaussian, student-t copula, Clayton (u, v), and
Clayton (1� u, 1� v). However, in the case of the rotated Clayton copula and rotated
survival Clayton copula, the parameter estimates are insignificant for all the paired
stock markets.

Among the six estimated functions, the rotated Clayton copula (half rotated) reveals
the largest LL values in 7 out of 21 paired stock markets, and rotated survival Clayton
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copula (half rotated) exhibits the largest LL values in 14 out of 21 paired stock markets.
The student-t copula delivers the lowest AIC and BIC values in 19 out of 21 paired stock
markets, which is in sync with the findings of Wang et al. (2013). The student-t copula
has an underlying assumption that pertains to symmetrical tail dependence, inferring
uniformity between the stock markets, when the stock markets are together in booming
phase and, likewise, in the bearish phase. However, this assumption may be limited in
the empirical centric case. Therefore, to envelop the asymmetric tail dependence, the cur-
rent study investigates the dependence framework between the paired stock markets
through a dependence-switching copula model identical to that of Wang et al. (2013).

Table 1 reveals the outcomes of dependence-switching copula model for each of the
paired stock market. Results demonstrate that the copula parameter estimates (a1) and
(a2) under distinct regimes are significant for the paired stock markets. Moreover, in
the dependence-switching copula, the estimated LL (AIC and BIC) is larger (smaller) in
comparison with the single-copula models for all the paired stock markets. This sub-
stantiates the applicability of employing the dependence-switching copula model to
inspect the dependence structure among the selected stock markets. P11 and P00 report
high and significant values, thereby revealing that the duration of each regime is long
and a switch between the regimes is not generally identified. A further benefit about
this approach is that it permits analysis of dependence (qi) and tail dependence (ui)
between the paired stock markets in up to four different settings: (a) bear stock markets
associated with bull stock markets; (b) bull stock markets associated with bear stock
markets; (c) bear stock markets linked with bear stock markets; and (d) bull stock mar-
kets linked with bull stock markets. Billio and Pelizzon (2000) highlighted that the value
at risk (VaR) for a portfolio manifests an estimation of a definite probability distribu-
tion percentile of the portfolio change in value over a set investment period. Detection
of significant tail dependence manifests a higher likelihood of extreme events, which
advocates a higher VaR estimation than that implied through bivariate normal distribu-
tion. Therefore, neglecting to study the significance of tail dependence shall lead to the
miscalculation of risk. Thus, accurate tail dependence estimates are pertinent for calcu-
lating VaR and thereby for effective risk management.

A negative correlation regime encompasses of a period where a bull (bear) stock
market synchronizes with a low (high) stock price in other markets. Left tail depend-
ence (u3) signifies the probability of concurrently experiencing huge losses in stock
markets and substantial profits in the other stock markets; the opposite is valid for right
tail dependence (u4). Realizing high values for u3 (u4) shows that the prospect of a
stockholder encountering enormous losses is very high if he or she maintains a long
(short) position in the stock market and a short (long) position in the other stock mar-
ket. Thus, an adequate understanding of tail dependence is of paramount importance
for the portfolio management of a risk-reluctant investor (Susmel, 2001). Panel B of
Table 1 clarifies the negative correlation regime. Results of Panel B reveal that the esti-
mations of left dependence (q3) are significant for 7 out of 21 paired stock markets,
whereas the estimations of left tail dependence (u3) are significant for 6 out of 21 paired
stock markets. Panel B results also show that the estimates of right dependence (q4) are
significant for only 2 of the 21 paired stock markets, whereas the estimates of right tail
dependence (u4) are significant for 3 out of 21 paired stock markets. In the case where
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bear stock markets are synced with bull stock markets, the estimates of the left depend-
ence (q3) ranges from .1309 to .6044 and those of tail dependence (u3) ranges from
.0111 to .3056. Conversely, when bull stock markets are linked with bear stock markets,
the estimates of the right dependence (q4) and tail dependence (u4) ranges from .03026
to .3203 and from .0027 to .2359, respectively.

The pair of South Korea–Brazil (India–Turkey) has the lowest tail dependence when
a bear (bull) stock market is linked with the bull (bear) stock market. A stockholder
possessing a long (short) position in one stock market and a short (long) position in the
other stock market witnesses the least systemic risk for the mentioned markets. For the
positive correlation regime, there are two scenarios. First, a bear stock market coexists
with a low stock price in other market (paired markets are busting). Second, a bull stock
market is commented with a high stock price of other stock market (paired markets are
advancing). Left tail dependence (u1) exhibits the probability of substantial loss (both
the stock markets are busting), and the right tail dependence (u2) shows the probability
of huge gains (both markets are booming). If (u1) or (u2) is high, then a long (short)
position in both markets will experience massive losses (profits).

In the positive correlation regime of Panel, A in Table 1, the estimates of the left
dependence (p1) range from .1309 in China�Brazil pair to .6044 in Brazil�Mexico pair,
and the left tail dependence (u1) vary from .0111 to .3056. The estimates of right depend-
ence (p2) range from �10325.1 to 0.4759, and those of right tail dependence (u2) range
from 0.0027 to 20820.14. The estimates of left dependence (p1) are significant for all the
21 paired stock markets, and the estimates of left tail dependence (u1) are significant for
the eighteen paired stock market. In contrast to the left dependence, the estimates of right
dependence (p2) are significant for all the 21 paired stock markets and those of right tail
dependence (u2) are significant for only 8 paired stock markets. The results demonstrate
that estimates of tail dependence are mostly higher when both the stock market indices
are busting compared with when both the markets are advancing. This signify that the
prospect of experiencing huge losses (gains) concurrently in both markets is mostly exces-
sive (low) for a stockholder with long positions when both the markets are considered.

Through the four extreme returns scenarios, the paired stock indices of South
Korea–Brazil have the lowest tail dependence when both the stock markets are bearish,
and the paired stock indices of China–Brazil have the lowest tail dependence when both
the markets are bullish. This result substantiates that China–Brazil (South Korea–
Brazil) has the lowest systemic risk when both the markets are bullish (bearish); there-
fore, a stockholder taking short or long position in both the markets bears the minimum
systemic risk. Similarly, the paired stock indices of South Korea–Brazil has lowest tail
dependence in the case of bear stock markets being linked with bull stock markets, and
China–Turkey has the lowest tail dependence, in the case of bull stock markets being
linked with bear stock markets. A stockholder taking a long (short) position in the third
case, but a short (long) position in the fourth case, undergoes the minimum systemic
risk for South Korea–Brazil (China–Turkey). In sum, the tail dependences exhibited in
Table 1 are the actual systemic risks ensuing from the different extreme return scen-
arios. These are vital for the risk-averse investors and for proper estimation of VaR.

By linking the survival Clayton and the Clayton copulas, Ning (2010) proposed the
empirical evidence for the symmetric tail dependence when both the stock markets and

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 13



Ta
bl
e
2.

W
al
d
te
st

fo
r
sy
m
m
et
ric

de
pe
nd

en
ce

an
d
sy
m
m
et
ric

ta
il
de
pe
nd

en
ce
.

Sy
m
m
et
ric

de
pe
nd

en
ce

un
de
r
a
ne
ga
tiv
e
co
rr
el
at
io
n
re
gi
m
e
(o
ne

bo
om

in
g
m
ar
ke
t
as
so
ci
at
es

w
ith

th
e
ot
he
r
cr
as
hi
ng

m
ar
ke
t)

Ch
in
a–
In
di
a

Ch
in
a–

In
do

ne
si
a

Ch
in
a–
SK

Ch
in
a–
Tu
rk
ey

Ch
in
a–
Br
az
il

Ch
in
a–
M
ex
ic
o

In
di
a–

In
do

ne
si
a

In
di
a–
SK

In
di
a–
Tu
rk
ey

In
di
a–
Br
az
il

In
di
a–
M
ex
ic
o

W
al
d
te
st

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

q
3
¼
q
4

0.
24
05

0.
62
38

0.
28
85

0.
59
12

4.
76
4

0.
02
91

0.
38
86

0.
53
3

0.
50
84

0.
47
58

0.
11
83

0.
73
09

5.
11
13

0.
02
38

18
.9
25
8

0
2.
54
81

0.
11
04

1.
94
15

0.
16
35

16
.3
17
5

0.
00
01

u
3
¼
u
4

0.
00
06

0.
98

4.
17
54

0.
04
1

0.
41
1

0.
52
15

0.
65
04

0.
42

0.
10
91

0.
74
12

1.
54
01

0.
21
46

0.
13
14

0.
71
7

0.
07
67

0.
78
18

3.
82
38

0.
05
05

1.
18
82

0.
27
57

3.
17
44

0.
07
48

Sy
m
m
et
ric

de
pe
nd

en
ce

un
de
r
a
po

si
tiv
e
co
rr
el
at
io
n
re
gi
m
e
(b
ot
h
m
ar
ke
ts

ar
e
bo

om
in
g
an
d
cr
as
hi
ng

)

W
al
d
te
st

Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e
Te
st

p-
va
lu
e

q
1
¼
q
2

0.
24
25

0.
62
24

0.
29
02

0.
59
01

4.
94
37

0.
02
62

0.
36
91

0.
54
35

0.
47
42

0.
49
11

0.
11
87

0.
73
04

5.
17
93

0.
02
29

18
.9
54
6

0
2.
65
32

0.
10
33

2.
04
92

0.
15
23

32
.5
20
6

0
u
1
¼
u
2

0.
00
06

0.
98
13

0.
42
45

0.
51
47

0.
00
15

0.
96
96

0.
67
25

0.
41
22

0
0.
99
63

0.
00
25

0.
95
98

0.
00
51

0.
94
32

0.
00
3

0.
95
64

0.
35
56

0.
55
1

0.
00
35

0.
95
29

0.
13
76

0.
71
07

(C
on
tin
ue
d)

Sy
m
m
et
ric

de
pe
nd

en
ce

un
de
r
a
ne
ga
tiv
e
co
rr
el
at
io
n
re
gi
m
e
(o
ne

bo
om

in
g
m
ar
ke
t
as
so
ci
at
es

w
ith

th
e
ot
he
r
in

cr
as
hi
ng

)

In
do

ne
si
a–
SK

In
do

ne
si
a–

Tu
rk
ey

In
do

ne
si
a–

Br
az
il

In
do

ne
si
a–

M
ex
ic
o

So
ut
h
Ko
re
a–

Tu
rk
ey

So
ut
h
Ko
re
a–

Br
az
il

So
ut
h
Ko
re
a–

M
ex
ic
o

Tu
rk
ey
–B

ra
zi
l

Tu
rk
ey
–M

ex
ic
o

Br
az
il–
M
ex
ic
o

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

P-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

q
3
¼
q
4

1.
25
34

0.
26
29

0.
08
42

0.
77
17

1.
01
63

1.
01
63

2.
06
15

0.
15
11

7.
52
77

0.
00
61

0.
60
93

0.
43
5

6.
83
37

0.
00
89

16
.1
07
5

0.
00
01

0.
24
95

0.
61
74

15
.9
40
9

0.
00
01

u
3
¼
u
4

3.
13
41

0.
07
67

0.
72
04

0.
39
6

0.
32
67

0.
32
67

0.
03
01

0.
86
23

0.
07
82

0.
77
98

3.
23
24

0.
07
22

0.
00
53

0.
94
2

4.
04
16

0.
04
44

0.
58
95

0.
44
26

�0
.0
20
3

1

Sy
m
m
et
ric

de
pe
nd

en
ce

un
de
r
a
po

si
tiv
e
co
rr
el
at
io
n
re
gi
m
e
(b
ot
h
m
ar
ke
ts

ar
e
bo

om
in
g
an
d
cr
as
hi
ng

)

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

P-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

Te
st

p-
va
lu
e

q
1
¼
q
2

1.
24
29

0.
26
49

0.
08
43

0.
77
16

N
aN

N
aN

2.
26
61

0.
13
22

7.
18
57

0.
00
73

0.
62
16

0.
43
05

8.
29
42

0.
00
4

19
.2
28
5

0
0.
24
69

0.
61
93

15
.4
73
5

0.
00
01

u
1
¼

u
2

0.
01
52

0.
90
2

0.
03
97

0.
84
2

N
aN

N
aN

0
1

0.
02
53

0.
87
35

0.
10
24

0.
74
9

0.
00
07

0.
97
86

0.
01
7

0.
89
63

0.
01
57

0.
90
04

�0
.0
09
2

1

So
ur
ce
:A

ut
ho

r’s
Es
tim

at
io
n.

14 M. Z. REHMAN ET AL.



the foreign exchange markets are busting or advancing. Accordingly, this present study
assesses whether the hypotheses pertaining to symmetric dependence and tail depend-
ence are substantiated by testing the validity of q3 ¼ q4 and u3 ¼ u4, correspondingly,
in the scenario of a negative correlation regime when one booming stock market associ-
ates with a crashing stock market. We employed a Wald test to inspect the symmetric
dependence and symmetric tail dependence among the paired stock markets. The first
panel of Table 2 shows that the hypotheses of q3 ¼ q4 are rejected for 8 out of 21 paired
stock markets, namely, China–South Korea, India–Indonesia, India–South Korea,
India–Mexico, South Korea–Turkey, South Korea–Mexico, Turkey–Brazil, and Brazil–
Mexico at the conventional levels. Meanwhile, the hypotheses of u3 ¼ u4 are rejected
for 6 out of 21 paired stock markets, namely, China–Indonesia, India–Turkey, India–
Mexico, Indonesia–South Korea, South Korea–Brazil, and Turkey–Brazil at the conven-
tional level. The rejection of the hypotheses for eight and six paired stock markets
revealing asymmetry owing to the financial crisis or economic reforms in the respective

Figure 1. Smoothing probability of the positive correlation regime between the paired stock markets.
Source: Calculated by the authors.
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economies. Thus, under the negative correlation regime, symmetric dependence and
symmetric tail dependence occurred in most of the paired stock markets.

Likewise, the current study explores the hypotheses of symmetric dependence and
tail dependence in the scenario of a positive correlation regime by assessing the validity
of q1 ¼ q2 and u1 ¼ u2, (both markets are booming and crashing). From the Table 2,
it is revealed that the hypotheses of q1 ¼ q2 are rejected for 8 out of 21 paired stock
markets, namely, China–South Korea, India–Indonesia, India–South Korea, India–
Mexico, South Korea–Turkey, South Korea–Mexico, Turkey–Brazil, and Brazil–Mexico.
The hypotheses of u1 ¼ u2 are not rejected for all the covered emerging stock markets
at the conventional levels. Accordingly, symmetric dependence occurs in the majority

Figure 2. Smoothing correlation coefficients between the paired stock markets.
Source: Calculated by the authors.
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of paired stock markets, whereas symmetric tail dependence is present in totality for all
the covered markets. The likely rationale for the outcome of symmetrical dependence
and tail dependence may be owning to fast expansion and better macroeconomic condi-
tions and capital market process.

Figure 1 reveals the smoothing probability of the positive correlation regime between
the paired stock markets. From the figure, we can deduce that portfolio rebalancing
dominates in 14 out of 21 cases of stock market. In terms of volatility, Chinese stock
market has evidently more cases of low range of volatility with other selected stock mar-
kets. Likewise, the Indonesian stock market reveals the low range of volatility with the
other stock markets. Moreover, Brazilian stock market reveals more cases of medium
range of volatility with other stock markets. Likewise, the Indian stock market demon-
strates more cases of medium range of volatility with other stock markets. Similar traits
are revealed in the stock markets of Turkey, Mexico, and South Korea. Figure 2 presents
the smoothing correlation coefficients between the paired stock markets.

5. Conclusion and policy implications

The present study employs copula to examine the dependence and tail dependence struc-
ture of the emerging stock markets. Precise tail dependence estimations are necessary for
effective risk management. Failing to investigate the significance of tail dependence will
result in risk underestimation. This study unearths the dependence structure among the
seven emerging stock markets through a dependence-switching copula model by Wang
et al. (2013). The unique attribute of this approach is that it allows investigation of
dependence (qi) and tail dependence (ui) between the paired stock markets in up to four
different settings: (a) bear stock markets associated with bull stock markets; (b) bull stock
markets associated with bear stock markets; (c) bear stock markets associated with bear
stock markets; and (d) bull stock markets associated with bull stock markets.

Estimating the model with daily stock market indices for seven stock markets from
2000 to 2018, this study has uncovered noteworthy insights. The results of the study
reveal varying nature of dependence structure of emerging stock markets. Under the
negative correlation regime, only 8 out of 21 paired stock markets, namely, China - South
Korea, India - Indonesia, India - South Korea, India - Mexico, South Korea -Turkey,
South Korea - Mexico, Turkey - Brazil, and Brazil - Mexico, have asymmetric depend-
ence, and 6 out of 21 paired stock markets, namely, China - Indonesia, India - Turkey,
India -Mexico, Indonesia - South Korea, South Korea - Brazil, and Turkey -Brazil, have
asymmetric tail dependence during the stipulated time period. Thus, dependence and tail
dependence for most of the paired stock market are symmetric in nature during the stipu-
lated period under the negative correlation regime. By contrast, in the positive correlation
regime, 8 out of 21 paired stock markets, namely, China -South Korea, India - Indonesia,
India - South Korea, India -Mexico, South Korea - Turkey, South Korea - Mexico, Turkey
- Brazil, and Brazil -Mexico, are asymmetric in dependence, and all the paired stock mar-
kets are symmetrical in stipulated regime. Accordingly, dependence and tail dependence
for most of the paired stock markets are symmetric in nature under the positive regime.

Our findings revealed pertinent implications from the perspective of asset pricing
and risk management. Although the emerging stock markets are deemed by the
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global investors to be a homogenous class, these stock markets manifest varied degree
of traits. Henceforth, from a portfolio diversification perspective, the global investors
can exploit the diversification opportunities offered by the selected stock markets. As
a result, asset allocation that considers this varying dependence structure may con-
tribute to portfolio returns that are optimal.

In terms of risk prediction and portfolio management, our findings have significant
implications for financial investors and risk managers. Our results of upside and down-
side risk, in particular, can facilitate the creation of asymmetrical investment strategies.
Policymakers, market participants, and international investors will be interested in these
findings. Policymakers should develop a roadmap to decipher the effects of any risk on
the selected emerging stock markets. Market players and international investors should
account for the extreme market conditions in their models when making portfolio man-
agement decisions. Further, the authorities should examine the amount of financial
cooperation they want to pursue, spanning from harmonization of laws and regulations,
covering collaboration to offering of convenient access to the selected emerging markets.
Furthermore, we urge that future work use a dependence-switching copula model on vari-
ous time scales to comprehend the dependence between these emerging stock markets.

Notes

1. We have E7 economies in the current study, while Russia is part of E7 economies but on
account of convergence issues in Russian data, we have excluded it. Further we have included
South Korea on account of substantial weight in the MSCI Emerging Markets Index.

2. Kumar et al. (2019) covered on BRICS foreign exchange and exchange market, while this
paper is on Stock Market dependence of (E7) Emerging seven economies.

3. Wang et al. (2018) proposed that the Gumbel copula could be a reliable substitute even though
fails to sync rightly in accordance to model selection criteria like the Akaike information criteria.
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