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Abstract

This paper aims to analyze the contagion effect among the stock markets of 
the BRIC+M block (Brazil, Russia, India, China plus Mexico). The depen-
dence is estimated through a dynamic bivariate copula approach over the 
period july, 1997 – december, 2015. Once the dependence is estimated, uni-
variate (MS-AR) is used to determine whether dynamic dependence evolves 
according to different regimes: a low dependence regime and a high depen-
dence regime. The high dependence regime indicates contagion effect. Em-
pirical results show strong evidence of time-varying dependence among the 
BRIC+M markets and an increasing dependence relation, above all, during 
financial crisis episodes.
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Resumen

La presente investigación analiza el efecto contagio entre los mercados de ca-
pitales del bloque  BRIC+M (Brasil, Rusia, India, China y México). Para lograr 
dicho objetivo se estima la dependencia dinámica a través de cópulas biva-
riadas durante el periodo julio 1997 – diciembre 2015. Una vez que se esti-
ma la dependencia dinámica, se complementa el análisis con el modelo Auto 
Regresivo con cambio de Régimen Markoviano (MS-AR) para determinar si 
la dependencia entre los mercados de valores evoluciona de acuerdo a dos 
regímenes: régimen de alta dependencia y régimen de baja dependencia, aso-
ciando los periodos de alta dependencia con el fenómeno de contagio bursátil. 
Los resultados señalan que la relación de dependencia entre los mercados de 
valores del bloque BRIC+M cambia a través del tiempo y que se hace mayor a 
partir de la crisis financiera global.

Palabras clave: estimación con cópula; modelo auto regresivo con cambio de 
régimen; BRIC; México; mercados de capital.
Clasificación JEL: G15; C58; D53.

1. Introduction

Since 2008 crisis, financial contagion has triggered severe domestic fiscal, financial 
and external imbalances in developed and emerging countries. These effects have 
impacted financial decisions related to risk management, asset allocation and in-
vestment strategies. In this sense, it is of outmost importance to analyze contagion 
in order to shed some light and increase the understanding about this phenomena. 

Stock markets are a key financing source and allow to increase the investment, 
promoting economic growth. Capital markets keep deep relations with other mar-
kets, influencing the price level of commodities, currency and oil, to mention some 
of them. Because of the relevance of these markets, above all in emerging countries, 
it is important to study their behavior and the relationships among them.

Based on the previous mentioned, this paper investigates the contagion effect 
in the stock markets of the BRIC+M block. It presents how the degree of bilateral 
association between BRIC+M1 stock markets changes over the period 1997-2015. 

1 South Africa is not considered in this research because it officially joined to BRICS in 2011 and its econo-
mic weight is very low, only represents three percent for total GDP share of the group.

Efecto contagio en el bloque BRIC+M: 
estimación vía MS-Cópula
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Contagion effect is defined as a significant increase in market co-movement 
after a shock to one country (Forbes and Rigobon, 2002); previous research 
suggests contagion occurred during recent crises: Asian crisis, Russian, dot.com 
crisis, subprime crisis, sovereign debt crisis and global financial crisis. 

Empirical research around BRIC´s markets are widespread;  among these 
studies stand out those by Bekaert, Ehrmann and Fratzcher (2014) who pre-
sent evidence about contagion from the US and the global financial sector. 
Dimitriou, Kenourgios and Simos (2013) study the linkages between the US 
market and BRICSs´ markets; their results show contagion effect for some of 
the BRICSs´ markets in 2009. Jin and an (2016) findings identify a significant 
contagion effect from the US to the BRICSs´ stock markets in the context of the 
2007-2009 global financial crisis.

In this paper the dynamic linkages between BRIC+M stock markets are 
analyzed by using bivariate copula approach. Markov Regime Switching Au-
toregressive (MS-AR) is employed to determine whether dynamic dependen-
ce evolves according two different regimes: a low dependence regime and a 
high dependence regime. The presence of high dependence regime indicates 
contagion effect. 

The main contribution of this paper is presenting a relatively innovative 
approach for the analysis of dependence in order to further on the understan-
ding concerning dynamic dependence patterns in five of the most important 
emerging markets. Information about the relationship between stock markets 
is important to fund managers, traders and economic authorities to formulate 
portfolio decisions and economic policies.

The paper is organized as follows. The second section reviews previous 
literature, the third section presents the data and methodology, section 4 exa-
mines the empirical evidence, and finally, section 5 concludes the paper.

2. Literature review

The Global Financial Crisis (GFC)2 has been one of the most damaging econo-
mic phenomena in the whole history, only comparable with the Great Depres-
sion of 1929. During crisis episodes, changes in stock market linkages are of 
outmost importance to assess adjustments needed concerning asset allocation 
and risk management, not only for practitioners and policymakers but also 

2 There is no consensus about the global financial crisis period and duration. In this paper, the global 
financial crisis immediate effects period comprehends from 2007 to 2012: 2007-2010 subprime crisis, 2011- 
2012 sovereign debt crisis. However, during 2013-2014 stock markets presented global financial crisis 
remaining effects.



Miriam Sosa, Christian Bucio, Alejandra Cabello

34

for academics. Because of that, empirical and theoretical literature about con-
tagion and on the channels of contagion has been widely studied. 

It is important to point out that, emerging markets have aroused interest of 
investors and risk managers because portfolio investments in these countries 
are more profitable and volatile than developed markets. In consequence, ex-
tensive literature has been developed around emerging markets, particularly; 
research dealing with the BRIC countries has been rapidly increasing. Most 
studies have emphasized either their interdependence (Patel, 2019; Verma & 
Rani, 2016; Singh & Kaur, 2014; Mostafa & Stavroyiannis, 2016) or else about 
their increased dependence with other markets (Kocaarslan, Soytas, Sari & 
Ugurlu, 2018; Bergmann, Securato, Savoia & Contani, 2015; Chittedi, 2014; 
Bianconi, Yoshino & De Sousa, 2013). 

Among closely related literature stands out Kenourgios, Samitas & Paltali-
dis (2011) who analyze contagion effect in the BRIC block, the US and the U. 
K. using multivariate copula regime-switching model to capture non-linear 
relationships during the Asian, Russian, Tech bust and Brazilian financial cri-
sis. Their results contribute to the evidence about an asymmetric increase in 
dependence among stock markets during all five crises. However, they esti-
mate copula parameters on a static basis, for certain periods, but not over the 
whole period, as it is estimated in this study.

Likewise, Zouhair, Lanouar & Ajmi (2014) investigate stock market co-
movements and financial contagion in the BRIC block and the US. during 
the subprime financial crisis, using a class of Markov-switching models to 
distinguish among periods of high, medium, and low volatility. Their results 
reveal the presence of high degree of interdependence between the US and 
the BRIC countries, particularly in high volatility periods. Zouhair et. al (2014) 
apply a different approach to analyze interdependence, only over the subprime 
crisis period.

This paper contributes to the empirical literature on modeling co-move-
ment in financial markets by considering the case of Brazil, Russia, India, 
China and Mexico (BRIC+M block, hereafter). Its aim is analyzing the time-
varying behavior (dynamic dependence) between those stock markets, using 
copula with a rolling window estimation. Moreover, Markov Regime Swit-
ching Autoregressive (MS-AR) is applied to identify whether or not dynamic 
dependence evolves according to different regimes (high and low dependen-
ce regimes) to prove contagion effect, during the Asian, Russian, dot.com, 
Brazilian, subprime, sovereign debt and global financial crises.

The new methodology employed here also measures dependence between stock 
markets during crisis periods. However, this approach is based on dynamic copula 
functions with Markov switching models. These functions provide an interesting 
tool to model nonlinear dependence, when normality and symmetry do not hold.
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3. Data and methodology

As previously mentioned, to test contagion effect among the BRIC+M stock 
markets, data includes daily prices of the BRIC+M stock indexes in US dollars, 
that is, IBOVESPA (Brazil), RTS (Russia), BSE SENSEX (India), HANG SENG 
(China) and IPC (Mexico) from July 1997 to December 2015. Stock market se-
ries were obtained from yahoo finance and exchange rate series from Oanda 
web site. 

Following closely a previous paper by Sosa, Bucio and Cabello (2015), Co-
pula approach applies rolling window estimation. Although there exist a good 
number of copula families, the family of Archimedean copula were chosen 
for this paper due to its benefits. Archimedean copulas allow modeling de-
pendence in arbitrarily high dimensions with only one parameter, governing 
the strength of dependence (Grover, 2015). Among the Archimedean copulas, 
Clayton copula is estimated because it is adequate to describe negative skewness 
which is an important feature of stock markets return series (Nelsen, 1999).

3.1. Archimedean copulas

The bivariate distribution from the Archimedean copulas family is represen-
ted as:

		  𝐶𝐶𝑎𝑎(𝑢𝑢1,𝑢𝑢2) = ∅𝑎𝑎−1[∅𝑎𝑎(𝑢𝑢1) + ∅𝑎𝑎(𝑢𝑢2)], 0 ≤ 𝑢𝑢1,𝑢𝑢2 ≤ 1 		  (1)

where ϕα is convex and decreasing such as ϕα ≥ 0. This function: ϕα offers the 
copula Cα and the opposite 𝜙𝜙𝛼𝛼−1  generator is the Laplace’s transformed from 
an unrealized variable denoted as γ, and that induces α dependence. Through 
this the selection of a generative process result different copulas from the 
Archimedean family. Three copulas from the Archimedean family are well 
known: The Clayton copula, the Gumbel copula and Frank copula.

3.2. Dependence measurements via copulas

Each of the multiple families of copulas are characterized by a parameter or 
a parameter vector. These parameters measure the dependence of marginals, 
and they are called dependence parameters θ. Here is important to note that 
the relation between this dependence parameter and Kendal’s Tau concor-
dance measure is as follows.

Let X1 and X2 two random variables with marginal continuous distribution 
F1 and F2 and coordinated distribution function F. The typical concept of de-
pendence, τ Kendall can be expressed in terms of copula for F.
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Kendall correlation is given by:

			   𝜏𝜏�𝑋𝑋1 ,𝑋𝑋2� = 4�𝐶𝐶
1

0

(𝑢𝑢1,𝑢𝑢2)𝑑𝑑𝑑𝑑(𝑢𝑢1,𝑢𝑢2) − 1 			   (2)

It can be observed that the τ Kendall is functioning with the copulas X1 and X2. 
In the case of the analyzed copulas in this work, that is Archimedean copulas, 
there is a relation between rank correlations and lineal correlations. This work 
is focused especially on the relation with the τ Kendall.

To sum up, if (X1 , X2 ) have an elliptical or Archimedean bivariate copula 
and random continuous marginal, the τ Kendall is: 

				    𝜏𝜏= (α − 1) (α + 1)⁄  				    (3)

3.3. Clayton copula

The bivariate copula from the Clayton family is:

			   𝐶𝐶𝑎𝑎(𝑢𝑢1,𝑢𝑢2) = {𝑢𝑢1
1−𝑎𝑎 + 𝑢𝑢2

1−𝑎𝑎 − 1} ,𝑎𝑎 > 11/(1−𝑎𝑎)  		  (4)

With generative 𝜙𝜙𝛼𝛼(t) = 𝑡𝑡1−𝛼𝛼 − 1 , and transformed from Laplace’s: 
𝜙𝜙𝛼𝛼−1(𝑠𝑠) = (1 + 𝑠𝑠)1 (1−𝛼𝛼)⁄   .

Copula parameters estimation

There are several methodologies for estimating the parameters associated 
with copula. This work employs maximum likelihood. This mechanism can 
be applied to estimate any copula family because the estimation of copula 
parameters can be obtained by maximizing its log-likelihood function, as ex-
plained below:

Let C be a copula, such that,

			   𝐹𝐹(𝑥𝑥1, … , 𝑥𝑥𝑛𝑛) = 𝐶𝐶�𝐹𝐹1(𝑥𝑥1), … ,𝐹𝐹𝑛𝑛(𝑥𝑥𝑛𝑛)� 			   (5)

with density function,

		  𝑓𝑓(𝑥𝑥1, … , 𝑥𝑥𝑛𝑛) = 𝑐𝑐�𝐹𝐹1(𝑥𝑥1), … ,𝐹𝐹𝑛𝑛(𝑥𝑥𝑛𝑛)� ∙�𝑓𝑓𝑗𝑗 �𝑥𝑥𝑗𝑗 �
𝑛𝑛

𝑗𝑗=1

   			   (6)

Therefore, the maximum likelihood estimation mechanism can be defined as:
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Let X a r.v.i.i.d. vector with multivariate distribution function F and continuous 
marginal distribution function F1,…, Fn ; the log-likelihood function is defined as:

		  𝑙𝑙(𝜃𝜃) = � ln 𝑐𝑐 �𝐹𝐹1�𝑥𝑥𝑗𝑗 ,1�, … ,𝐹𝐹𝑛𝑛�𝑥𝑥𝑗𝑗 ,𝑛𝑛��
𝑛𝑛

𝑗𝑗=1

+ �� ln𝑓𝑓𝑖𝑖(𝑥𝑥𝑗𝑗 ,𝑖𝑖)
𝑑𝑑

𝑖𝑖=1

𝑛𝑛

𝑗𝑗=1

 		  (7)

where θ are the parameters set for both marginal and copula. Thus, given 
the marginal set and a copula; the log-likelihood function can be maximized 
obtaining the maximum likelihood estimator,

				    𝜃𝜃�𝑀𝑀𝑀𝑀𝑀𝑀 = max
𝜃𝜃∈Θ

𝑙𝑙(𝜃𝜃) 				    (8)
MS-AR Model

Once dynamic dependence between stock markets returns is estimated, time 
varying dependence series are modeled, using a regime switching approach, 
to prove if stock markets dependence evolves according to two different re-
gimes (high and low). This analysis allows to confirm contagion effect, above 
all, during the GFC period. 

A time-series variable yt can be modeled by a Markov switching autore-
gressive of order p (MS-AR), with regime shifts in mean and variance. It is 
represented as follows (Hamilton, 1989).

		  𝑦𝑦𝑡𝑡 = 𝜇𝜇(𝑠𝑠𝑡𝑡) + ��∅𝑖𝑖

𝑝𝑝

𝑖𝑖=1

�𝑦𝑦𝑡𝑡−1 − 𝜇𝜇(𝑠𝑠𝑡𝑡)�� + 𝜎𝜎(𝑠𝑠𝑡𝑡)𝜀𝜀𝑡𝑡  		                 (9)

Where ∅i are the autoregressive coefficients µ and σ are the mean and stan-
dard deviation depending on the regime st at the time t. yt represents the stock 
market returns of the BRIC+M countries. This MS-AR model detects potential 
regime shifts in the stock market returns and enables to estimate the impact of 
crises on the stock market dependence (Chkili and Nguyen, 2014).

The MS-AR model provides an accurate estimation of the potential regime 
shifts in the stock returns dependence, above all during the turbulent period 
analyzed in this study. The inclusion of structural breaks in the financial time-
series analysis is crucial to avoid mistaken conclusions related to the dynamic 
behavior of stock markets and relationships between them.

4. Empirical evidence

As previously stated, empirical analysis employs the representative stock in-
dexes from BRIC+M stock markets on a daily basis: IBOVESPA (Brazil), RTS 
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(Russia), BSE SENSEX (India), HANG SENG (China) and IPC (Mexico) from 
july 1997 to december 2015. To have a similar sample given the dissimilar calen-
dar of these markets, the data sets were accordingly homogenized considering 
only common trading days. Also given the importance of international portfo-
lio investment, indices were homogenized into a single currency, the US dollar.

Figure 1 shows the behavior of the equity markets from Brazil, Russia, In-
dia, China and Mexico. Figure 1 allows us to observe the historical levels and 
returns of the stock indexes of the countries under study. Returns are charac-
terized by higher changes (increasing volatility) and volatility clusters, during 
the crisis periods (1997-1998, 2001 and 2007-2012) compared to the stability 
periods. Besides, the series show signals about the presence of heteroscedasti-
city presence and an unforeseeable behavior, particularly no Gaussian. 

Series in levels shows that stock indexes retained an upward trend until 
the second quarter of 2008, reaching a particularly low level during the first 
quarter of 2009, when the trend was reversed. It is important to note that the 
Russian and Brazilian markets exhibited a negative performance since the last 
quarter of 2011 and over the rest of the sample period.

Figure 1
Stock indexes from Brazil, Russia, India, China and Mexico (levels and returns)

Source: own elaboration based on Yahoo Finance and Oanda data
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Descriptive statistics of BRIC+M countries equity markets are presented in 
table 1. Standard deviation, mean, kurtosis, skewness and Jarque Bera mea-
sures are included. It can be observed that the Russian market has the highest 
volatility, measured by the standard deviation, compared to markets from the 
rest of the sample. The average return of the major part of the sample is very 
low and positive, except for the Russian and Brazilian markets.

The distribution of returns is negatively skewed, except for the Chinese 
market that is positively skewed, indicating the presence of asymmetry. This 
fact reinforces the afore mentioned use of the Clayton copula. The values 
concerning kurtosis suggest that the distribution is leptokurtic, with a high 
concentration on the central values  (higher peak) and the presence of heavy 
tails. Finally, the probabilities of Jarque-Bera testing reported in Table 1 fa-
vors rejecting of the hypothesis of a normal distribution at the 1% level. Thus, 
analysis performed under the assumption of normality lack appropriate sup-
port; it leads to spurious results. Therefore, the methodology proposed in this 
paper is copula theory which as previously explained yields more consistent 
estimates about the behavior of financial series.

Considering the nonlinearity of returns a mechanism that optimizes dis-
similar situations of linearity and non-linearity becomes necessary. Copula 
methodology helps abating such mishaps generating unbiased estimates. Per-
tinent to this study are Archimedean copulas which comprehend the non-
linearity and asymmetry study.

4.1. Copula results

To confirm the importance and magnitude of the relationship among the BRIC+M 
share markets, figure 2 shows the results obtained using Archimedean copula, 
particularly Clayton. It is important to point out that, dynamic copula estima-
tes are obtained applying rolling windows of 251 days, which corresponds to 

Table 1
Descriptive Statistics

  Mean Std. Dev.  Skewness  Kurtosis Jarque-Bera  Probability
BSE  0.000295 0.018117 -0.115297   9.272147 6636.079 (0.00)*
HANG SENG  0.000148 0.017513  0.087517   8.314804 4763.627 (0.00)
IBOVESPA -2.37E-06 0.025575 -0.238078   8.837966 5779.566 (0.00)
IPC  0.000355 0.018249 -0.292115 11.70325   12817.65 (0.00)

RTS -0.000494 0.035362 -2.799855 55.49752 469551.7 (0.00)

*Values within parentheses indicate probabilities
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a full one-year stock market cycle. Copula approach is preferred over linear 
methods because its goodness of fit. Besides, related studies have proved that 
linear correlation overestimates relationships among markets (Sosa, Bucio & 
Cabello, 2015; Ortiz, Bucio & Cabello, 2016). 

Figure 2 illustrates dynamic dependence estimation employing Clayton co-
pula. It can be observed that there is a time varying dependence over the period 
under study. Dynamic copula dependence fluctuates at levels below 0.2 during 
the decade of the 1990’s. It is in 2008 when the GFC effects impact dependence 
among stock markets and increases to 0.4, taking values above 0.45 in the case 
of Brazil-Mexico and China-India dependence. This suggests that there is not an 
interdependence phenomenon among capital markets of BRIC+M, but contagion 
effect, cannot be discarded since there are episodes of high and low dependence. 
This evidence is enhanced with the Markov Regime Switching Model results.

Figure 2 shows that the highest dependence relation is sustained by Brazil- Mexi-
co (0.36 average) follows by China-India (0.26 average). The stock markets with the 
lowest dependence relation are India-Brazil and India-Mexico. It can be explained 
by geographic location and trade and financial relations among those countries.

Figure 2 
Rolling window 251- days archimedean copula (kendall tau)
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Table 2 shows the average dependence during calm and crisis periods, it is 
important to point out that, although the dependence levels among BRIC+M 
markets are low, it can be observed important relative changes during crisis 
periods in relation with stability periods. The Global Financial Crisis (GFC) 
effects stand out because dependence increased in 70%, during the GFC period 
in relation to the four previous years. After the GFC period, the dependen-
ce measure diminishes slowly. This suggests that contagion among BRIC+M 
markets occurred during the GFC, but not over previous crisis episodes.

5.2. MS-AR Results

As Hamilton (2005) points out, financial time series occasionally exhibit dra-
matic breaks in their behavior, associated with events such as financial crises. 
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Conclusión. Figure 2 
Rolling window 251- days archimedean copula (kendall tau)

Table 2
Average dependence during stability and crisis periods 

among BRIC+M stock markets

Source: own elaboration based on the empirical evidene. *GFC global financial crisis (immediate effects). ** 
From march 11, 2000 to december 31 2001. Kendall is the archimedean copula parameter.

Kendall 

Assian Russian 
Crisis 

(1997-1998)

Stability period 
(1999-march 

2000)

Dot.com 
crisis** 

(2000-2001)

Stability 
period 

(2002-2006)

GFC* 
(2007-2012)

Stability 
(2013-2015)

0.162328 0.138229 0.165455 0.166061 0.285469 0.230646
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Markov regime switching model is suitable to estimate how abrupt changes 
in the international financial scenario affect asset prices (Ang and Bekaert, 
2002; Garcia, Luger, and Renault, 2003; Dai, Singleton, and Wei, 2003). In this 
sense, abrupt positive changes in markets correlation are identified as conta-
gion effect (Bekaert, Ehrmann, Fratzcher & Mehl, 2014; Dimitriou, Kenourgios 
& Simos, 2013; Hemche,  Jawadi, Maliki, & Cheffou, 2016). 

Following the previous idea, to confirm contagion effect among BRIC+M 
block during the period (1997-2015), particularly the GFC impact, MS-AR model 
is used to analyze whether stock markets dependence (non-linear correlation) 
evolves according to two different regimes: a low dependence regime and a high 
dependence regime. High dependence regime indicates contagion effect periods.

To begin with, the condition of stationarity is checked applying the ADF 
test. Results suggest that the null hypothesis about the presence of a unit root is 
rejected; values of dynamic dependence are greater than the critical MacKinnon 
value at a 1% level. Therefore, it is confirmed that the series are stationary.

5.3. Testing for volatility regime switch behavior

In order to confirm that BRIC+M stock markets dependence presents regi-
me-switching behavior, the log likelihood test (LR) is employed to test the 
null hypothesis of homoscedasticity, that means that a linear model could be 
more suitable, against the alternative hypothesis of regime switching model 
(MS-AR) reproduces better the stock markets behavior (Garcia and Perron, 
1996). This test is estimated as follows

				    𝐿𝐿𝐿𝐿 = 2 × |ln 𝐿𝐿𝑀𝑀𝑀𝑀−𝐴𝐴𝐴𝐴 − 𝑙𝑙𝑙𝑙𝐿𝐿𝐴𝐴𝐴𝐴 | 

where lnL is the log likelihood of the contrasting models. The best-fitted mo-
del is selected through Davies (1987) critical values. This test has been used in 
several studies (Kanas, 2005; Wang and Theobald, 2008; Chkili and Nguyen, 
2014) to prove that other emerging markets exhibit a time-varying behavior, 
which responds to local circumstances and to the effects of crises transmission. 

Table 3
Unit root test (ADF)

Reported values are statistical significance levels of * 1%

T- statistic

Brazil-
Russia

Brazil-
India

Brazil-
China

Brazil-
Mexico

Russia-
India

Russia-
China

Russia-
Mexico

India-
China

India-
Mexico

China-
Mexico

-0.99* -1.45* -1.90* -1.43* -1.41* -1.57* -1.27* -1.30* -1.38* -2.62*
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To reinforce the tests results, the Akaike Information Criteria (AIC) is also 
introduced. Table 4 shows the results of both tests.

Table 4 indicates that the log-likelihood value of the MS-AR is significantly 
higher than the linear AR model in all the markets. The rejection of the null of 
no-volatility regime switch is equivalent to the rejection of the AR in favor of 
the alternative MS-AR model. The Akaike Information Criterion (AIC) endor-
ses this results, thus it is also in favor of the MS-AR model in all cases.

5.3. MS-AR Results

Once proved that stock markets dependence evolves according to regime-swit-
ching behavior, the MS-AR models are estimated; their results are described 
in table 5. Standard deviations (σ1

2 and σ2
2) are statistically significant at 1% 

and their values suggest the presence of two regimes. The first regime is a low 
dependence level while the second regime presents a high dependence level. 
Russia-Mexico and Russia-China are the markets who exhibit the highest de-
pendence level in the low dependence regime and India-China and Brazil-
India present the highest dependence in the high dependence regime. 

Table 5 also presents the probability of being in each regime. As it was 
expected, the probability to be in a high dependence regime (P22) is lower 
than the probability to be in the low dependence regime (P11), in all cases. 
This evidences that the low dependence regime is more persistent than the 

Reported values are statistical significance levels of * 1%.

Table 4
LR and AIC tests statistics results

 LnL(AR) LnL(MS-AR) LR AIC (AR) AIC(MS-AR)
Brazil-Russia 16007.83 16635.52 1255.38 -8.44 -8.77
Brazil-India 15882.61 16598.28 1431.34 -8.38 -8.75
Brazil-China 15862.48 16508.81 1292.66 -8.37 -8.70
Brazil-Mexico 16138.78 16788.77 1299.98 -8.51 -8.85
Russia-India 15930.09 16559.66 1259.14 -8.40 -8.73
Russia-China 15941.87 16565.45 1247.16 -8.41 -8.73
Russia-Mexico 15945.39 16541.07 1191.36 -8.41 -8.72
India-China 15938.97 16632.71 1387.48 -8.41 -8.77
India-Mexico 15849.81 16582.50 1465.38 -8.36 -8.74
China-Mexico 15888.81 16553.80 1329.98 -8.38 -8.73



Miriam Sosa, Christian Bucio, Alejandra Cabello

44

high dependence regime. The relationship between India and Mexico´s equi-
ty market is the linkage with the highest level of persistence in both low (0.87) 
and high dependence regime (0.59) followed by Russia-Mexico (P11=0.87, P22= 
0.55) and Brazil-India (P11=0.86, P22= 0.52).

Evidence on the average duration for each regime (d1 and d2) confirm the 
presence of two regimes. The average duration of the high dependence regi-
me (d2) between Brazil and Russia markets is 2.4 days, for Brazil-India 2.06 
days, Brazil-China 1.82 days, Brazil-Mexico 1.87 days, Russia-India 1.96 days, 
Russia-China 1.98 days, Russia-Mexico 2.22 days, India- China 1.4 days, In-
dia-Mexico 2.45 days, China-Mexico 1.8 days. In contrast, the average dura-
tion of the low dependence regime (d1) between Brazil and Russia markets 
is 6.5 days, for Brazil-India 7.3 days, Brazil-China 6.3 days, Brazil-Mexico 6.1 
days, Russia-India 6 days, Russia-China 5.5 days, Russia-Mexico 7.6 days, In-
dia- China 5.4 days, India-Mexico 7.6 days, China-Mexico 6.3 days.
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5.3. Graphic Analysis: Smooth Probabilities

Regime switching approach offers additional information through a graphic 
resource about what regime market is in a specific date t based on observation 
obtained through a later date T. These are referred to as “smoothed” probabi-
lities; according to Hamilton (2005) is an efficient algorithm for whose calcu-
lation was developed by Kim (1994).

Figure 3
Smooth Probabilities Regime 2
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Figure 3 presents the smooth probabilities of being in regime 2 (high 
dependence regime). In this study, it is used as a graphic test to identify 
contagion periods between stock markets. It allows to compliment the copula 
analysis, reinforcing contagion study. The smooth probability of being in the high 
dependence regime (S(P2)) indicates the presence of several common high depen-
dence episodes, stands out some periods: 1998-1999 (Russian crisis), 2002-2003 
(Brazilian and dot com crisis secondary effects), 2008-2009 (subprime crisis), 2011-
2012 (sovereign debt crisis) and 2013-2014 (global financial crisis residual effects). 

Source: own elaboration with copula series estimated.

Conclusión. Figure 3
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Smooth probabilities analysis contributes with important evidence about 
the contagion effect among the BRIC+M stock markets, above all, during the 
global financial crisis period.

6. Conclusion

In recent years, important financial phenomena have motivated theoretical 
and empirical research about contagion effect. This paper analyzed dyna-
mic linkages across daily national stock indices of five of the most important 
emerging countries, the BRIC block and Mexico, over the period 1997-2015.

In this sense, a new approach is proposed using a non-linear and asymme-
tric framework. Empirical analysis includes: 

i) a dynamic bivariate copula approach to estimate the time-varying depen-
dence and 

ii) Markov Regime Switching Autoregressive (MS-AR) model which is used 
to determine whether dynamic dependence evolves according to diffe-
rent regimes: a low dependence regime and a high dependence regime. 

The empirical findings yield evidence about contagion effect during crisis 
episodes, above all, during the subprime, sovereign debt and global financial 
crises. Dynamic dependence indicates that there is not an interdependence phe-
nomenon, but there is a contagion effect among BRIC+M block. In general, both 
methodologies are complementary and enhance the robustness of results.

Findings have important implications to investors, risk managers and po-
licy makers and suggest that new strategies should be taken since internatio-
nal diversification seems not to work in practice, at least, not during turmoil 
periods. Further research may be developed on other emerging markets (La-
tin American, Asian and Arabian) to contrast results and contributing with 
further evidence about the financial contagion phenomena. In the same way, 
new research may also apply this methodology on other financial markets 
(commodities, debt, foreign exchange and equity markets). 
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