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Abstract: This paper studies the dependence in Mexican and Brazilian financial
markets trough a method that has proved to obtain better results —along with
the characterization of non-linearity and asymptotic dependence— than the use
of simple correlation analysis: the copula approach.
Using weekly returns of the ipyc and ibov from January 1975 to November
2010 we compared the results of numerical methods that solved for the Kendall’s
tau in three types of copulas: the two-dimensional Gaussian copula, the bivariate
Gumbel copula, and the bivariate Clayton copula. Also, we used different study
periods in order to find evidence of changing dependence structures during financial turmoils, like the one that occurred in 2008. This paper points out that the
dependence structure between the above mentioned markets strengthened after
the financial crisis of 2008.
Keywords: financial crises, dependence, copulas.
Medición de la dependencia en tiempos de crisis financiera:
Un enfoque de cópula para México y Brasil
Resumen: Este trabajo estudia la dependencia de los mercados financieros de
México y Brasil a través de un método que ha demostrado mejores resultados,
junto con la caracterización de la no linealidad y la dependencia asintótica, que el
uso de análisis de correlación simple: el enfoque de la cópula.
Mediante la utilización de rendimientos semanales del ipyc y del ibov desde
enero de 1975 hasta noviembre de 2010 se compararon los resultados de los métodos numéricos que calculan la Tau de Kendall en tres tipos de cópulas: las cópulas
bidimensionales Gaussiana, de Gumbel y de Clayton. Además, se emplearon diferentes periodos de estudio con el fin de encontrar evidencias de cambios en las estructuras de dependencia durante las crisis financieras, como la que se presentó
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en 2008. Este documento señala que la estructura de dependencia entre los mercados de referencia se fortaleció después de la crisis financiera de 2008.
Palabras clave: crisis financieras, dependencia, cópulas.
jel classification: G1, F3.

Introduction

T

he 2008 financial crisis in the United States, along with its implications in the international financial markets, posed again as a main
concern, particularly in risk management and asset allocation, if financial
markets become more connected or interdependent during financial crises. Economists and financial markets analysts have been busy producing
research on this matter, particularly in crisis periods such as the Mexican
devaluation (Tequila crisis 1994-95), the Asian flu (1997) and the Russian
default (1998). The reason behind this is that non-tranquil periods arise
the interest to study in which extent financial markets are connected and,
moreover, which type of connection is presented: whether contagion or
dependence between them. The debate around the definition of true contagion is described by Calvo and Reinhart (1996), and later developed by
Kaminsky and Reinhart (2000). They affirm that it is presented when
common shocks and different channels of interconnection are either not
present or have been controlled. As noted by Chan-Lau, Mathieson and
Yao (2004), most of the research done in connection with this matter interprets contagion as the transmission mechanism in which an upward
change in price co-movements is presented between financial markets.
However, we need to note that this effect is neither a necessary nor sufficient condition to identify contagion, as it does not automatically imply a
structural change in the data generating process (dgp).
Longin and Solnik (2001) emphasized the definition of contagion and
conclude that the interactions noticed in the international correlations
are stronger during high volatile periods. The common approach to these
studies is to condition the estimation of the correlation to the observed
returns of markets, and then conclude whether the relationship strengthens or not. However, this requires a method that carefully approaches the
complex characteristics of the correlation function; if not, misleading conclusions might be reached, as established by Forbes and Rigobon (2002),
especially when referring to a model based on the conditional correlation
coefficient. That is, even if two markets show co-movement during stability periods, and it strengthens after the presence of a shock, it might not
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directly constitute a contagion effect. To show the latter, they apply an adjustment for heteroskedasticity and reversed the conclusion of an existing
contagion effect. They noted that there is no universally accepted definition
to true contagion due to a debate between two possibilities: whether it refers to modifications of cross-market relationships or not. Instead, they
propose an interdependence focus in which market correlation suggests
linkages between two economies rather than a significant increase in
cross-market associations after a shock. Moreover, as noted by Costinot,
Roncalli and Teiletche (2000), the dependence structure among financial
markets, particularly on crisis periods, was better modeled through the
utilization of copulas instead of a simple correlation analysis. It responds to
the extreme dependence observed between international equity markets.
Roll (1992) suggests that the equity index behavior is affected by two
factors: technical elements of the used method to construct and compose
the index, and the role of the exchange rates involved. He also affirms
that, when returns of indices are expressed in local currency, part of its
volatility is induced by monetary phenomena such as changes in the inflation rates. Latin American crises are characterized by strong devaluation
processes, as shown in those that took place in 1994 and 2001. This raises
the need of an approach that includes this factor in its model when studying Latin American stock markets.
Taking into account the conclusions reached on this matter, we decided
to work with a co-movement approach of the indices instead of using a
contagion study; we also applied a non-simple correlation analysis: the
copula approach. Copulas are very useful in understanding dependence at
a deeper level, because they are invariant to strictly increasing transformations of random variables. Furthermore, they are built upon alternative measures rather than a simple correlation study, which allows us to
develop a separate modeling of the dependence between random variables
and their marginals. As pointed out by Chollete, Heinen and Valdesogo
(2009), copulas are very helpful when dealing with financial information
because they allow tail dependence. Another benefit is that the adaptation
of Monte Carlo processes, in order to perform the simulations required by
the technique, can be done relatively easy.
Canela and Pedreira (2012), Rodriguez (2007) and Okimoto (2008) did
similar inquiries; however, they did not include the crisis of 2008. Our objective is to verify, in the case of Mexico and Brazil, the conclusions presented by the referred researches. During the Asian crisis Rodriguez employed daily returns on stock indices from Thailand, Malaysia, Indonesia,
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Korea and the Philippines; for the Mexican crisis he utilized those from
Mexico, Argentina, Brazil and Chile. Okimoto focused on the US-UK stock
indices. Both of the studies used regime-switching copulas in order to find
evidence of changes in the dependence structure during the crisis periods.
Canela and Pedreira also applied continuous two-dimensional copulas so
as to study pairwise dependence structures of daily returns in Argentina,
Brazil, Chile, Mexico, Peru and Venezuela. They concluded that cross-market dependence between Latin America stock markets present higher
probability of extreme losses; therefore, we can expect that the dependence structure between them strengthens more in crisis periods than in
tranquil ones.
It is known that, for financial appliances, the model construction has to
acknowledge the need to treat stronger dependence between extreme losses, instead of that related to extreme gains. Since Latin American stock
markets are characterized by this effect, we decided to use two simple Archimedean copulas, Clayton’s and Gumbel’s, because they capture the
asymmetric tail dependence. As noted by Carol (2008), the Clayton copula
captures lower tail dependence while the Gumbel copula captures upper
tail dependence. We also decided to include the Normal or Gaussian copula —which is symmetric and exhibits tail independence— as a comparative estimation with the other two copulas.
When working with copulas that have different tail behavior, typical
conduct of financial crisis periods, one can test if phases with higher dependence can also present changes in the distribution’s tails. However,
this analysis remains static, since the estimation does not capture shifts
of the dependence structure period after period. In order to do so, the copula must be time-varying. Patton (2001a, 2001b) introduced the concept of
conditional copula. It allows the analysis to include a time-varying conditional density for each individual variable, plus the conditional dependence between them. He applied it to the study of asymmetries in the dependence structure of the Deutsche mark and the Japanese yen exchange
rates in relation to the usd. However, his work did not consider the case in
which both, the form of the conditional copula and its parameters,
changed. In his later research, Patton (2006a, 2006b) developed a bivariate model that used a Multi-stage Maximum Likelihood Estimator
(msmle) based on the asymptotic theory and sample simulations. He used
what he calls the Symmetrized Joe-Clayton copula to test for asymmetry
in tail dependence. He also uses a similar garch model for conditional
variances evolution equation in order to capture time variation in the cur-
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rent dependence structure between the euro and the yen exchange rates
in relation to the usd. This model allowed the parameters of the two copulas to vary over time, finding evidence of greater dependence between
them during extreme events.
Johansson (2011) used the conditional copula framework and applied
it to the analysis of regional financial markets in Europe and Eastern
Asia in the 2008 crisis context. He used an egarch model to incorporate
the asymmetry in log-return volatility of stock indices in a set of both East
Asian and West European markets. Instead of focusing on particular copulas between the countries, he analyses the regional tail dependence. His
main finding is that regional volatility and co-movements in Europe and
East Asia were higher during the global financial crisis of 2008 than
throughout the Asian financial crisis. Nevertheless, the effect upon Europe is higher.
The aim of our work is to use the referred framework to develop a model for the Latin American 2008 financial crisis context, using the weekly
returns of the Mexican and Brazilian indices. A difference with the study
of Johansson rests in the focus on the specific copula between two countries in one region, instead of the region itself. Another change is the use of
a threshold garch (tgarch) model instead of the egarch approach. Our intention is to verify whether the results presented in other regions appear
and remain in the Mexican and Brazilian case for the 2008 crisis.
The remainder of this paper is divided as follows: in section I we discuss the copula definition, its dependence measures and the methodology used; the data and results are shown in section II. We then evaluate
the performance of the copulas involved in our work and conclude on the
matter.
I. Methodology
Nelsen (1999) defines copulas as “functions that join or couple multivariate distribution functions to their one dimensional marginal distribution
functions”. Copulas isolate the dependence structure from the structure of
marginal distributions.
A n-variate copula C (u1,…, un) is a cumulative distribution function
(cdf) with uniform marginals on the unit interval. Sklar’s (1959) theorem
tells us that if Fj(xj) is the cdf of a univariate continuous random variable
Xj, then C(F1(x1),…,F1(xn)) is a n-variate distribution for X = (X1,…,Xn)
with marginal distributions Fj, j = 1,…n. Conversely, if F is a continuous
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n-variate cdf with univariate marginal cdfs F1,…,Fn, then there exists a
unique n-variate copula C such that F(x1,…,xd) = C(F1(x1), …,Fn(xn)).
In this study we used three bivariate copulas, Normal or Gaussian,
Clayton and Gumbel.
The two-dimensional Gaussian copula has the following form:
(1)

CθG(u1, u2) = FΣ (F –1 (u1), F –1(u2))

where F denotes the cdf of a standard normal distribution, while FS is the
cdf for a bivariate normal distribution with zero mean and covariance
matrix S. This can be represented also as:
                                            F –1 (u1) F –1 (u2)
GA
Cθ      (u1, u2) =   ∫          ∫
–∞
–∞

1
2π √1 – θ 2

(

exp –

x12 – 2θx1x2 + x22
2(1 – θ 2)

)

dx1 dx2

(2)

where θ is the correlation coefficient. When θ = 0 it describes the independence copula, while for θ = 1 describes the comonotonicity copula, and for
θ = –1 the countermonotonicity copula.
The bivariate Gumbel copula is given by:

[ (

GU

Cθ      (u1, u2) = exp – (– ln(u1)θ + (– ln(u2)θ

)]
1
θ   

(3)

where θ ∈ [1,∞). When θ = 1 describes the independence copula, while for
θ → ∞ describes the comonotonicity copula.
The bivariate Clayton copula is given by:
CL

(

)

Cθ      (u1, u2) = u1–  θ+ u2–θ + 1

–1
θ

(4)

where θ ∈ [–1,∞)\{0}. When θ → 0 it describes the independence copula,
while for θ → ∞ describes the comonotonicity copula.
Copulas are very useful in the study of dependence because of their
properties. First, they are invariant to strictly increasing transformations of random variables. Second, they calculate consistent concordance measures, like the widely used Kendall tau and Spearman rho.
Third, a relevant treatment of the asymptotic tail dependence is also
presented.
The main element of association in this study is the Kendall tau. It is a
measure of concordance between two random variables. Two points (x1, x2),
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(y1, y2) are said to be concordant if (x1 – y1)(x2 – y2) > 0, and discordant if
(x1 – y1)(x2 – y2)<0. In a similar way, two-random vectors (X1, X2), (Y1, Y2)
are said to be concordant if P[(X1 – Y1)(X2 – Y2) > 0] is greater than P[(X1 –
Y1)(X2 – Y2) < 0], that is, if X1 tends to increase with X2, and discordant the
other way. The Kendall tau measures these differences in probability

t (X1, X2) = P[(X1 – Y1)(X2 – Y2) > 0]– P[(X1 – Y1)(X2 – Y2) < 0].

(5)

The advantage in using copulas is the possibility to associate them with
Kendall’s tau as:

t (X1, X2) = 4 ∫ ∫ C (u1, u2) dC (u1, u2) – 1.

(6)

For this study we take the price of the active i in period t, Pit, and compute
the rate of return as:
rit = ln Pit – ln Pit–1 .

(7)

The model used is a tgarch (1,1) for the returns of the index of the country i:
rit = μi + uit
uit = σit εit
2
it =

σ

(8)
2
i1 uit +

ai0 + a

2
it–1 + i

bi σ

γ I (uit–1 <0)

The innovations εit are supposed to be distributed as a standardized tstudent with v degrees of freedom.
The family of models that include Autoregressive Conditional Heteroscedasticity (arch) and the generalized arch (garch) is the most commonly applied model regarding the volatility of financial series. The models in this family presuppose that the lag information of a variable and its
conditional volatility are determinants for present and future behavior of
the series. The origins of these models are the studies of Engle (1982) and
Bollerslev (1986).
The variance specification postulated is important because the “true”
volatility is not observable. In fact, every specification of variance usually
defines a certain type of arch. In this context, it is relevant to state that
there are more than one hundred different conditional variance specifications (Bollerslev, 2010).

348

Arturo Lorenzo Valdés and Ricardo Massa Roldán: Measuring Dependence in Financial Crisis

The tgarch model assumes, in particular, a specification that allows
volatility to depend on the sign of the lag of the shocks. This model was
originally developed by Zakoian (1994).
In the tgarch model, the shocks have differentiated impacts on the conditional variance. Positive shocks (uit–1 >0) have an impact ai1. The negative shocks (uit–1 <0) have an impact ai1 + gi. Therefore, if gi ≠ 0 then the
shocks (news) will have an asymmetric impact. Particularly, if gi > 0 bad
news will increase the volatility, and then the “leverage effect” will appear.
The coefficients of the specification of variance are postulated as positive.
For the estimation of the parameters the log likelihood function used is:
T

ln L (a, θ ; r1, r2,…, rT) = ∑ (ln c (F1 (r1t ; a1), F2 (r2 t ; a2); θ) +
t=1

+ ln f1 (r2 t ; a 2) + ln f1 (r2t ; a 2))

(9)

where c (F1 (r1t ; a1), F2 (r2 t ; a2); θ) constitutes the copula density, while f1
and f2 are the marginal densities of the returns in each country.
II. Empirical Results
We collected weekly closure prices from the principal stock market indices
of Brazil and Mexico. We chose the Brazilian and Mexican stock markets
due to their relevance on a regional basis and the dynamics they have exhibited during the past years. According to the Emerging Stock Market
Factbook, from the six biggest and longest established emerging equity
markets in Latin America by 1998 (Brazil, Mexico, Argentina, Venezuela,
Chile and Colombia), Brazil and Mexico consistently present the two largest results in Market Capitalization and Value of stocks traded. In 1998,
Brazil presented 160,887 and 146,594; for Mexico the figures were 91,746
and 33,841, respectively.�1
Our sample goes from January 3rd, 1975 to November 16th, 2010. We
computed the rate of returns as (7). By studying different periods we were
able to find evidence of changing dependence structures during financial
turmoil, like the one presented in 2008.
Descriptive statistics of returns are presented in table 1. The non-normality of the data is confirmed through the Jarque-Bera test, based on
coefficients of skewness and kurtosis.
1

Figures are expressed in millions of USD.

-0.68148 -0.29037

0.06797 0.04355

-0.24086 -0.10662

11.56855 9.21035

Minimum

Std. Dev.

Skewness

Kurtosis

Source: Authors’ own elaboration.

0.15258

Kendalls-tau

1872

0.000

0.17606

1872

0.000

Correlation

Observations

Probability

5744.86 3011.89

0.36339 0.35084

Maximum

Jarque-Bera

0.01351 0.00643

Median

Mexico

0.01683 0.00628

Brazil

All

Mean

Sample
Mexico

834

0.000

-0.02143

-0.01847

834

0.000

5121.47 1393.69

15.04354 9.32754

-0.76377 -0.13086

0.07439 0.05051

-0.68147 -0.29037

0.36339 0.35084

0.01624 0.00678

0.01999 0.00925

Brazil

1975-1990
Mexico

522

522

0.000

59.68

0.24189

0.35089

0.000

23.67

3.86867 4.62638

0.28885 -0.15707

0.07543 0.04109

-0.25058 -0.17716

0.27264 0.17503

0.01866 0.00593

0.02551 0.00421

Brazil

1991-2000

Table 1. Descriptive statistics of market returns for different periods
Mexico

516

0.000

588.19

0.41195

0.64201

516

0.000

246.20

6.11452 8.18312

-0.66160 -0.35110

0.04229 0.03206

-0.22327 -0.17928

0.16843 0.18579

0.00657 0.00638

0.00293 0.00357

Brazil

2001-2010

Mexico

151

0.000

139.70

0.56274

0.82074

151

0.000

120.03

7.23093 7.71211

-0.54257 0.01238

0.04798 0.04242

-0.22327 -0.17928

0.16843 0.18579

0.00526 0.00401

0.00053 0.00121

Brazil

2008-2010
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Table 2. Parameter estimation results of the individual tgarch(1,1)
for Brazil and Mexico
Brasil

Mexico

m

0.00912

*

(0.0011)

0.00610

*

(0.0007)

a0

0.00004

*

(0.0000)

0.00002

*

(0.0007)

a1

0.10409

*

(0.0191)

0.11789

*

(0.0224)

g

-0.02872

(0.0176)

0.01033

b

0.90196

*

(0.0143)

0.87325

*

(0.0161)

n

8.47577

*

(1.2673)

5.85597

*

(0.7191)

(0.0227)

Source: Authors’ own elaboration. Notes: Standard errors appear in parentheses. *Denotes rejection of
the null hypothesis (that the parameter equals zero) at the 1 per cent level of significance.

The descriptive Kendall’s-tau confirms that the dependence between the
two markets has increased with time, but it also shows that in the crises
the dependence was greater.
Estimation results of the individual tgarch(1,1) model (8) for each
country is presented in table 2 for the entire sample. This estimation was
used as an initial condition for the copula estimation with (9).
The asymmetric parameter γ is not statistically significant for any
country in the whole period. The other parameters are statistically different from zero.
The estimation of the dependence structure based in copulas is presented in table 3. It is a good fit for the model with the different copula
functions, since the parameters of variance are, in general, statistically
significant.
This happened with all used copulas. In Mexico in earlier periods, the
coefficient for the leverage effect was not statistically significant, so there
was no leverage effect. However, at the beginning of the 1990’s the parameter became significantly positive, indicating that there was a leverage
effect and, therefore, the volatility increased when prices were falling, as
indicated by the stylized facts in finance. The same goes for Brazil, but
this effect is significant only for the new century.
The parameter q is used to calculate the Kendall tau for each option
with the relationship (6). We must stress that the tau is significant only
when the entire sample is taken into consideration; however, if we only

1991-2000

1975-1990

All

g -0.05771*** (0.0331)

(0.0322)

(0.0267) 0.11606* (0.0359)

0.09932* (0.0359) -0.03760

a1 0.12416* (0.0370) -0.00437

(0.0000)

0.00008** (0.0000) 0.00007***(0.0000)

(0.0333)

a0 0.00005

0.01179

0.00388** (0.0016) 0.01425* (0.0025)

τ = -0.00842

m 0.01317* (0.0024)

(0.0352)

4.34954* (0.6463) 9.75329* (2.7127)

n 9.74639* (2.7115)

q -0.01323

0.86052* (0.0233) 0.98618* (0.0068)

b 0.98583* (0.0070)

(0.0419) -0.03444* (0.0119)

0.17778* (0.0434) 0.03038* (0.0093)

g -0.03432* (0.0120) -0.04120

a1 0.03068* (0.0094)

(0.0000)

0.00002*** (0.0000) 0.00001

(0.0000)

a0 0.00001

(0.0335)

0.00646* (0.0011) 0.01138* (0.0016)

0.37783

m 0.01140* (0.0016)

τ = 0.17315

5.78213* (0.7450) 8.07820* (1.0295)

n 8.31435* (1.2369)

q 0.26865* (0.0195)

0.88620* (0.0132) 0.89874* (0.0138)

b 0.90439* (0.0132)

(0.0199) -0.04134** (0.0179)

0.11916* (0.0210) 0.11472* (0.0193)

a1 0.11329* (0.0191)

g -0.04769* (0.0182) -0.01258

0.00002* (0.0000) 0.00004* (0.0000)

Brazil

0.00593* (0.0007) 0.00910* (0.0010)

Mexico

Mexico

(0.0201)

(0.0418)

(0.0285)
0.09820* (0.0370)

-0.00118

0.00009** (0.0000)

0.00444* (0.0016)

τ = 0.00586

4.35061* (0.6456)

0.86072* (0.0231)

-0.04116

0.17775* (0.0434)

0.00002*** (0.0000)

0.00643* (0.0011)

τ = 0.15890

5.95807* (0.7191)

0.88806* (0.0127)

-0.00569

0.11513* (0.0200)

0.00002* (0.0000)

0.00594* (0.0007)

Clayton

a0 0.00003* (0.0000)

Brazil

Normal

m 0.00894* (0.0010)

Sample

Table 3. Copula estimation results for different periods

(0.0378)

(0.0000)

(0.0025)

(0.0192)

(2.6988)

(0.0068)

(0.0120)

(0.0092)

(0.0000)

(0.0016)

(0.0205)

(1.2113)

(0.0135)

(0.0190)

(0.0202)

(0.0000)

(0.0011)

-0.06779*** (0.0351)

0.12600*

0.00005

0.01246*

0.98448*

9.80620*

0.98619*

-0.03401*

0.03021*

0.00001

0.01136*

1.20027*

8.01790*

0.90236*

-0.04924*

0.11798*

0.00003*

0.00885*

Brazil

(0.5965)

(0.0145)

(0.0220)

(0.0222)

(0.0000)

(0.0011)

(0.6733)

(0.0230)

(0.0415)

(0.0430)

(0.0017)
(0.0260)
0.07822** (0.0328)

0.00683

0.00006 *** (0.0000)

0.00423 *

τ = -0.01577

4.39540*

0.86151*

-0.04216

0.17685*

0.00002*** (0.0000)

0.00650*

τ = 0.16685

5.33317*

0.88325*

-0.00617

0.12130*

0.00002*

(0.0007)

Mexico
0.00578*

Gumbel
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τ = 0.57381

1.59718* (0.2129)

τ = 0.44401

2.36910*

5.04282* (1.8687) 108.83774

0.96049* (0.0190)

(0.2063)

(922.02)

(0.0505)

(0.0591)

(0.0608)

(0.0000)

(0.0032)

(0.0746)

(0.0284)

(0.0353)

(0.0301)

(0.0000)

(0.0012)

(7.2353)

(0.0314)

(0.0549)

(0.0384)

(0.0000)

(0.0025)

τ = 0.57790

7.81138

0.95141*

0.18431*

-0.04919

0.00000

0.00267

τ = 0.44035

8.25685** (3.6148)

0.90513*

0.12852*

-0.01246

0.00003*

0.00460*

τ = 0.25634

Source: Authors’ own elaboration. Notes: Standard errors appear in parentheses. *, **and ***denote rejection of the null hypothesis (that the parameter
equals zero) at the 1, 5 and 10% significance levels, respectively.

q 0.78416* (0.0292)

(5.8862)

7.46278

n 99.48249

(6.2206) 9.56444

0.97732* (0.0175) 1.00795* (0.0015)

b 1.03140* (0.0000)

(580.19)

0.17836*
0.92913*

-0.05960

0.00005

0.00177

1.78685*

(0.0000)

0.14343* (0.0345)

(0.0310)

(0.0414)

(0.0344)

(0.0000)

18.78808*** (10.6719)

0.89559*

0.16147*

-0.03725

0.00008*

0.13710* (0.0334) 0.20210* (0.0009)

-0.00001

0.00388*** (0.0020)

τ = 0.30821

5.84886* (1.4115)

0.90402* (0.0328)

(0.0484)

(2.6635) 13.02286*** (7.3543)

0.00373** (0.0017)

g 0.15472* (0.0000)

(0.0000) 0.00001* (0.0000)

a0 -0.00001* (0.0000) -0.00001

(0.0370)

0.07915** (0.0355)

0.00835

0.00003** (0.0000)

0.00620* (0.0011)

τ = 0.22323

a1 -0.11123* (0.0000) -0.05153** (0.0208) -0.13480* (0.0015) -0.04394** (0.0233)

(0.0017) 0.00432* (0.0000)

0.00250

m 0.00134* (0.0000)

0.89107* (0.0900)

7.64809* (2.6586) 9.27659* (2.3132)

n 11.91547** (5.3838)
τ = 0.42841

0.90770* (0.0312) 0.91455* (0.0274)

b 0.91333* (0.0289)

q 0.62329* (0.0293)

0.09121* (0.0341) 0.11420* (0.0325)

g 0.11873* (0.0369)

(0.0275)

0.00004

a1 -0.02521

(0.0339) -0.03028

0.00003** (0.0000) 0.00006* (0.0000)

a0 0.00006** (0.0000)

(0.0306)

0.00539* (0.0011) 0.00595* (0.0016)

m 0.00511* (0.0016)

0.57475* (0.0847)

1.34469*

τ = 0.27455

8.33148*

q 0.41802* (0.0371)

(0.0336)

Mexico
0.91952*

Gumbel

(0.0234)

Brazil

n 8.38396* (2.7763) 14.42831*** (7.9950) 7.43297* (1.9667) 10.86296** (4.6319)

Mexico
0.90028*

Brazil

0.90217* (0.0422) 0.88849* (0.0263)

Mexico

Clayton

0.89595* (0.0441)

b 0.89420* (0.0240)

Brazil

Normal

Table 3. Copula estimation results for different periods (Cont.)

Sample

2001-2010

2008-2010

352
Arturo Lorenzo Valdés and Ricardo Massa Roldán: Measuring Dependence in Financial Crisis

economía mexicana nueva época, vol. XXII, núm. 2, segundo semestre de 2013

353

study the sample that goes from 1975 to 1990 we will find that the tau is
zero, i.e. there is no concordance between the two markets. During the
next two decades the tau grew notably, thus indicating that the dependence between the two stock markets became stronger. During the past
decade (2001-2010) the crisis emerged. That is why we went back to divide the sample to analyze the crisis period. The result indicates that the
tau is large, showing that during crises the dependence between markets increases and makes investors to deem these two markets as something similar.
III. Concluding remarks
In this paper we estimated the degree of dependence across two Latin
American stock markets, Brazil and Mexico. The degree of dependence is
modeled by employing three copulas: Normal, Clayton and Gumbel. We
considered different periods to analyze the evolution of the concordance
measure, and we applied a maximum likelihood estimation method. The
findings in the three Copula models provided evidence that the dependence (measured by Kendal’s tau) between stock market returns for Brazil and Mexico has increased through time and even more after the 2008
financial crisis. The results are consistent with the revised works: there
exists an evolution of the dependence structure (which was captured by
the copula approach) rather than a contagion effect. As discussed, Latin
American stock markets present a higher probability of extreme losses;
therefore, the dependence structure between them strengthens more in
crisis periods. This implies that, in times of crisis, the difficulty of diversifying investment portfolios in the region increases.
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