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Abstract

This work is devoted to the study of long correlations and other statistical properties of

Latin-American market indices. We concluded that the behavior of the return is compatible

with a slow convergence to a Gaussian distribution. We also detected long-range correlations

in the absolute value of the return analyzing the effects of working with short data series. This

fact has relevant consequences in the volatility dynamics.
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1. Introduction

In recent years, there has been a growing literature in financial economics that
analyzes the major Stock indices in developed countries [1–5].
One of the main problems is the analysis of the existence of long-term or short-

term correlations in the behavior of financial markets.
The statistical properties of the temporal series got analyzing the evolution of the

different markets have been of a great importance in the study of financial markets.
The empirical characterization of stochastic processes usually requires the study of

temporal correlations and the determination of asymptotic probability density
distributions (pdf). The first model that describes the evolution of option prices is the
Brownian motion. This model assumes that the increment of the logarithm prices
follows a diffusive process with Gaussian distribution [6]. However, the empirical
study of temporal series of some of the most important indices shows that in short
time intervals the associated pdf have larger kurtosis than a Gaussian distribution
[5]. The first step in order to explain this behavior was done in 1963 by Mandelbrot
[7]. He developed a model for the evolution of the cotton price by a stable stochastic
non-Gaussian Levy process [8]. However, these distributions are not appropriate for
working in long-range correlation scales. These problems can be avoided considering
that the temporal evolution of financial markets is described by a truncated Levy
flight (TLF) [9].
The detrended fluctuation analysis (DFA) method is an important technique that

allows detecting the presence of long-range correlations in non-stationary temporal
series. This method was developed by Peng, and has been applied to the study of the
DNA, heart rate dynamics, solid state Physics, and economic series.
Most of the studies mentioned before have been done with indices of developed

markets that have a great volume of transactions. This work is devoted to the study
of the principal market indices in Latin America.
Our main interest is detecting long-range correlations in emerging markets

economic indices. The presentation is described as follows: In the first section, we
give a short introduction to the Levy distributions. In the second section, we present
the indices that will be analyzed and we give a relation between them and the TLF.
In the third section, we give a brief description of the fundamentals of the technique
known as DFA and we applied this technique to the indices previously analyzed in
order to determine the existence of long-range correlations. Finally, we conclude that
our results are compatible with a power law, and also with a TLF distribution. We
also detected the presence of long-range correlations in several emerging markets
economic indices.
2. The truncated Levy flight

Levy [10] and Khintchine and Levy [11] solved the problem of the determination
of the functional form that all the stable distributions must follow. They found that
the most general representation is through the characteristic functions jðqÞ, by the
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following equation:

lnjðqÞ ¼

imq � gjqj2 1� ib
q
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� �� �
ðaa1Þ ;

mq � gjqj 1þ ib
q

jqj

2

p
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� �
ða ¼ 1Þ ;

8>>><
>>>:

where 0oap2, g is a positive scale factor, m is a real number and b is an asymmetry
parameter that takes values in the interval ½�1; 1�.
The analytic form for a stable Levy distribution is known only in the following

cases:

a ¼ 1=2; b ¼ 1 ðLevy2Smirnov distributionÞ ,

a ¼ 1; b ¼ 0 ðLorentz distributionÞ ,

a ¼ 2 ðGaussian distributionÞ .

We consider symmetric distributions ðb ¼ 0Þ with zero mean value ðm ¼ 0Þ. In this
case the characteristic function takes the form:

jðqÞ ¼ e�gjqja .

As the characteristic function of a distribution is its Fourier transform, the stable
distribution of index a and scale factor g is

PLðxÞ 	
1

p

Z 1

0

e�gjqja cosðqxÞdq .

The asymptotic behavior of the distribution for large values of the absolute value of
x is given by

PLðjxjÞ �
gGð1þ aÞ sinðpa=2Þ

pjxj1þa � jxj�ð1þaÞ

and the value at zero PLðx ¼ 0Þ by

PLðx ¼ 0Þ ¼
Gð1=aÞ
pag1=a

.

The fact that the asymptotic behavior for large values of x is a power law has the
following consequence: the stable Levy processes have infinite variance. In order to
avoid the problems arising in the infinite second moment, Mantegna and Stanley [9]
considered a stochastic process with finite variance that follows scale relations called
TLF. The TLF distribution is defined by

PðxÞ ¼

0; x4l ;

cPlðxÞ; �loxol ;

0; xol ;

8><
>:

where PlðxÞ is a symmetric Levy distribution and c is a normalization constant. The
only stable distributions are the Levy distributions. The TLF distribution is not
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stable, but it has finite variance, so it converges to the Gaussian distribution, but
unlike another pdf, its convergence is very slow. Another property of the TLF is that
the cut it presents in its tails is very abrupt. Koponen [12] considered a TLF in which
the cut function is a decreasing exponential characterized by a parameter l. The
characteristic function of this distribution is defined by

jðqÞ ¼ exp c0 � c1
ðq2 þ 1=l2Þa=2

cosðpa=2Þ
cos½a arctanðljqjÞ�

( )

with c1 a scale factor and

c0 	
l�a

cosðpa=2Þ
.

If we discretize in time with steps Dt, we obtain that T ¼ NDt.
At the end of each interval, we must calculate the sum of N stochastic variables

that are independent and identically distributed. The new characteristic function
will be

jðq;NÞ ¼ exp c0N � c1
Nðq2 þ 1=l2Þa=2

cosðpa=2Þ
cos½a arctanðljqjÞ�

( )
.

For small values of N, the return probability will be very similar to the stable Levy
distribution:

PLðx ¼ 0Þ ¼
Gð1=aÞ

paðgNÞ
1=a

.

3. Methods and data analyses

We studied several Latin-American market indices using data of five countries
(daily close values): Argentina (MERVAL), from October 8th, 1996 to July 18th,
2002; Chile (IPSA), from June 9th, 1997 to July 18th, 2002; Mexico (IPC), from
November 8th, 1991 to July 15th, 2002; Peru (Lima General), from April 28th, 1998
to July 18th, 2002; and Brazil (BOVESPA), from April 27th, 1993 to July 15th, 2002.
The number of points for the MERVAL is 1,407, for IPSA is 1,262, for IPC is

2,654, for Lima General is 1,043 and finally for BOVESPA is 2,276. We also used
data of the SP500, an index of the New York Stock Exchange. In the last case, the
data correspond to two different periods: the first one from April 14th, 1950 to July
15th, 2002 (13,145 points) and the second one from November 8th, 1991 to July
15th, 2002 (2,694 points), in order to compare the results for developed countries
with the results for emergent countries. For this reason, we considered two periods:
one short period, including the periods corresponding to the emergent countries
indices; and a longer one, in order to check the consequences of working with a small
number of points.
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In this work, the analyzed stochastic variable is the return ðrtÞ, defined as the
difference of the logarithm of two consecutive index prices:

Gt ¼ log I t � logðI t�T Þ ,

where T is the difference (in labor days) between two values of the index. In order to
compare the returns for different values of T, we define the normalized return by

g 	
G � hGiT

s
,

where s2 	 hG2iT � hGi2T , and h� � � iT denotes the arithmetic average over the series
of temporal scale T. The empirical study of temporal series of some of the most
important indices shows that in short time intervals the associated pdf have larger
kurtosis than a Gaussian distribution. In Fig. 1, we show the accumulated
probability distribution for the two versions of the normalized return of the SP500
index and in Figs. 2–6, we show the accumulated probability distribution of the
normalized returns of the Latin-American indices. These graphs depict an
asymptotic behavior corresponding to power law:

Pðg4xÞ �
1

xa .

In Table 1, we give the exponents a calculated for each index, all the values are
strictly greater than 2. These values are greater than the values corresponding to a
Levy distribution; however, Weron [13] concluded that these values could be a
consequence of working with finite samples. The behavior is compatible with a slow
convergence to a Gaussian distribution. We can verify this statement by studying the
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Fig. 1. For two different data series and for two different values of time scale T log–log plot of the

cumulative distribution of the normalized returns of SP500 index. Short series contains 2,694 records and

long series contain 13,145 records.



ARTICLE IN PRESS

1E-4

1 10

1E-3

0.01

0.1

1

SP500

T = 1

T = 1

T = 4
T = 8
T = 16

C
um

ul
at

iv
e 

di
st

rib
ut

io
n

Normalized return

Fig. 2. For four different values of time scale T log–log plot of the cumulative distribution of the

normalized returns of MERVAL index (Argentina).
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Fig. 3. For four different values of time scale T log–log plot of the cumulative distribution of the

normalized returns of IPC index (Mexico).
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momentum evolution. The momentum mk is defined by

mk ¼ hjgjkiT .

The graph of the normalized return momentum for the SP500 for different values of
T (Fig. 7) corresponds to the results of Gopikrishnan et al. [14], and has the same
behavior as the one presented by Latin-American indices momentum, see, for
example, the moments of the MERVAL index (Fig. 8).
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Fig. 4. For four different values of time scale T log–log plot of the cumulative distribution of the

normalized returns of BOVESPA index (Brazil).
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Fig. 5. For four different values of time scale T log–log plot of the cumulative distribution of the

normalized returns of Lima General index (Peru).
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4. Long-range correlations in market indices

A direct estimation of the correlation function defined by

CðtÞ 	
hGðtÞGðt þ tÞi � hGðtÞi2

hG2ðtÞi � hGðtÞi2

is not appropriate in general, due to possible presence of unknown influences in the
data series that would introduce problems in the calculation of the temporal mean
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Fig. 6. For four different values of time scale T log–log plot of the cumulative distribution of the

normalized returns of IPSA index (Chile).

Table 1

Values of the exponent a for four different values of time scale T (see also Figs. 1–6)

Index SP500 MERVAL IPC BOVESPA Lima General IPSA

T ¼ 1 2.78 2.35 2.64 2.46 2.22 2.75

T ¼ 4 3.15 2.64 2.96 2.62 2.32 2.98

T ¼ 8 3.19 2.43 3.33 2.50 2.46 3.33

T ¼ 16 3.39 2.04 3.72 2.39 2.58 3.46
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values. The spectral analysis is not appropriate even for the computation of the
correlation function, because this method is applicable only to linear temporal series
that are stationary or strictly periodic.
The DFA method is an important technique that allows detecting the presence of

long-range correlations in non-stationary temporal series. This method was
developed by Peng [15], and has been applied to the study of the DNA [16,17],
the cardiac dynamics [18,19], climatic studies [20,21], solid state Physics [22,23], and
economic series [24–27]. The DFA method is based in the theory of the random
walks. In the determination of correlations, it is of fundamental importance to detect
the difference between different tendencies arising in external agents, and intrinsic
long-range correlations. Strong tendencies in the data may produce the detection of
false long-range correlations, if a careful analysis of the results is not done [28]. On
the other hand, the DFA method eliminates the tendencies of different order.
In order to apply the method to the study of the returns, first we have to integrate

the absolute value of gðtÞ:

yðtÞ ¼
Xt

i

jgðiÞj .
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Fig. 8. Moments of the distribution of MERVAL index.
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Fig. 7. Moments of the distribution of long data series of SP500.
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Then the integrated series is divided into intervals of length n, with no intersection
between them. As the length of the series is not necessarily a multiple of n, there will
remain a little amount at the end of yðtÞ. In order to take account of these values, we
repeat the same procedure but beginning from the end, obtaining Ns ¼ 2N=n (with
N the number of elements of yðtÞ) intervals with no intersection of equal length.
In each interval the mean square linear regression is computed, obtaining a curve
ðynðtÞÞ. Finally we calculate

F ðnÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

2Ns

X2Ns

t¼1

½yðtÞ � ynðtÞ�
2

vuut .
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This computation must be done over all the intervals of length n. A linear relation
between F ðnÞ and n in a log–log plot says that there is a power law scaling with
exponent a0. Therefore, the parameter a0 that gives the relation between F ðnÞ and n

characterizes the fluctuations. For autosimilar processes the exponent a0 is related to
the exponent b of the power spectrum in the following way:

a0 ¼
1þ b
2

.

Then, for data series with no correlation, or with short-range correlation, it is
expected that a0 ¼ ð1=2Þ. On the other hand, the values ð1=2Þoa0o1 show the
presence of large-range correlations that follow power laws.
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Fig. 9. DFA method applied to the short and long data series of the SP500 index.
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Fig. 10. DFA method applied to the data series of the MERVAL index.
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This method was used for measuring correlations in financial series of high
frequencies, and in the daily evolution of some of the most relevant indices.
In order to be able to observe the importance of the sample size when applying the

DFA, we applied this method to the two series corresponding to the SP500 index
(Fig. 9). We can observe that the series with less number of points presents bigger
variations in the amplitude for the biggest values of log n.
The graph obtained for Latin-American markets are shown in Figs. 10–14.

Finally, Table 2 shows the exponents found for all the indices analyzed.
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Fig. 11. DFA method applied to the data series of the IPC index.
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Fig. 12. DFA method applied to the data series of the BOVESPA index.
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Fig. 13. DFA method applied to the data series of the Lima General index.
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Fig. 14. DFA method applied to the data series of the IPSA index.

Table 2

DFA analysis for the absolute value of returns

Index Length a0 Error

SP500 13,145 0.858 0.002

SPS 2,694 0.782 0.005

ARG 1,407 0.940 0.004

MEX 2,654 0.893 0.003

BRA 2,276 0.953 0.004

PER 1,043 0.877 0.005

CHI 1,262 0.777 0.003

S. Jaroszewicz et al. / Physica A 355 (2005) 461–474472
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5. Conclusions

In this work, we did an empirical study of the statistical behavior of the most
relevant Latin-American indices. Although we obtained compatible results with a
potency law, it is not possible to conclude that the statistical distribution is not a
TLF. This fact is because only when working with very large data sets (greater than
106 observations) is possible to detect a power behavior, allowing an estimation of
the exponent a. Finally, we detected long-range correlations in the absolute value of
the return. This fact has relevant consequences in the volatility dynamics, that is a
fundamental variable in the option pricing models.
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