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aInstitute of Physics, University of Rzeszów, PL-35-959 Rzeszów, Poland
bInstitute of Nuclear Physics, Polish Academy of Sciences, PL-31-342 Kraków, Poland

Received 8 March 2006; received in revised form 7 July 2006

Available online 15 August 2006

Abstract

The statistics of return distributions on various time scales constitutes one of the most informative characteristics of the

financial dynamics. Here, we present a systematic study of such characteristics for the Polish stock market index WIG20

over the period 04.01.1999–31.10.2005 for the time lags ranging from 1min up to 1 h. This market is commonly classified as

emerging. Still on the shortest time scales studied we find that the tails of the return distributions are consistent with the

inverse cubic power law, as identified previously for majority of the mature markets. Within the time scales studied, a quick

and considerable departure from this law towards a Gaussian can however be traced. Interestingly, all the forms of the

distributions observed can be comprised by the single q-Gaussians which provide a satisfactory and at the same time

compact representation of the distribution of return fluctuations over all magnitudes of their variation. The corresponding

nonextensivity parameter q was found to systematically decrease when increasing the time scales. The temporal

correlations quantified here in terms of multifractality provide further arguments in favor of nonextensivity.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Making the quantification of financial fluctuations is a real interdisciplinary challenge. The related well-
identified stylized fact is the so-called inverse cubic power law [1] which applies to developed stock markets
[2–5], to the commodity market [6], as well as to the most traded currency exchange rates [7]. The emerging
stock markets are commonly considered to be governed by a somewhat different dynamics which often [8,9]
results in exponential tails of the return distributions. Of course, both the above types of distributions are Lévy
unstable and thus for the sufficiently long time lags they may converge towards a Gaussian. The distribution
with an exponential tail might correspond to an intermediate stage between a distribution with the power law
asymptotics and a very large time lag limit—a Gaussian [10]. Such a scenario corresponds for instance to the
Heston model [11].
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In order to elaborate more on this sort of issues, we systematically study the character of fluctuations of the
Polish stock market as represented by the WIG20 index. This equity market started trading on 16 April 1991
and the presently most often quoted corresponding index is WIG20 (Warszawski Index Gie"dowy—Warsaw
Stock Market Index), introduced in 1994, comprising capitalization weighted prices of the 20 largest
companies. The high quality electronic processing and recording of all the transactions started in the
beginning of 1999. The analysis presented here thus covers the time period since 4 January 1999 until 31
October 2005.

The daily trading closing hour during this period was 4:00pm and since 17.11.2000 4:10pm. The opening
hours have been changed two times. On 4.1.1999 until 30.7.1999 (Period1) it was 1pm, then until 16.11.2000
(Period2) it was 12am, and then 10am (Period3) with the closing at 4:10pm.

As it can be seen from Fig. 1 in the whole time period inspected here, even though representing
an emerging market, the WIG20 has been following the overall world trend—more in terms of the
phase than in the amplitude however. During the first 2 years of the period considered its behavior closely
resembled the Nasdaq. Since 2003 it however by far overperforms the two world major indices: the Nasdaq
and the S&P500. As natural, the original WIG20 is quoted in the Polish Zloty (PLN). Converting
systematically the PLN into the US$—to make this comparison even more informative—results in an even
larger gain as can be easily seen from Fig. 1. This is due to a parallel sizable PLN appreciation in the period
considered.

2. Conventional log–log analysis

For the time series W ðtÞ representing the index value at time t we use the commonly accepted definition of
returns as

R � Rðt;DtÞ ¼ lnW ðtþ DtÞ � lnW ðtÞ. (1)

As another standard procedure, we calculate the normalized returns r � rðt;DtÞ defined as

r ¼
R� hRiT

v
, (2)
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Fig. 1. NASDAQ, S&P500 and WIG20(Warsaw Stock Exchange) index from 04.01.1999 until 31.10.2005.
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