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The paper verified the hypothesis regarding a normal distribution of returns of Warsaw Stock Exchange
indexes for the following time intervals: daily, weekly, monthly, quarterly and yearly. The analyzed rates
of return were calculated in the following outlines: closing-closing, opening-opening, opening-closing and
overnight. The verification of statistical hypotheses was conducted with the use of the following seven
statistical tests: Kolmogorov-Smirnov, Lilliefors, Shapiro-Wilk, Chi-squared, Cramer von Mises, Watson,
Anderson-Darling. The analyzed indexes were ranked due to the convergence of their return to the
normal distribution with the use of the following tests: Jarque-Bera, Shapiro-Wilk and D’Agostino-Pearson.
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1. Introduction

One of the most important assumptions in theoretical and empirical
research in finance is that relevant variables (e.g. rates of return) are
characterized by a normal distribution. In the process of mean-variance
efficiency, small sample results have been derived under the assumption
of a normal distribution of returns (Affleck-Graves & McDonalds, 1989;
Bookstaber & McDonalds, 1973; Clark, 1973; Fama, 1965, 1976; Harris,
1986; Richardson & Smith, 1993). Some authors underline that violation of
the assumption may lead to incorrect inference (MacKinlay & Richardson,
1991). The general conclusion of many studies has pointed out that equity
returns are not normally distributed, putting into doubt all obtained results
relying on the assumption of the normal returns distribution.

The aim of this paper is to verify the hypothesis of the normal distribu-
tion of daily stock index returns, published by the Warsaw Stock Exchange
(WSE).

2. Literature Review

One of the earliest works dedicated to the distribution of rates on the
financial markets was Bachelier’s study, which proved that price differences
in subsequent periods were normally distributed variables, using random
walk model of financial instrument prices (Bachelier, 1900). The expected
value of the instrument price change was zero, and the variance of price
change was a function of the length of the analyzed period. A more advanced
study of time series carried out by Kendall proved, on the basis of weekly
rates of return from the British market, not only the normal distribution of
price changes but also their leptokurtosis (Kendall, 1953). Another impor-
tant study was published by Osborne, who proved the normal distribution
of returns of companies listed on the American Stock Exchange and the
New York Stock Exchange (Osborne, 1959). Fama rejected the hypothesis
that the monthly returns of 14 out of 30 Dow Jones Industrial components
were normally distributed in the period of 1951-1968 (Fama, 1976).

Amongst the more contemporary works, special consideration should
be given to Scalas and Kim who, using a stable distribution, approximated
daily rates of return for the DJIA and MIBTEL indexes (Scalas & Kim,
2007). For this first index, the Kolmogorov and chi-square tests confirmed,
and for the second index they denied, the hypothesis that index returns
could be approximated by a stable distribution. In the work of Barunik
et al., the hypothesis of the normal distribution of returns for the fol-
lowing indexes: WIG, PX and BUX in the period March 2005 — March
2009 was rejected (Barunik, Vacha, & Vosvrda, 2010). Ghahfarokhi and
Ghahfarokhi showed that in the case of returns of the following indexes:
CAC40, DAX, DJAC, FTSE 100, ISEQ and S&P 500, the Value at Risk
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(VaR) determined with the use of a stable distribution was closer to a real
distribution of these indexes than the above mentioned index distribution,
obtained with the use of the normal or t-student distribution (Ghahfarokhi
& Ghahfarokhi, 2009).

Barunik et al. analyzed the normality of returns distribution in the period
from March 2005 to March 2009 for the following equity indexes: Czech PX,
Polish WIG, Hungarian BUX, German DAX and U.S. S&P 500 (Barunik,
Vacha, & Vosvrda, 2010). The analyzed period was divided into two sub-
periods — the first half of the data represented the pre-crisis period and
the second half comprised post-crisis data. The first period, in comparison
with the second period, was better described by the normal distribution
(except for the PX index). Otherwise, the real data was characterized by
fatter-than-normal but lighter-than-stable tails.

Bott and Mitobedzki, analyzing the rates of return for the WIG index
and 21 stocks listed on the Warsaw Stock Exchange in the period 1991-1993,
concluded that they were not normally distributed (Boit & Mitobedzki,
1994). In turn, Fiszeder conducted a study of the WIG index returns and
12 other world indexes in the period 2 January 1997 — 30 June 1999 with
the following compliance tests: Pearson, Kolmogorov-Lilliefors and Shapiro-
Wilk (Fiszeder, 2000). The first two tests allowed for rejecting the null
hypothesis regarding the normal returns distribution for all tested indexes.
In the case of the Shapiro-Wilk test, there was no reason to reject the null
hypothesis only for the NIKK index. Rokita, calculating rates of return for
the WIG20 index in the period of 13 September 1997 — 15 February 2000,
came to the conclusion that they were not normally distributed (Rokita,
2000). These results were confirmed by Osifiska, who analyzed the rates
of return of two indexes: WIG20, WIG and the 18 components of the
latter index, in the period of January 1999 — July 2001 (Osifiska, 2006).
Also. in the paper by Witkowska and Kompa, the returns analyzed for
12 companies and two WSE indexes in Warsaw, in the period 2 January
2003 — 31 December 2005, did not appear to follow the normal distribu-
tions path (Witkowska & Kompa, 2007).

3. Methodology

The paper consists of four parts:

In the first part, the hypothesis of the normality of return rates for
all stock indexes published by the Warsaw Stock Exchange will be veri-
fied. On 17 October 2000, the Warsaw Stock Exchange introduced the
WARSET continuous trading system and prior to this date the quotation
system was only partially continuous. The implementation of the WARSET
system on the WSE brought its trading system closer to the systems used
in developed markets. The date of the first publishing of each index is
revealed in Table 1.
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In the case of an index for which the date of its first publication is earlier
than the date of the implementation of the WARSET system (17 October
2000), the rates of return were analyzed in two periods:

A) Full, i.e. from the date of first publication of the index to 31 March

2017 (index name given with the extension: all),

B) Between 17 October 2000 and 31 March 2017 (index name given with
the extension: WARSET).

For other indexes, the calculation was effected from the date of their
first publication to 31 March 2017 (index name given with the extension:
WARSET) except three cases:

a) WIG20TR index — the first date of publishing all four courses (open,
high, low and close) was 3 December 2012 (index name given with the
extension: WARSET?2),

b) WIG30 index - the first date of publishing all four courses (open, high,
low and close) was 23 September 2013 (index name given with the
extension: WARSET?2),

¢) WIG30TR index — the first date of publishing all four courses (open,
high, low and close) was 3 December 2012 (index name given with the
extension: WARSET?2).

For each of the analyzed indexes, the following rates of return were
calculated (daily rates of return):

a) Close — Close (C-C): ln( CC’ ) (last session close vs. previous session
—1
close), T

b) Overnight (OV): ln( CO’ ) (last session open vs. previous session close),
t—1

¢) Open — Open (0O-O): 1n< OO’ ) (last session open vs. previous session
—1
open), t

t

d) Open — Close (O-C): ln(é) (last session close vs. last session open),
t

where:

C, — closing price in the period ¢,

C,_; — closing price in the period 7 — 1,

O; — open price in the period ¢,

O,_1 — open price in the period ¢ — 1.

The choice of the above rates of return results from two premises.
The first is the investment premise — a transaction takes place at strictly
defined moments of the session at the opening or closing prices. The
other derives from earlier scientific articles because most research con-
centrates solely on close-close returns. The author is not familiar with
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the scientific papers referring to different than the close-close returns
on the Polish market.

The hypothesis H, was formulated as follows: the distribution of the
analyzed index returns is a normal distribution. In turn, the alternative
hypothesis H; takes the following form: the distribution of the analyzed
index returns does not follow the path of a normal distribution.

The verification of statistical hypotheses was conducted with the use of
the following seven statistical tests: Kolmogorov-Smirnov, Lilliefors, Shapiro-
Wilk, Chi-squared, Cramer von Mises, Watson, Anderson-Darling. In all
analyzed cases, p-values were calculated. If the p-value is less than or equal
to 0.05, then the hypothesis H is rejected in favor of the hypothesis H;.
Otherwise, there is no reason to reject the hypothesis H,.

In the second part, the hypothesis of the normalization of return rates
for four indexes: WIG, WIG20, mWIG40 and sWIG80 was verified in
the annual time horizons, i.e. for the following years: 2001-2016, as well
as for selected up and down waves with the use of the succeeding tests:
Jarque-Bera, Kolmogorov-Smirnov, Lilliefors, Cramer von Mises, Watson
and Anderson--Darling. The purpose of this part is to demonstrate that
the distribution of rates of return for individual indexes can be normal
at shorter time intervals. Part two of the study can be considered as an
introduction to the third part.

........................

Toss tos14k

| |
| |

torz toras

Fig. 1. Determining the parameter p in K session time horizon

In the third part of the analysis, the verification of the hypothesis of
normal distribution of returns was carried out according to the following
scheme. The parameter p was calculated at the moment K, i.e. for the
first K trading session of the analyzed index on the Warsaw Stock Exchange.
If ¢y is the date of the first quotation of the index on the Warsaw Stock
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Exchange, then the parameter p; was calculated for the following sessions:
to, to+1> to+2s ---» to+x- The next parameter p, was determined for the K ses-
sion time horizon but moved forward by one session, i.e. for sessions held
at times: o1, Lo4+2, ---» to+k+1- Similarly, the value of the parameter p; for
the remaining K series sessions was calculated, i.e. until the last session in
the time frame, i.e. until 31 March 2017. For all the analyzed indexes, the
values p, were determined with the use of the following tests: Jarque-Bera,
Shapiro-Wilk and D’Agostino-Pearson (first degree of freedom), as well as
for three different time horizons of K: 30, 100 and 252 sessions (second
degree of freedom) and for four types of interest rates: C-C, O-O, O-C and
overnight (third degree of freedom). The next step of the research was to
provide statistics for each of the analyzed indexes, which include, in par-
ticular, the frequency for a given value K and the type of test when there
was no reason to reject the null hypothesis. As a result of this procedure,
the frequency of p>0.05 is calculated for each of the tested returns, for
different K and for different statistical tests.

Due to the fact that the parameter p can be treated as the probability
that the analyzed distribution can be regarded as a normal distribution and,
hence, the higher its value, the given distribution is more similar to the
normal distribution; thus, the parameter p can be used to create a ranking
list of indexes taking into account the proximity of the distribution of the
index returns relative to the normal distribution. Such an index ranking
was compiled for different: types of returns (C-C, O-O, C-O and over-
night), values K (K = 30, K = 100 and K = 252 sessions) and the types
of statistical test (Jarque-Bera, Shapiro-Wilk and D’Agostino-Pearson). In
the next step, for the given rates of return, for the given value of K, the
sum of the ranking of an analyzed index was calculated according to the
following equation:

SI+11+II + SI + SII + SIII

where:

S; — position in the ranking of a given index for Jarque-Bera test,

Sy — position in the ranking of a given index for Shapiro-Wilk test,

Sy — position in the ranking of a given index for D’Agostino-Pearson test,

As a result,12 rankings were obtained: (four rates of return: C-C, O-O,
O-C and overnight) x (three investment horizons K: 30, 100 and 252 ses-
sions). Then, on the basis of these 12 ratings, the following sum of the
ratings was calculated for each of the analyzed indexes:
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Sio= K054 K= 306, K= 30 0K =305y K= 100,
K 1005, K= 1005, K= 1005, K= 252, K= 252,
n KO=_2225Jr KZO\ESZS
where:

§S — position of a given index in the ranking for a specific time horizon

K (K = 30, 100 and 252 sessions) and return type X (C-C, O-O, O-C and
overnight).

The sums S,, ., for each of the analyzed indexes were used in the
process of global ranking construction.

In the last part of the study, based on the statistics computed in part
three, the average, maximum and minimum values for all index statistic
were calculated when K was equal to 30, 100 and 252 sessions and for each
type of statistical test.

The main thesis of the analysis was formulated as follows: at long time
intervals, the returns distributions are not normal distributions. As a long
time interval, an investment horizon covering several years was assumed.
In turn, the secondary thesis of the research may be expressed as follows:
in the shorter investment horizons, the distribution of WSE indexes returns
may be normal. The auxiliary thesis can also be written in a slightly differ-
ent way: returns of WSE indexes are serially normal.

4. Analysis of Results

4.1. Verification of the Hypothesis of Normal Distribution of Returns
of Stock Exchange Indexes in the Period From Their First
Publishing Date Until 31 March 2017

The results of the hypothesis Hy testing for all indexes are provided in
Table 1 (index names according to the ones officially published by WSE).
Only in a few cases there was no reason to reject the null hypothesis in
favor of the alternative hypothesis (“*” means that the null hypothesis
was not rejected with the use of only one test — e.g. the result was not
confirmed by other tests):

a) C-C: WIG-Budownictwo-All*, WIG-Energia-Warset*, WIG-Gornic-
two-Warset, WIG-Leki-Warset, WIG-NieruchomoS$ci-Warset, WIG-

Odziezowy-Warset;
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b) O-O: WIG-Gornictwo-Warset, WIG-Leki-Warset, WIG-Moto-Warset,
WIG-NieruchomoSci-Warset, WIG-Odziezowy-Warset, WIG20TR-War-
set2*, WIG39TR-Warset*;

¢) O-C:WIG-Chemia-Warset*, WIG-Developerzy-Warset®, WIG-Gornic-
two-Warset, WIG-Leki-Warset, WIG-Moto-Warset, WIG-Nieruchomosci-
Warset, WIG-Odziezowy-Warset, WIG-Paliwa-Warset*;

d) Overnight: WIG-Budownictwo-Warset®, WIG-Gornictwo-Warset, WIG-
Leki-Warset, WIG-Moto-Warset, WIG-Nieruchomosci-Warset-WIG-
Odziezowy-Warset, WIG-Paliwa-Warset, WIG20-Warset*, WIG20-TR-
Warset2*, WIG30-Warset2, WIG30TR-Warset™.

Many of the above mentioned indexes were launched at the end of
2016: WIG-Gornictwo-Warset, WIG-Leki-Warset, WIG-Leki-Warset,
WIG-Nieruchomosci-Warset.

Only in the case of the WIG30-Warset2 index, i.e. the index for which
continuous quotation covers a longer period than the first quarter of 2017,
the null hypothesis was not rejected for overnight rates of return with the
use of the following tests: Kolmogorov-Smirnov (0.0876) and Chi-squared
(0. 32006).

4.2. Verification of the Hypothesis of Normal Distribution of Returns
for the Following Indexes: WIG, WIG20, mWIG40 and sWIG80
When the Investment Horizon is Equal to One Year and During Up
and Down Waves

The results of testing the null hypothesis for the main indexes of the
Warsaw Stock Exchange in particular years are presented in Tables 2-5. In
case of many annual periods, there was no reason to reject the hypothesis
that the distribution of the analyzed returns was normal. Let us assume that
if at least two of the six tests do not allow for rejecting the null hypothesis,
then the distribution of returns for individual indexes in the analyzed years
represents a normal distribution. The numbers of cases when p>0.05 are
presented in Table 6. The results higher than or equal to 2 are marked
out in bold.

For example, there was no reason to reject the null hypothesis in the
following years (rates of return C-C):

a) WIG: 2001, 2005, 2007, 2009, 2012, 2013;

b) WIG20: 2005, 2006, 2007, 2009, 2010, 2013 and 2014;
¢) mWIG40: 2001, 2002 and 2009;

d) sWIGS80: 2001, 2002, 2003 and 2005.

For all the four analyzed main WSE indexes, there were no reason to
reject the null hypothesis with the use of at least two tests for the follow-
ing years and rates of return:

a) 2003: O-C,
b) 2005: O-O and O-C,
c) 2009: O-C.
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The results of testing the null hypothesis for the main indexes of the
Warsaw Stock Exchange in particular up and down waves are presented
in Tables 7-10. The upward (downward) wave of the index occurs when
the value of the index changes between extreme points by at least 15%.
For example, in the case of the WIG index, during the first three waves
there was no reason to reject the null hypothesis (for C-C, O-O and O-C
rates of return) as well as for the 9th downward wave in the period: 8 May
2015 - 21 January 2016 (only for O-C rates of return). For WIG and
WIG20 indexes, in all rising and falling waves for overnight returns, the
null hypothesis was rejected — see Tables 7 and 8. For the sWIG80 and
mWIG40 indexes, it is possible to indicate upward and downward waves for
overnight return rates when there was no reason to reject the null hypothesis:
a) mWIG40: 1-4, 12, 15 and 16 - see Table 9;

b) sWIGS80: 10 and 12 — see Table 10.
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes

Date of e 0.0 Overnight oC
the first . . . . . " . .
| Shapiro- | Chi- | Cramer- Anderson - Shapiro- | Chi- | Cramer- Anderson - Shapiro- | Chi- Cramer- X . Shapiro- | Chi- Cramer- Anderson
quotation | K-S [Lilliefors " [Watson| X K-S | Lilliefors .  |Watson| N K-S | Lilliefors i Ny Watson [Anderson Darling| K-S | Lilliefors " ) Watson )
Wilk | -squared | -Von Mises Darling Wilk | -squared |-Von Mises Darling Wilk | -squared | -Von Mises Wilk [ -squared | -Von Mises Darling
WIG-All 16-04-1991 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.0001 | 0,0000 0,0000 0,0000 0,0000 0,0000
WIG-Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0004 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0002 0.0000 0.0000 0.0000
WIG-Banki - All | 31-12-1997 [ 0.01 | 0.01 0.01 0.0001 00000 {0.0000| 0.0000 | 0,000 | 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0071 0.0000 0.0000 0.0000 0,0000 | 0.0000 0,0000 0,0000 0,0000 0,0000
WIG-Banki-Warset | 17-10-2000 [ 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0031 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0041 0.0000 0.0000 0.0000
WIG-Budownictwo-
Warset 31-12-1997 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.3874 | 00000 0,0000 0,0000 0,0000 0,0000
WIG-Budownictwo-
Al 17-10-2000 | 0.01 | 0.01 0.01 0.3307 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0006 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000
WIG-CEE-Warset | 31-05-2012 [ 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
WIG-Cheria-
W[G fhsm)a 22-09-2008 |0.0203| 0.01 0.01 0.0001 0.0000  0.0000( 00000 [0.0302| 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.0099 0.01 0.01 0.1047 0.0000 0.0000 0.0000 0.0217 0.01 0.01 0.0013 0.0000 0.0000 0.0000
s
WIG-Developerzy-
Warset 18-06-2007 | 0.01 | 0.01 0.01 0.0001 0.0000  {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.1867 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0028 0.0000 0.0000 0.0000
WIG-Energia-
Warset 04-01-2010 | 0.01 | 0.01 0.01 0.1198 0.0000 10,0000 0.0000 0.01 0.01 0.01 0.0205 0.0000 ]0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0007 0.0000 0.0000 0.0000
WIG-Gornictwo- ~
Warset 02-01-2017 | 0.2013 | 0.2035 | 0.1794 | 0.2374 02431 02998 03471 |0.0245| 0.0278 0.01 0.0849 03748 | 0.3575| 04185 0.2879 | 0.2345 0.7595 0.8373 0.6678 0.6259 0.7575 0.2589 | 02567 0.1794 03432 0.1671 0212 0.144
WIG-Informatyka-
Al 31-12-1997 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000
WIG-Informatyka-
Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0023 0.0000 0.0000 0.0000
WIG-Leki-Warset | 02-01-2017 [0.2034] 02678 | 03102 | 0.1201 02797 {02450 02681 |[0.2345| 0.2684 | 0.1836 | 03872 0.2677 | 0.2344| 0.2803 0.1837 | 0.0053 0.0004 0.0018 0.0003 0.0002 0.0001 0.2478 | 02987 0.6191 0.5599 0.3463 0.3587 0.4685
WIG-Media-Warset | 31-12-2004 [ 0.01 | 0.01 0.01 0.0092 0.0000  {0.0000| 0.0000 | 0.01 0.01 0.01 0.0012 0.0000{0.0000{ 0.0000 0.01 0.01 0.01 0.0007 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
WIG-Moto-Warset | 02-01-2017 {0.2056 | 0.2367 | 0.5925 | 0.4010 0.191 0.1732] 02606 [0.2897( 02348 | 02722 | 0.6357 0.1554 ]0.1326] 0.1299 0.2089 | 02769 0.2915 0.5174 0.2662 0.2788 0.2794 0.2754 | 02356 0.3563 0.7575 0.2945 0.2697 0.3211
WIG-
Nieruchomosci- 02-01-2017 [ 0.2678 | 0.1867 | 0.0744 | 0.0349 00328 [0.0227) 0.0409 [0.2489( 0.1978 | 0.2119 | 0.1504 0.0475 0.0449| 0.078 0.2897 | 02016 0.0087 0.0646 0.0454 0.0474 0.0274 0.2013 | 0.2056 0.8228 0.9025 0.9438 0.9340 0.9000
Warset
WIG-Odziezowy-
Warset 02-01-2017 {0.0235 | 0.0879 | 0.1981 | 0.0134 00427 10,0394 00546 |0.2457| 0.1467 | 0.1194 | 0.0076 0.0639 | 0.0508| 0.0481 0.2389 | 0.2245 04161 0.0275 0.2096 0.1856 02228 0.2018 | 02189 0.4884 0.5933 0.4019 03724 0.3951
WIG-Paliwa-Warset | 03-01-2006 [ 0.01 | 0.01 0.01 0.0001 0.00000.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0583 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0718 0.0000 0.0000 0.0000
WIG-Poland-All 16-04-1991 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 00000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000
WIG-Poland-Warset | 17-10-2000 [ 0.01 | 0.01 0.01 0.0121 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
WIG-Spozywezy-All | 31-12-1997 [ 0.01 | 0.01 0.01 0.0001 00000 {0.0000 0.0000 | 0,000 | 0,000 0,000 0,000 0,000 {0,000 [ 0,000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0,0000 | 0,000 0,0000 0,0000 0,0000 0,0000
WIG-Spozywezy-
Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0231 0.0000 10,0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 ] 0.0000| 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
WIG-Surowcowy-
Warset 31-12:2010 | 0.01 [ 0.01 001 0.0232 0.0000 [0.0000) 0.0000 | 0.01 0.01 0.01 0.0001 0.0000 {0.0000{ 0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
WIG-Telekom-All | 31-12-1997 [ 0.01 | 0.01 0.01 0.0001 0.0000 0.0000) 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 {0,000 [ 0,000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000 0,0000 | 0,000 0,0000 0,0000 0,0000 0,0000
WIG-Telekom-
Warsct 17-10-2000 [ 0.01 | 0.01 0.01 0.0231 0.0000 10,0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 ]0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000
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Dateof [ 0-0 Overnight 0-C
the first .| Shapiro- | Chi- | Cramer- Anderson - Shapiro- | Chi- | Cramer- Anderson -~ Shapiro- | Chi- Cramer- . - Shapiro- | Chi- Cramer- Anderson
quotation | K [Lillefors| © squared | Yon Mises [Watson) Darlng K | Lillcors | © squared | ¥on Mises [Watson Darling K| Liliefors | = squared | Vo Mises Watson | Anderson Darling| K-S | Lillefors | squared | Yon Mises Watson Darling

WIG-Ukraina-

Warset 31-12:2010 | 0.01 [ 0.01 0.01 0.0001 0.0000  [0.0000) 0.0000 [ 0.01 0.01 0.01 0.0001 0.0000 {0.0000{ 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

(WIG20-All 14-04-1994 | 0.01 | 001 001 0.0001 0.0000  {0.0000  0.0000 0.01 0.01 0.01 0.0000 0.0000 0.0000 0.0000

WIG20-Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0074 0.0000  {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.5518 0.0000 0.0000 0.0000

WIG20TR-All 31-12:2004 | 0.01 [ 0.01 0.01 0.0010 0.0000  {0.0000) 0.0000 [ 0,000 [ 0,000 0,000 0,000 0,000 | 0,000 [ 0,000 0.01 0.01 0.01 0.0041 0.0000 0.0000 0.0000 0,0000 | 0.0000 0,0000 0,0000 10,0000 0,0000

(WIG20TR-Warset2 | 03-12-2012 [0.0456] 0.01 0.01 0.0001 0.0000  [0.0000| 0.0000 [0.2319( 0.0113 0.01 0.0498 0.0013 | 0.0012] 0.0001 0.0367 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.1426 | 0.0028 0.01 0.0001 0.0000 0.0000 0.0000

WIG30-All 28-12-2012 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000

WIG30-Warset2 23-09-2013 (0.0482]  0.01 0.01 0.0001 0.0000  {0.0000) 0.0000 [0.0425| 0.1 0.01 0.0003 0.0000 {0.0000{ 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.0876 | 0.0012 0.01 0.3206 0.0000 0.0000 0.0000

WIG30TR-All 28-12-2012 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000

WIG30TR-Warset | 23-09-2013 [0.0434| 0.01 0.01 0.0001 0.0000  {0.0000) 00000 [0.2215( 0.0112 | 0.0001 | 0.0194 0.0035 {0.0032] 0.0005 0.01 0.01 0.0001 0.0001 0.0000 0.0000 0.0000 02318 | 0.0456 0.01 0.0005 0.0003 0.0003 0.0001

'WIG-DIV-Warset | 03-01-2011 [ 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

mWIG40-All 31-12-1997 | 0.01 [ 0.01 0.01 0.0001 0.0000 0.0000) 0.0000 [ 0,000 [ 0,000 0,000 0,000 0,000 | 0,000 [ 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0,0000 | 0.0000 0,0000 0,0000 0,0000 0,0000

mWIG40-Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

sWIGS0-All 29-12-1994 | 0.01 | 0.01 0.01 0.0001 0.0000  0.0000( 0.0000 | 0,000 [ 0,000 0,000 0,000 0,000 0,000 | 0,000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000

sWIGO-Warset 17-10-2000 | 0.01 | 0.01 0.01 0.0001 0.0000 10,0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 ] 0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

INCIndex-Warset 24-06-2013 | 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

Tnvestorms 31-12:2002 | 0.01 | 0.01 0.01 0.0001 0.0000  [0.0000| 0.0000 | 0.01 0.01 0.01 0.0001 0.0000 {0.0000{ 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

Respect 31-12-2008 | 0.01 | 0.01 0.01 0.0001 0.0000 {0.0000( 0.0000 0.01 0.01 0.01 0.0001 0.0000 |0.0000| 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000 0.01 0.01 0.01 0.0001 0.0000 0.0000 0.0000

Tab. 1. Results of testing the null hypothesis from the first quotation date until 31 March 2017
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c-C 0-0 0-C Overnight

J"l;‘:r“: K-S | Lilliefors VL(:;‘;:CS Watson A‘]’)‘:er'::; J"l:‘::: K-S | Lilliefors ‘Z:’;:cs Watson A']‘):e:;:: Ja];‘c‘:: K-S |Lilliefors \Z:,;e.:cs Watson A'l‘)‘t:]::: J"l:‘::: K-S |Lilliefors ;:"“}:I:cs Watson A'l':‘::ﬁ:
2001| 0.1071 | 0.1 0.1 0967 | 01313 | 0097 | 00018 | 01 | o011 00185 | 0012 | 00115 00039 | 01 | 012 0.1289 | 0.1494 | 01137 0 |00085| 0.0086 | 00013 | 0.0014 [ 0.0005
2002( 0.00002 [ 0.0031 | 0.0032 | 00032 | 0.0032 | 0.0025 0 01 | 013 01494 | 0.1252 | 0.0613 0.0008 |0.0246| 0.0249 | 00137 [ 00121 [ 0159 0 |00084| 0.0085 | 00008 | 0.0004 [ 0.0006
2003| 0.1442 {0.0008| 0.0007 | 00016 | 0.0012 | 00015 | 01898 | 0. | 01 | 001156 | 0.115 | 0.0697 02491 00445 | 00445 | 00576 | 0.0483 | 00436 | 01526 | 001 | 0.12 0.0149 | 00101 | 00141
2004| 0.0003 [0.0067| 0.0062 | 0.0021 | 00011 | 00020 | 0.0013 | 01 | 0.11 01098 | 0.0887 [ 0.1155 0.0169 |0.0598 | 0.0595 | 00502 | 0.0412 | 0415 0 |00031| 0.0036 0 0 0
2005| 0 [0.0585| 0.0589 | 00719 | 01459 | 00279 | 00084 |0.0147| 0156 | 00524 | 0.0685 [ 00328 00023 | 01 | 012 07515 | 08411 | 05734 0 |0.0001| 0.0002 0 0 0
20060 0 [00373| 00372 | 00189 | 0.0238 | 0.0045 0 | 0055 00562 | 00095 | 00281 | 00028 0.0001 |0.0227 0.0226 0014 | 0.0176 | 0.0066 0 [ooo0r| 0 0 0 0
2007| 0 0.0 | 0103 | 03967 | 03883 | 02082 0 |00016| 00017 | 00001 | 0.0001 0 01287 | 0.2 | 0123 03715 | 03491 | 02726 0 0 0 0 0 0
2008| 0 [0.0282| 00283 | 0.0019 12 0.0007 0 [0.0002] 0.0001 0 0 0 0 |0.0074] 0.0075 | 00004 | 0.0002 [ 0.0002 0 0 0 0 0 0
2009 00161 | 01 | 0012 | 01241 | 01222 | 00855 | 02848 | 0.1 | 0.2 0361 | 0.625 0.22 00373 | 011 | 013 03205 | 02894 | 02694 | 01036 | 0.1 | 012 05568 | 0.5716 | 0.4224
2010( 0 [00032] 00031 | 0.0004 | 00003 | 0.0001 0 |0.0006| 00005 | 00016 |0.0014 | 00012 0 |00444| 0.0454 | 00109 | 0.0081 | 0.0038 0 [00018| 0.0009 | 00001 | 0.0001 0
01| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 00127 | 01 | 012 00391 | 00299 [ 00350 | 00033 | 01 | 012 00892 | 007 | 00905 01374 | 0.3 | o1t 01532 | 01313 | 0.192 0 [00097| 00095 | 00005 | 0.0003 | 0.0003
2013 0 | 0051 | 00512 | 0012 | 00006 | 00003 0 [0.0088| 0.0089 | 0.0006 | 0.0003 | 0.0001 0 0 0 0 0 0 0 |00046| 0.0047 | 0.0001 0 0
2014| 0 [00487| 00485 | 0017 | 0117 | 00085 | 0.0116 | 0.1 | 0.2 03782 | 04272 | 02503 04868 | 0.2 | 0.2 0411 | 03704 | 05076 0 0 0 0 0 0
2015| 0 [0.0003| 0.0002 0 0 0 0 |00082| 00085 | 0.0011 | 00021 | 00001 0.0001 {00043 | 00043 | 00024 | 0.0019 | 0.0027 0 0 0 0 0 0
2016| 0 0 0 00002 | 0.0001 | 0.0004 0 0 0 0 0 0 0 |0.0871| 00873 | 00032 | 00017 [ 0.0014 0 0 0 0 0 0
Tab. 2. Results of testing the null hypothesis for each year — WIG index

Cc-C 0-0 0-C Overnight

PO st o S st | (| e | M| s [uimetrs| (R s | S| | [t | (R wasn | T
2000 [ 0 0 0 0 0 0 0 0 0 0 0 0 01962 | 01 | 012 0.282 0307 | 0312 0 0 0 0 0 0
2002 | 0.0083 [0.0161| 0.0162 | 00203 | 0.0238 | 00152 0 |0.0896| 0.0892 | 00467 | 0.0379 | 0.009 0 00929 00925 | 00049 [ 0.0046 | 0.0035 0 [00049| 0.0052 | 00006 | 0.0003 | 0.0004
2003 | 0.041 |0.0046| 0.0047 | 00036 | 00033 | 00033 | 02434 | 013 | 0125 | 01252 | 01225 | 00122 02397 | 013 | 0135 00556 | 00451 | 00303 | 00732 [00181] 00183 | 0.0095 | 00069 | 00109
2004 | 0002 |0.0024| 00025 | 00018 | 0.0009 | 00013 | 00022 | 011 | 012 03191 | 03053 | 0286 0.0455 | 0.012 | 013 0.1666 | 0.1407 |  0.1564 0 |00015| 0.0015 | 00005 | 0.0003 [ 0.0003
2005 | 00001 | 0.2 | 0.3 01193 | 0.1619 | 0.062 | 0.0671 |0.0281| 0.0285 | 0.0885 | 0.0925 | 0.067 01338 | 01 | o1t 09696 | 0.9818 |  0.855 0 [00067| 0.0068 | 00004 | 0.0004 | 0.0001
2006 | 0.004 |0.0289 | 00292 | 00582 | 0.0631 | 0.031 0 0.1 0.1 00711 | 0.1499 [ 0.0377 00226 {00773 | 00778 | 00236 | 0.0207 | 0.0203 0 [00003| 0 0 0 0
2007 | 0.1536 | 0.123 | 0125 | 02994 | 03012 [ 02449 | 0.0267 | 0.1 0.1 00394 | 0046 | 0.0191 0.5676 | 0.1 0.1 0.888 | 0.9031 | 0.9419 0 [00007] 0.0007 | 00007 | 0.0014 | 0.0003
2008 | 0.0001 [0.0308 | 0.0308 | 0.0083 | 0.0055 | 0.0031 0 |0.0003| 0.0003 0 0 0 0 [00054| 0.0054 0 0 0 0 0 0 0 0 0
2009 | 0221 | 015 | 013 03798 | 03935 | 0381 | 0.1491 | 0.1 0.1 03419 | 0348 | 0337 04204 | 0.1 0.1 01972 | 0.1746 | 0.1896 0135 | 01 0.1 02233 | 02223 | 02034
2010 | 02022 | 0.16 | 0.15 0.6036 | 0.6191 | 0.5384 0 |0.0244] 00254 | 00274 | 00237 | 0.0369 0 |0.0756] 0759 00533 | 00461 | 0,022 0 |00069| 0.0072 | 00081 | 00058 [ 0.0031
2011 | 0 |00164| 00165 | 00047 | 0.0028 | 0.0017 0 |00236| 00245 | 00274 | 00256 | 0.0356 0 |0.0895| 0.0865 | 0059 [ 0.0521 | 00352 0 [00023| 00026 | 00079 | 0.0026 | 0.0036
2012 [ 0 [0.0003] 0.0001 0 0 0 0 |0.0003| 0.0002 0 0 0 0 [00001| 0.0001 0 0 0 0 [00001| 0.0001 0 0 0
2013 | 0 or | o 0.1159 | 0.0034 | 0.0013 | 0.0001 [0.0604| 0.0652 | 0.0051 | 0.0029 | 0.0015 0 |oooot| 0 0 0 0 0 [00152] 00153 | 00019 | 0.0011 | 0.0003
014 | 0 | oar | 012 02949 [ 02719 | 02093 | 0.1455 | 0.1 0.1 03368 | 03336 | 03298 08964 | 0.1 0.1 0.4868 | 04467 | 05412 0 0 0 0 0 0
2005 | 0 |0.0027| 00028 | 00002 | 0.0001 | 0.0002 0 | 0002 | 00019 | 00016 | 00025 | 0.001 0 [00001| 0.0001 | 00012 [ 00012 | 0.0021 0 0 0 0 0 0
2016 | 0.0044 |0.0587 | 0.0589 [ 0.0168 | 0.0115 | 0.0161 0 | 0004 | 00039 0 0 0 0 |00579 00589 | 00147 [ 00111 | 00153 0 0 0 0 0 0
Tab. 3. Results of testing the null hypothesis for each year — WIG20 index
24 DOI 10.7172/1644-9584.74.1 Problemy Zarzadzania — Management Issues vol. 16, no. 2(74), 2018 25




Krzysztof Borowski

Normal Distribution of Returns of Warsaw Stock Exchange Indexes

c-C 0-0 0-C Overnight

e Ja];z:: K-S | Lilliefors ::';E:es Watson A'[')'i:f:: J:;g:’:' K-S | Lilliefors ;:':;:“ Watson A']'):e:]f:;' Ja];z:: K-S | Lilliefors ‘f:;:es Watson A:)‘::::Z J_a:::':' K-S | Lilliefors ;:';:l:“ Watson A'{)’i:f:z
2000 | 0.001 0.1 03469 | 03125 | 03199 0 00497 | 00017 | 0001 | 0.0005 0 0.1 02698 | 03259 | 01992 0 0 0 0 0
2002 0 0.1 0.1319 | 0.1193 | 0.0767 0 00021 | 00021 | 0.0013 | 0.0007 0 0.1 00236 | 00157 | 0016 0 0.0005 0 0 0
2003 | 0.0047 00513 | 00143 | 00092 | 0.021 0 00151 | 00003 | 0.0002 | 0.0001 0.0166 0.1 01161 | 00955 | 01278 0 0 0 0 0.0002
2004 0 00086 | 0.0019 | 0.0046 | 0.0003 0 00286 | 00204 | 00169 | 0.0082 0.0009 0.1 00269 | 00222 | 00144 0 0.0007 0 0 0
2005 | 0.0007 00617 | 00281 | 00345 | 00167 | 05113 0.1 02478 | 02379 | 02526 0.0423 0.1 0.1423 | 01615 | 00729 0 000192 | 00011 | 00007 | 00003
2006 0 0.0036 0 0 0 0 0.0005 0 0 0 0 00157 | 00028 | 0004 | 0.0021 0 0 0 0 0
2007 0 00075 | 0.0009 | 0.0008 | 0.0001 0 0 0 0 0 0 00012 | 0.0001 0 0 0 0 0 0 0
2008 0 0.0003 0 0 0 0 0.0003 0 0 0 0 0 0 0 0 0 0 0 0 0
2009 0 0039 | 00786 | 0.0632 | 0.0456 0 0.0496 | 00443 | 0.0467 | 0.0084 0.0356 0.1 02205 | 02055 | 01352 0 00412 | 00134 | 00134 | 0.0053
2010 0 0024 | 00006 | 0.0004 | 0.0001 0 0023 | 00002 | 0.0001 0 0 0.0887 | 00082 | 00049 | 0.0051 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 | 00001 00043 | 0003 | 00020 | 0001 | 0.0214 00212 | 00294 | 00289 | 0,039 0.0139 00345 | 00068 | 0.0039 | 0.0065 0 00035 | 0.0001 0 0
2013 0 00479 | 00024 | 0.0029 | 0.0016 0 00822 | 00279 | 00272 | 0.0099 0 00145 | 00008 | 0.0006 | 0.0002 0 0 0 0 0
2014 0 0.01 0.0057 | 0.0033 | 0.0019 0 0.1 0232 | 02008 | 0.0829 0 0.1 04303 | 04091 | 0346 0 0 0 0 0
2015 0 00015 | 00003 | 0.0002 | 0.0002 0 0 0 0 0 0 00115 | 00025 | 0.0014 | 0.0014 0 0 0 0 0
2016 0 00032 | 0001 | 00012 | 0.001 0 0.004 0 0 0 0.0041 00893 | 0.0079 0.52 0.006 0 0 0 0 0

Tab. 4. Results of testing the null hypothesis for each year — mWIG40 index

Cc-C 0-0 0-C Overnight

P e | ietos] T |t BT U |l CEE |y Anderon- o | niitors | T | s | Aerson | S| || |y [ Anderson
2001 | 0.0032 0.1 0129 [0.1055| 0.1 0.0024 0.1 01827 | 0.1546 | 0.2262 0.0002 0.0066 | 0.008 | 0.009 | 0.0038 0 0001 | 00127 | 00249 [ 0013
2002 | 0.4336 0.0051 | 0.0386 |0.0289 | 0.0586 0 0.0261 | 0.0054 |0.0033 | 0.0054 0 0.0001 0 0 0 0 0.0056 | 0.0044 | 0.0028 | 0.0012
2003 | 0.0052 0.1 0.1294 | 0.1061 | 0.0879 | 0.0334 0.1 0347 | 03164 | 02411 0.0192 00716 | 02177 | 0.1904 | 02013 | 0.0173 0.1 0.0741 | 0.0579 | 0.0316
2004 | 0 0.0002 0 0.0001 0 0 0.0001 0 0 0 0 00126 | 00033 | 0002 | 00017 0 0.0001 0 0 0
2005 | 0.1007 0.1 01508 |0.1633 | 0.1169 | 0.9008 0.1 08843 | 0.8759 | 0.9226 0.2735 0.1 0545 | 0.5112 | 04615 0 0.1 01662 | 02506 | 0.1165
2006 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2007 0 0 0 0 0 0 0 0 0 0 0 0.0005 0 0 0 0 0 0 0 0
2008 0 0.0003 0 0 0 0 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0
2009 | 0 0.0877 | 0.0109 |0.0067 | 0.0036 0 01 | 00553 |00419| 0021 0.0017 00565 | 0.148 | 0123 | 0.0575 0 0.0089 | 00024 | 0.0029 | 0.0008
2010 | 0 0 0 0 0 0 0.0001 0 0 0 0 0.0037 | 00007 | 0.0003 [ 0.0001 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 0 0.0143 | 0.0014 | 0.0009 | 0.0004 0 0.0072 | 0.0011 | 0.0008 | 0.0006 0 0.0387 | 0.0006 | 0.0003 | 0.0002 0 00172 | 00007 | 0.0004 | 0.0002
2013 0 0.0004 0 0 0 0 0.0021 0 0 0 0 0 0 0 0 0 00631 | 00045 | 0.0046 | 0.0026
2014 0 0.0004 0 0 0 0 0.0009 | 0.0002 | 0.0002 0 0 0.0015 0 0 0 0 0 0 0 0
2015 0 0 0 0 0 0 0 0 0 0 0 0.0061 | 0.0001 0 0 0 0 0 0 0
2016 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tab. 5. Results of testing the null hypothesis for each year — sWIG80 index
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WIG WIG20 mWIG40 sWIG80 For each index the null hypothesis is confirmed by at least 2 tests
C-C | 0-0 | O-C | Overnight C-C | 0-0 | O-C | Overnight C-C | 0-0 | O-C | Overnight c-C 0-0 0-C Overnight c-C 0-0 0-C Overnight
2001 6 2 5 0 0 0 6 0 4 0 4 0 4 4 0 0 FALSE FALSE FALSE FALSE
2002 | 0 5 1 0 0 2 2 0 4 0 1 0 2 0 0 0 FALSE FALSE FALSE FALSE
2003 1 5 2 2 0 6 4 1 1 0 4 0 4 4 4 3 FALSE FALSE TRUE FALSE
2004 | 0 5 4 0 0 5 4 0 0 0 1 0 0 0 0 0 FALSE FALSE FALSE FALSE
2005 4 3 5 0 5 4 6 0 1 5 4 0 5 5 5 4 FALSE TRUE TRUE FALSE
2006 | 0 2 0 0 2 4 2 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2007 | 5 0 6 0 6 2 6 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2008 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2009 | 4 6 5 6 6 6 6 6 2 0 4 0 1 2 4 0 FALSE FALSE TRUE FALSE
2000 | 0 0 0 0 6 0 3 0 0 0 1 0 0 0 0 0 FALSE FALSE FALSE FALSE
2011 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2012 | 2 5 6 0 0 0 0 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2013 2 0 0 0 3 2 0 0 0 1 0 0 0 0 0 1 FALSE FALSE FALSE FALSE
2014 1 5 6 0 5 6 6 0 0 4 4 0 0 0 0 0 FALSE FALSE FALSE FALSE
2015 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 FALSE FALSE FALSE FALSE
2016 | 0 0 2 0 2 0 2 0 0 0 2 0 0 0 0 0 FALSE FALSE FALSE FALSE
Tab. 6. Number of cases when the null hypothesis cannot be rejected (numbers higher
than or equal to 2 are in bold)
cC 0-0 0-C Overnight
B s Bl 0 TR (el R el I s P ol [t et LT Rl I o o 8 [ e S
1 19-12-2000 24-29-2001 | 0.9189 0.1 0.7832 0.7665 0.8296 0.029 0.1 0.1811 0.2358 | 01325 [ 05924 0.1 0.465 04225 | 05138 0 0.0005 0.0001 0.0002 | 0.0001
2 24-29-2001 25-01-2002 t 0.9936 0.1 0.3118 0.284 0.2439 0.1482 0.1 00315 | 0.0317 [ 00289 [ 0.0143 0.0495 0.0267 | 0.0354 | 0.0138 | 0.0083 0.0021 0.0001 | 0.0001 0
3 25-01-2002 26-07-2002 | 0.7043 0.1 0.2418 0.2099 03222 0 0.1 0.087 0.0704 | 0.0454 [ 0.0843 0.1 0.4676 | 0.4276 | 0.4268 0 0.015 0.0005 | 0.0002 | 0.0001
4 26-07-2002 09-07-2007 t 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 09-07-2007 18-02-2009 | 0 0.0008 0.0006 0.0003 0.0001 0 0.0001 0 0 0 0 0.0008 0 0 0 0 0 0 0 0
6 18-02-2009 08-04-2011 t 0 0 0 0 0 0 0.0001 0 0 0 0 0.0008 0 0 0 0 0 0 0 0
7 08-04-2011 23-09-2011 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 23-09-2011 08-05-2015 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 08-05-2015 21-01-2016 | 0 0.0083 0.0013 0.001 0.0022 0 0.0067 0.0069 | 0.0116 | 00022 | 0.279% 0.1 0.4359 | 0.4262 | 0.5024 0 0 0 0 0
10 21-01-2016 30-04-2017 1 0 0.0005 0.0002 0.0001 0.0003 0 0.001 0 0 0 0 0.0185 0.0002 | 0.0001 0 0 0 0 0 0

Tab. 7. Results of testing the null hypothesis for up and down

waves — WIG index
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes

c-C 0-0 0-C Overnight
Number | The wave beginning | The wave end | Up or down vave . Cramer- Anderson- Jarque- | Cramer- Anderson- | Jarque- . Cramer- Anderson- | Jarque- | Cramer- Anderson-
Jarque-Bera | K-S Lilliefors Non Mises ‘Watson Darling Bera K-S| Lilliefors Von Mises Watson Darling | -Bera K-S| Lilliefors Von Mises, Watson Darling | -Bera K-S| Lilliefors Von Mises Watson Darling
1 18-10-2000 19-12-2000 t 0.5249 0.1 0.5601 0.6083 0.5364 0.5793 0.1 04207 | 04828 | 03743 | 0.4452 0.1 0.6613 | 07219 [ 0.4048 | 0.0336 0.005 0.002 0.0014 | 0.0043
2 19-12-2000 25-09-2001 | 0.0744 0.01 0.8185 0.8345 0.8848 0.2936 0.1 03581 | 03724 | 04787 | 0.6749 0.1 0.8836 | 0.8689 | 0.8835 | 0.0019 0.0001 0.0001 | 0.0001 | 0.0001
3 25-09-2001 25-01-2002 t 0.7790 0.0908 0.856 0.079 0.0719 0.1349 0.1 00186 | 0.0202 [ 00218 | 0.0393 0.0452 0.0129 | 00213 [ 00115 | 0.0064 0 0 0 0
4 25-01-2002 26-07-2002 | 0.4855 0.1 03812 0.3478 0.4947 0 0.1 0.1163 | 0.0972 | 0.0544 | 0.0114 0.1 0.7465 0.705 0.5094 0 0.0028 0.0004 | 0.0002 | 0.0001
5 26-07-2002 26-10-2007 t 0 0 0 0 0 0 0.0001 0 0 0 0 0.0009 0 0 0 0 0 0 0 0
6 26-10-2007 18-02-2009 | 0 0.0085 0.0036 0.0022 0.0012 0 0.0008 0 0 0 0 0.0009 0 0 0 0 0 0 0 0
7 18-02-2009 08-04-2011 1 0 0.0001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0005 0 0 0
8 08-04-2011 24-05-2012 | 0 0 0 0 0 0 0.0002 0 0 0 0 0.0012 0 0 0 0 0.0001 0 0 0
9 24-05-2012 02-01-2013 t 0.0931 0.1 03027 0.2726 0.3169 0 0.0109 | 0.0025 | 0.0013 | 0.0016 | 0.0233 0.1 0.1527 | 01317 [ 0.115 0 0.0001 0 0 0
10 02-01-2013 21-01-2016 | 0 0.0004 0 0 0 0 0.0005 0 0 0 0 0 0 0 0 0 0 0 0 0
11 21-01-2016 28-04-2017 1 0.0007 0.0219 0.0058 0.0037 0.0056 0 0.0007 0 0 0 0 0.0136 0.0016 | 0.0013 [ 0.001 0 0 0 0 0
Tab. 8. Results of testing the null hypothesis for up and down waves — WIG20 index
cC 0-0 0-C Overnight
Number | The vave beginning | - The wave end | Up or down vave Jarque-Bera | K-S | Lilliefors Cramer- Watson Anderson- Jarques | vitetors | ST | watson | 19T [A890  ol itetors | S| watson | 14RO (KU | ol ietors | S | wason | A19ETS0M
Von Mises -Darling -Bera Von Mises -Darling | Bera Von Mises -Darling | -Bera Von Mises -Darling
1 18-10-2000 02-02-2001 1 0.1965 0.1 0.3894 0.3498 0.3723 0.0015 0.0788 0.0799 | 0.0918 | 0.0386 | 0.3019 0.1 0.196 02492 | 0.1989 0.135 0.0357 0.009 0.0067 | 0.0124
2 02-02-2001 14-03-2001 | 0.3454 0.1 0.6739 0.7357 0.6582 053 0.1 04977 | 0.5089 | 0.5443 [ 0.4551 0.1 0.384 03445 | 03947 [ 0.9941 0.1 0.9726 | 0.9674 | 0.9634
3 14-03-2001 26-04-2001 1 0.5317 0.0898 0.3165 03217 0.2867 0.5134 0.0624 0.1121 0.1061 | 0.1827 [ 05155 0.0364 0.124 01219 | 01387 [ 0.2274 0.0163 0.0742 0.102 0.0719
4 26-04-2001 16-08-2001 | 0.7578 0.1 0.6772 0.6297 0.7268 0.706 0.1 08146 | 0.7862 | 0.7177 | 03164 0.1 02322 02394 | 02617 | 0.0928 0.1 0.5391 | 0.6425 [ 0.3785
5 16-08-2001 25-01-2002 1 0.0016 0.1 02114 0.2988 0.172 0 0.0113 0.0006 | 0.0003 | 0.0002 0 0.0136 0.0106 0.02 0.0048 0 0 0 0 0
6 25-01-2002 08-10-2002 | 0.1891 0.1 0.6 0.7101 0.5243 0 0.009 0.0059 | 0.0068 [ 0.0032 | 0.0008 0.1 0.0427 | 0.0408 | 0.0431 0 0.0029 0.0003 | 0.0002 0
7 08-10-2002 27-06-2007 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 27-06-2007 23-02-2009 Il 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 23-02-2009 07-04-2011 1 0 0.0004 0 0 0 0 0.0017 0 0 0 0 0.0001 0 0 0 0 0 0 0 0
10 07-04-2011 10-08-2011 I} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 10-08-2011 19-03-2012 1 0 0.0001 0 0 0 0 0.0014 0.0001 0 0 0 0.0034 0.0006 | 0.0003 | 0.0003 0 0 0 0 0
12 19-03-2012 05-06-2012 I} 0.2987 0.1 011 0.1328 0.1409 0.7921 0.1 0.8627 | 0.8505 [ 0.8626 | 0.7313 0.1 0.7806 | 0.7249 [ 0.6791 0 0.0919 | 0.0219 [ 0.0451 | 0.0086
13 05-06-2012 11-05-2015 1 0 0 0 0 0 0 0.0029 0.0001 0 0 0 0.0001 0.0001 0 0 0 0 0 0 0
14 11-05-2015 20-01-2016. I} 0 0.0229 0.0239 0.0219 0.0266 0 0.0003 0 0 0 0.0008 0.1 0.1105 | 0.0993 [ 0.0813 0 0 0 0 0
15 20-01-2016 25-04-2016 1 0.5924 0.1 0.5678 0.5308 0.5155 0.0001 0.1 0.0517 | 0.0385 0.029 0.0019 0.0672 0.0215 | 0.0149 0.197 0.1476 0.1 01722 | 01826 | 0.1757
16 25-04-2016 23-06-2016 | 0.8316 0.1 0.3738 0.3431 0.436 0.6338 0.01 0.8046 | 0.7835 | 0.7589 0.853 0.1 0.5926 | 0.5543 | 0.5638 | 0.0193 0.1 0.0804 0.119 0.0817
17 23-06-2016 02-03-2017 1 0 0.0151 0.0006 0.0004 0.0003 0 0.0232 0.0008 | 0.0004 [ 0.0001 [ 0.0195 0.1 0.1588 | 0.1382 | 0.1199 0 0 0 0 0
Tab. 9. Results of testing the null hypothesis for up and down waves — mWIG40 index
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes

& 0-0 0-C Overnight
Number | The wave beginning| ~ The wave end | Up or down wave — . ) . - ) — od ) S— o
JarqueBera | K-S | Lilliefors Cramer Watson Anderson Jarave-lye of ietors | €™ | watson | A0 19879 g6 tetors | €™ | watson [0 I e ietors | ™ | watson [0
Von Mises -Darling -Bera Von Mises -Darling | -Bera -Von Mises -Darling | -Bera Von Mises -Darling
1 20-10-2000 26-08-2002 | 0.0028 0,046 0.0095 0.0057 0.0068 0 00167 | 00027 | 00015 | 00027 | 0 0.0002 0 0 0 0 0 0.0002 | 0.0002 | 0.0001
2 26-08-2002 06-07-2007 i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 06-07-2007 18:02-2009 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 18022009 17:02:2011 i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 17022011 20-12:2011 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 20-12:2011 25-11-2013 i 0 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0003 0 0 0
7 25-11:2013 08-08-2014 1 0 00173 0.0015 0.0016 0.0003 0 0086 | 01146 [ 01024 [ 00287 | 0 00243 | 0011 | 0.0067 | 00015 | 0 0 0 0 0
8 08-08-2014 11052015 i 0.0913 0.0287 0.0609 0.0587 0.0712 0.0027 01 | 03205 | 0470 | 01767 | 03202 0.1 0.857 | 0.8506 | 0.6666 | 0 0.0002 0 0 0
9 11-05-2015 25082015 | 0 0.0001 0 0 0 0 0.0003 0 0 0 0 [ooo01] 0 0 0 0 0 0 0 0 0
10 25-08-2015 03-112015 1 03004 01 04297 04518 03028 0 00069 | 0.0014 | 00017 | 0.0003 | 05692 0.0 | 08057 | 0837 | 07958 | 0013 0.0 | 04507 | 05879 | 02418
11 03-11-2015 21-01-2016 1 02845 [ 00395 0,048 0.0389 0.3916 01 | 03157 |03731] 03238 | 0855 0.0 | 07211 | 0669 | 07249 | 0.0037 00004 | 00003 | 0.0007 | 0.0001
12 21-01-2016 17052016 i 03987 01 04177 0.4285 0.4688 0.0086 01 | 01541 {0284 | 04113 | 0 0.1 | 02428 [02265] 01826 | 0 0.0804 | 00161 | 0.0104 | 0.0098
13 17052016 24-06-2016 1 0.0016 0.029 0.0071 00139 0.004 0 00079 | 00003 | 00005 | 0.0001 | 0.0364 00326 | 00799 | 0.0618 | 00427 | 0 0 0 0 0
14 24-06-2016 07-03-2017 i 0 01 0.045 0.038 0.0287 0 00056 | 00039 | 0.0031 | 0.0011 0 0.1 | 00251 [00173 | 0.0084 | 0 0.0002 0 0 0
Tab. 10. Results of testing the null hypothesis for up and down waves — sWIG80 index
30 sessions 100 sessions 252 sessions
Jarque-Barre Shapiro-Wilk D’Agostino-Pearson Jarque-Barre Shapiro-Wilk D’Agostino-Pearson Jarque-Barre Shapiro-Wilk D’Agostino-Pearson
cC | 0-0 | O-C ov cC | 00| OC | OV CcC | 0-0 | OC ov C-C|{0-0|0-C| OV | C-C|0-0|0-C| OV | C-C|0-0(0-C|0O0V|C-C|0-0|0-C| OV | C-C|0-0|0-C| OV | C-C|0-0|0-C| OV
WIG-All 89 86 91 75 88 86 92 76 84 81 84 67 64 [ 59| 64 | 37 (64|61 [70[35]60 55|60 (342221191218 [24|26| 10|20 |19 |18 |11
WIG-Warset 91 86 91 71 90 87 92 72 85 81 84 62 61 [ 54| 64 | 24|64 |60 71 (24|57 [50[60|22)14(14]19] 2 [12(22|26| 3 [11|13[18] 2
WIG-Banki - All 90 90 85 82 89 90 87 82 85 85 9 71 68 [ 70 | 59 | 54 [ 73| 73 [ 61 | 57| 65|66 |54 |51 |25 |24 [22]21|32(29|28 |21 |23]22/20 |19
'WIG-Banki-Warset 90 91 86 82 90 91 87 82 85 86 79 76 69 [ 70 | 60 | 52 [ 73| 73 [ 62 55|66 |66 55|49 2625232235 (3129|201 |25]|24 (21|20
'WIG-Budownictwo-Warset 81 83 79 78 84 83 82 81 75 76 69 72 52| 55|51 |40 [ 58|59 56|44 |48 |51 (45|37 8 (18|12 8 |13 (2|11 |11 6 |16/ 8 8
'WIG-Budownictwo-All 83 83 79 80 86 85 82 83 77 77 70 74 55 (55|51 |43 [63 |61 [55[48 |51 5245|4110 (17 (11| 8 [12[18] 9 |10 8 |15|8 |38
WIG-CEE-All 80 85 70 59 85 83 63 62 73 73 60 50 45147 |33 | 10 [ 51|51 (31| 5 |40 41 (25| 8 |85 |0 |04 [1L]O)O0Of[6]|2[0]0O0
‘WIG-Chemia-Warset 89 86 76 80 90 88 76 84 84 78 68 74 59| 54|40 | 4366 |61 [38 56|53 |50 (37 3821183 |7 |33[28|5 |24|20|17|2]35
'WIG-Developerzy-Warset 87 84 89 76 89 88 90 80 82 78 82 72 520 52|59 |37 52|61 [66[46(49 5053 (354 (9 [12]5 |5 [15]15])4([4]|8[9]4
'WIG-Energia-Warset 90 83 85 74 90 87 87 75 84 74 80 67 65| 43|56 | 45 [ 77 | 58 [ 59 [ 46 |60 [36 [ 53|42 )26 0 [16] 8 |39 1 |24 9 [24]|0 [16] 7
‘WIG-Informatyka-All 88 86 80 79 89 89 82 82 82 79 74 72 54162 | 44 | 46 [ 61 | 65 (45 [ 53|49 (58 [40 |42 | 14 (34| 7| 9 |13[33| 8 |10|12]|32|5]7
‘WIG-Informatyka-Warset 87 84 81 77 87 88 82 9 80 77 74 69 48 | 57 | 44 | 40 [ 56 | 61 (46 |47 |43 [ 54 [ 40|35 9 (31| 7|6 |7 [30|8|7[7|3|5]4
WIG-Media-Warset 86 86 79 85 90 89 84 86 78 79 74 79 59 [ 5351|5471 |63 [65[61 |54 (48 [45|48 |16 1117 7 |32 14|25 | 1214 |11 [15] 6
‘WIG-Paliwa-Warset 90 89 91 87 91 90 92 88 86 82 85 83 69 | 64|66 | 61 [ 77 | 80 [ 66 | 66 | 65 | 60 | 62 | 56 | 31 [ 26 [ 26 | 16 | 53 | 40 | 28 | 23 | 26 | 22 | 24 | 15
'WIG-Poland-All 90 88 86 85 88 88 89 84 84 82 8 79 64 | 64| 58 | 54 [ 64| 6361 [ 56|60 |60 |53]50)23 (2714|1719 (27| 13| 1720|2513 |16
WIG-Poland-Warset 92 90 86 85 91 90 89 84 86 84 79 79 63 [ 64|59 |49 [ 66 | 64 [ 6255|5858 |54 |46 |15 (2314|1014 (27| 13|14 13|22 (13| 9
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes

30 sessions

100 sessions

252 sessions

Jarque-Barre Shapiro-Wilk D’Agostino-Pearson Jarque-Barre Shapiro-Wilk D’Agostino-Pearson Jarque-Barre Shapiro-Wilk D’Agostino-Pearson

CC | 0-0 | O-C ov cC | 00 | O-C ov cC | 00 | O-C ov C-C|0-0|0-C| OV | C-C|0-0[0O-C| OV [ C-C[0-0[0O-C[O0V|C-C|0-0([0-C| OV [C-C[0-0(0O-C| OV | C-C|0-0|0-C| OV
WIG-Spozywezy-All 81 85 77 73 80 85 78 73 73 78 69 65 45 [ 44 | 40 | 27 [ 46 | 46 | 41 [ 30 |39 |40 [ 36|23 ]| 10| 6 6 1| 14]7 7 5 9 5 5 1
WIG-Spozywezy-Warset 81 86 78 7 81 87 78 72 73 78 70 64 43 | 42140 | 23|45 |44 (42|26 |38 [39(36 20 (11|66 |0 |14]6]|8[4][10[5]5]0
WIG-Surowcowy-Warset 87 80 80 80 87 83 84 80 81 74 73 74 55|40 | 37| 49 | 66 |49 [49 |57 |53 (37 (35|46 (16| 1 [ 5|9 |14[13] 6 [15[15[ 1|4 |38
WIG-Telekom-All 86 89 82 87 89 89 81 86 79 82 73 82 63 | 67 | 46 [ 62 | 67 | 69 | 49 | 67 | 60 | 64 | 42 [ 59 | 38 [ 33 [ 11 [ 30 [ 40 [ 33 [ 14 | 36 | 37 | 32 [ 10 | 29
WIG-Telekom-Warset 84 87 82 85 87 88 82 85 7 80 73 80 58163 | 47 [ 58| 63|66 |50 | 63|56 |60 |42 55|37 |31 123239311536 |35]30]11 30
WIG-Ukraina-Warset 83 81 74 7 83 83 78 2 7 72 65 61 58135382559 (35|51 335434 [35[20[13[6 1[0 [258 41 [11][4]0]0
WIG20-All 92 91 91 Wi 91 91 90 78 86 85 87 70 71|68 | 68 |37 73|75 | 73|37 |67 6565342627318 [31[33[37[10|23]25]30]|7
WIG20-Warset 94 91 91 75 92 91 91 76 88 85 86 68 TLL 6567 [ 29|73 |74 |73[29(66 6264262222285 [27 (28|35 6 18|21 26| 3
WIG20TR-Warset 93 95 87 94 94 95 90 93 87 90 81 88 66 | 73| 54 [ 65| 72(76|60|72]63[70|50/61 17|23 |17 13|26 (3529|2314 [20 16|11
WIG30-Warset 87 85 83 62 87 86 84 63 79 75 v 55 46 | 44 [ 53 [ 12 [ 50 |44 |63 | 13 (44 [ 41 [ 48[ 10 [ 16 [ 11 [ 12 0 [14 (12210 [15[11[ 9 [0
WIG30TR-Warset 86 88 84 85 87 92 88 87 80 83 81 7 46 | 60 [ 59 [ 42 | 51| 63| 62|48 |44 [ 56 |57 [ 37 [ 1528 (26| 2 [14 46 |28 11 13|26 |24 | 2
WIG-DIV-Warset 84 85 83 65 82 85 83 70 78 81 75 60 48 | 54 | 54| 18 | 52|55 [ 58 | 20 | 46 [ 50 | 49 [ 17 [ 18 | 14 [ 26| 0 |19 [ 22|35 0 [ 16 [ 13|24 | 0
mWIG40-All 86 83 87 67 86 85 88 68 79 76 80 59 45 [ 41 [ 54 [ 17 [ 50 |50 {59 |20 (42 (37 [49 (15| 8 [ 7 (1S5[0 [ 9 [ 9 [21(0 |7 |7 [14]0
mWIG40-Warset 85 83 86 65 85 86 88 66 78 76 79 57 43140 [ 52 [ 15|46 | 48 |58 | 18 [ 39 (36 |46 [ 13| 7 [ 8 [11 [0 [ 8 [10[17 [0 |7 [ 8 [10| 0
SWIGS0-All 82 79 79 74 83 81 80 74 7 72 72 68 A7 [ 45140 [ 36 | 49 | 49 |43 |39 |43 [ 4236 [ 34 [ 17 [ 14 [ 8 [ 8 [21 [ 17 [ 12 9 (17|14 | 7 | 8
SWIGO-Warset 79 75 80 68 80 7 81 68 73 67 2 61 40 [ 37 [ 41 [ 25|43 |42 |44 |30 (37 (34|37 (24 |13[ 6 [9 [0 [17[9 131 [13]6|8]0
NClIndex-Warset 90 88 88 67 88 87 89 68 84 82 82 61 64 [ 66 [ 60 [ 32|70 |70 |68 |35|60 65|58 |31 |29 32357 36|40 |45 8 2831|347
Investorms 81 82 79 7 82 81 81 71 75 75 2 66 36 [ 3538 [ 17|37 39|42 |18 [31 3235 (15[ 0 (4[4 [0 [1[3[4[0[0][3]4]0
Respect 85 86 82 74 87 86 86 7 78 80 71 64 56 | 56 | 48 [ 27 | 63 | 64 | 54 |34 [ 5151|4224 |16 1316 | 3 [22(27 23| 3 |14 [12[15] 3
Tab. 11. The percentage of cases where there was no reason to reject the null hypothesis
for K = 30, K = 100 and K = 252 sessions
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4.3. Testing Hypotheses for K = 30, K = 100 and K = 252 Sessions,
and Related Statistics

The tests for all indexes for K = 30, 100 and 252 sessions were performed
with the application of Jarque-Bera, Shapiro-Wilk and D’Agostino-Pearson
tests. The choice of K = 30 is due to the fact that, with a sample size of
about 30 elements, it is assumed that the t-student distribution is close to
the normal distribution. In turn, K = 252 corresponds to approximately
the number of sessions per year, and K = 100 is the intermediate between
K = 30 and K = 252 and corresponds to the number of sessions in about
4 months (assuming 25 sessions per month). In technical analysis, 100 ses-
sions moving average represents a medium term investment horizon. The
results are shown in Table 11 and in Figures 2-6.

Increasing the parameter K leads to a decrease in the percentage of
cases where there was no reason to reject the null hypothesis. This tendency
is especially noticeable in the case of overnight rates of return. This fact
is in line with the expectations because only in very few cases significant
events taking place in the company’s environment result in a meaningful
deviation of the opening price in relation to the last closing price. In this
case, a significant percentage of returns is close to zero. For C-C, O-O
and O-C rates of return, a broader horizon of observation was required to
increase the percentage of cases where there was no reason to reject the
null hypothesis. This drift was common for all four main WSE indexes:
WIG, WIG20, mWIG40 and sWIGS80.
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»»»»»»»»»»»»»» D’Agostino-Pearson Shapiro-Wilk - - - - Jarque-Bera P value 0.05

Fig. 2. Value of the parameter p for the WIG index in the period 2 January 2015 — 31 March
2017 when carrying out three different tests and K = 30
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes
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Fig. 3. The percentage of cases where there was no reason for rejecting the null hypothesis
for WIG index returns with the use of Jarque-Bera test, depending on K (change of K:
every 1 unit)
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Fig. 4. The percentage of cases where there was no basis for rejecting the null hypothesis
for WIG20 index returns with the use of Jarque-Bera test, depending on K (change of K:
every 5 units)
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Fig. 5. The percentage of cases where there was no basis for rejecting the null hypothesis
for mWIG40 index returns with the use of Jarque-Bera test, depending on K (change of
K: every 5 units)
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Fig. 6. The percentage of cases where there was no basis for rejecting the null hypothesis
for sSWIG80 index returns with the use of Jarque-Bera test, depending on K (change of
K: every 5 units)
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Normal Distribution of Returns of Warsaw Stock Exchange Indexes
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Fig. 7. The percentage of cases where there was no basis for rejecting the null hypothesis
for the returns of the four main indexes with the use of Jarque-Bera test, depending on
K (change of K: every 5 units) and C-C rates of return

For a small K, the highest percentage of cases where the null hypothesis
was not rejected was observed for the WIG20 index, followed by WIG,
mWIG40 and sWIG80 - see Figure 7. With the increase of the param-
eter K, this order has changed to: WIG20, WIG, sWIG80 and mWIGA40.
For K = 250, the percentage of instances of non-rejection of the null
hypothesis was roughly the same for sWIG80 and WIG, while for K = 30
the difference was equal to 12.4 percentage points.

Table 12 presents indexes according to the proximity of the distribution
of return rates of these indexes to the normal distribution. The ranking
was prepared only for the indexes the publishing of which by WSE began
before 31 December 2016.

30 sessions 100 sessions 252 sessions Global

ccloo|loc|ov|cc|loo|oc| ov|cc|o00]|ocC| ov |ranking
WIG-All 13| 18 412 | 1 16 50 21 2] 16 | 10| 10 12
WIG-WARSET 7| 14 5027 | 14| 21 30 28 [ 27 | 22| 11| 26 16
WIG-Banki — All 9 5 16 9 6 2 11 5 8 | 12 8 4 5
WIG-Banki-WARSET 6 30 14 | 10 4 3 8 8 6 9 7 3 3
WIG-Budownictwo-WARSET | 30 | 29 | 30 | 15 | 22 | 18 | 20 | 17 | 29 | 17 | 23 | 11 24
WIG-Budownictwo-All 26 | 25 | 28 | 12| 20 | 17 [ 21 | 14 | 28 | 19| 25| 14 2
WIG-CEE-All 32| 30 | 35 | 35 | 30 | 24 | 35 | 35 [ 33 |3 | 35 |35 35
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30 sessions 100 sessions 252 sessions Global

cc|oofoc|ov|cc|oo|oc| ov|cc|oo]|oc| ov |ranking

WIG-Chemia-WARSET 11 16 34 11 15 19 32 12 9 15 33 14 18

WIG-Developerzy-WARSET 15 21 6 16 23 23 8 18 34 25 21 23 19

WIG-Energia-WARSET 8 28 15 22 6 26 13 14 5 35 13 18 15

WIG-Informatyka-All 14 15 24 14 21 12 26 1 24 3 28 14 17

WIG-Informatyka-WARSET 18 22 20 17 25 16 25 17 31 5 27 20 21

WIG-Media-WARSET 18 14 23 6 13 20 17 6 14 24 12 17 14
WIG-Paliwa-WARSET 5 8 1 2 4 8 4 3 3 8 6 5 1
WIG-Poland-All 12 10 13 8 10 1 12 7 11 10 16 6 7
WIG-Poland-WARSET 4 7 1 7 12 1 10 10 21 13 18 8 10
WIG-Spozywezy-All 33 23 32 24 31 28 33 26 27 29 30 26 30
WIG-Spozywczy-WARSET 34 19 31 27 33 31 29 29 25 33 29 27 33

WIG-Surowcowy-WARSET 16 32 23 13 17 31 32 9 18 33 31 9 25

WIG-Telekom-All 19 9 25 3 9 8 24 2 1 3 22 2 8
WIG-Telekom-WARSET 23 12 21 6 16 9 23 4 3 6 18 1 11
‘WIG-Ukraina-WARSET 28 33 33 28 18 35 29 27 20 33 34 29 33
WIG20-All 3 4 2 18 1 4 1 19 8 8 2 15 4
‘WIG20-WARSET 1 2 4 19 2 6 2 24 10 14 3 22 6
WIG20TR-WARSET 2 1 8 1 7 1 15 1 16 1 10 7 2
WIG30-WARSET 20 24 17 34 28 28 15 34 19 24 20 35 27
WIG30TR-WARSET 21 6 12 4 26 13 9 15 22 4 6 21 13
WIG-DIV-WARSET 27 20 18 31 24 23 18 30 15 19 4 30 23
mWIG40-All 22 26 9 32 30 29 16 31 30 27 15 35 28
mWIG40-WARSET 25 27 1 33 32 32 19 33 32 26 20 35 29
sWIGS0-All 29 34 29 22 28 25 30 21 13 22 26 16 26
sWIG0-WARSET 35 35 26 29 34 33 27 25 23 28 24 28 33
NCIndex-WARSET 10 12 7 31 8 5 6 22 4 3 1 19 9
Investorms 31 31 27 25 35 35 34 32 35 34 32 31 34
Respect 24 18 19 23 20 14 22 23 17 20 14 24 20

Table 12. Ranking of WSE indexes according to the proximity of their rates of return to
the normal distribution

For example, for K = 30 sessions and C-C rates of return, the first
three places were ranked as follows: WIG20-Warset, WIG20TR-Warset and
WIG20-All, while the last three were listed in the following order: WIG-
Spozywcezy-All, WIG-Spozywczy-Warset and sWIG80-Warset.
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In turn, in the global ranking, the top three places were: WIG-Paliwa-
WARSET, WIG20TR-WARSET and WIG-BANKI-WARSET, and the last
three: sSWIG80-WARSET, Investorms and WIG-CEE-AIL

4.3. Average, Maximum and Minimum Values for All Index Statistics
for K = 30, K = 100 and K = 252 Sessions

The mean, maximum and minimum values for all indexes published by
the Warsaw Stock Exchange, for three types of tests and for three values
of the parameter K (30, 100 and 252 sessions) and for different rates of
return (CC, OO, OC and Overnight) are presented in Figures 8-11. The
average, maximum and minimum values were the smallest for K = 30. In
turn, for K = 100 and 252, these differences become higher but comparable.
On the other hand, the average, maximum and minimum frequency values
tend to decrease with increasing parameter K.
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The following scheme of abbreviations is used for the values on the horizontal axis: the first two letters
are the abbreviation for the appropriate test (JB — Jarque-Bera, SW — Shapiro-Wolf, DP — D’Agostino-
Pearson) followed by numbers representing the parameter K (30, 100 or 252). So, the shortened from
JB30 stands for a Jarque-Bera test for K = 30 sessions.

Fig. 8. Average, maximum and minimum values for all analyzed indexes, different test
types, different parameters K and C-C rates of return
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Fig. 9. Average, maximum and minimum values for all analyzed indexes, different test
types, different parameters K and O-O rates of return
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Fig. 10. Average, maximum and minimum values for all analyzed indexes, different test
types, different parameters K and O-C rates of return
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Fig. 11. Average, maximum and minimum values for all analyzed indexes, different test
types, different parameters K and overnight rates of return

5. Conclusions

The conducted study is the first study concerning the distribution of
return rates of Polish stock market indexes in a different system than C-C,
i.e. O-C, overnight and O-O. Some of the calculations prove unequivocally
that the distributions of index returns, published by the WSE, are not nor-
mal distributions, thus confirming the results obtained by other researchers
such as Bott and Mifobedzki, Osiniska, Rokita Witkowska and Kompa (Boit
& Mitobedzki, 1994; Osinska, 2006; Rokita, 2000; Witkowska & Kompa,
2007). This remark applies mainly to C-C rates of return. The paper also
proves that the distribution of the remaining returns, i.e. O-O, C-O and
overnight, calculated for the analyzed WSE indexes does not follow a path of
a normal distribution. Furthermore, it has been proved that the distribution
of returns can be normal only at given time intervals. The obtained results
are consistent with those of Piasecki and Tomasik, who proved the normal
distribution of returns in certain upward and downward price movements
(C-C regime) (Piasecki & Tomasik, 2013). Due to precise moments of pos-
sible transactions proceedings (Close or Opening), the obtained result can
be implemented in investment strategies.

With the use of the parameter p, also a stock index ranking was created,
due to the possibility of approximating the distribution of index returns
with the normal distribution for the time horizon of K = 30, K = 100
and K = 252 sessions. As a result, it was found that the position of the
index in the ranking is not dependent on the date of its first publication,
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and hence on the number of rates of return possible to calculate for the
analyzed index, but on the distribution of these rates of return.

The analysis of the results obtained for K = 30 sessions concludes that,
for such a short time interval, a sharp index change leads to a violent
decrease in the value of the parameter p. This process is illustrated in
Figure 12, which includes WIG20 index returns (C-C), the parameter p and
the annualized standard deviation of returns. For example, with a strong
increase in volatility on 21 August 2015, the value of p dropped below the
trigger value of 0.05. Explaining the decrease in the value of the parameter
p below 0.05 for K = 100 and K = 252 sessions becomes a more complex
issue and requires further investigation.

Similar studies regarding a normal distribution of rates of return should
also be conducted for commodities and FX market. Another direction of
research may be an attempt to determine mathematical functions describing
the observed rates of return in various segments of the financial market.
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Fig. 12. The p parameter chart for the WIG20 index, K = 30, the Jarque-Bera test, the
return rate (C-C) and the annualized standard deviation (p-value and level 0.05 — left scale,
C-C return and standard deviation — right scale)
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