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Abstract: This paper presents a set of stylized empirical facts resulted from the
statistical investigation of the daily and monthly price variations of European stock market
indices during the period April 2007 - March 2012. We study 21 regional and global stock
market indices calculated by MSCI Barra, divided into three categories: mature, emerging
and frontier markets. Our analysis confirms most of the stylized facts introduced by Cont
(2001) but finds that frontier markets showed less volatility than emerging and developed
markets and that monthly squared returns presented less evidence of autocorrelations in
comparison with the daily squared returns.
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1. Introduction

This article presents some statistical properties for European stock index returns
during April 2007 and March 2012. We followed the work of Bekaert et al. (1997, 1998 and
2005), Peiro (1999), Cont (2001), Harrison et al. (2010) and other authors interested about the
characteristics of the distribution of financial assets returns, on different frequencies, and their
practical significance for portfolio allocation and investment decisions.

Our original contribution is represented by a comparative approach that is based on
three different dimensions: (1) at first we were interested to find the statistical differences of
stock market returns between mature, emerging and frontier markets; (2) subsequently we
looked for particularities of monthly returns that are different from ones of the daily returns;
(3) and in the end we compared the statistical properties of returns during periods of up-trend
and down-trend.

Our conclusions are relevant for money managers and investors since they show the
importance and efficiency of portfolio diversification among different categories of
international markets, on different time horizons and during different states of market cycle.

The rest of the paper is organized as follows: section 2 describes the data that we
worked with and the methodology that we have used; section 3 presents the results that we
have obtained; and section 4 summarizes the most important conclusions.

2. Data and methodology

In our study we used the non-tradable stock market indices computed by the
international financial advisory company MSCI Barra.

For our research purpose we have selected 16 European stock markets, 2 international
markets and 3 global stock market indices (needed in order to be able to make comparisons of
the results). All those 21 indices were grouped in three categories: 6 developed market
indices, 6 emerging market indices and 6 frontier market indices. We have collected daily and
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monthly prices of these indices for the period April 2007 — March 2012. Because the price
time series are not stationary, we transformed all the 21 price time series into returns time
series.

Regarding the returns estimation, as Strong (1992) pointed out “there are both
theoretical and empirical reasons for preferring logarithmic returns. Theoretically, logarithmic
returns are analytically more tractable when linking together sub-period returns to form
returns over long intervals. Empirically, logarithmic returns are more likely to be normally
distributed and so conform to the assumptions of the standard statistical techniques”. This is
why we decided to use logarithmic returns in our study since one of our objectives was to test
of whether the daily returns were normally distributed or, instead, showed signs of asymmetry
(skewness). The computation formula of the daily returns is as follows:

Ri; = Ln (&) (1)
’ Pit—
where R;, is the return of asset 7 in period #; P;, is the price of asset i in period ¢ and P;,.; is the
price of asset 7 in period - 1.

As a result of this initial data gathering we obtained 21 time series of log-returns, each
with 1295 daily observations and 60 monthly observations.

For those 21 time series and two return frequencies we have computed the mean,
standard deviation, skewness and kurtosis and also we have applied the Jarque Bera test of the
normality of distribution of the daily returns.

3. Results and interpretations

The first step in investigating the properties statistical represents the calculation of the
averages, variances, the asymmetry coefficients and the flattening coefficient. The results
obtained for the daily series of returns are presented in the table below. The specific parts for
the monthly data will be will be discussed in the second part of this study.

Based on the table below we can already confirm that, for all the European stock
markets included in this study, even though we speak about mature markets, emerging or
frontier markets, even though the study is done on general indexes or on individual markets,
the average of the long-term daily returns tends to zero. Also, included for all the markets in
this study, we confirm that the average is statistically significantly close to the value of the
median. Apart from observing the effective values from Table 1, these statements have been
confirmed also by running the t-statistic test for the hypothesis of an average equal to 0 and
respectively by the Sign, Wilcoxon and Van der Wareden tests for the hypothesis of a median
equal to 0 in the case of all the 21 assets.

Table 1. Descriptive statistics for the series of daily returns

Std. Skew- p-

Medie Mediana Maxim Minim Dev. ness Kurtosis Jarque-Bera v.

Austria -0.0010 0.0000 0.1277 -0.1119 0.0225 -0.026 6.951 841.994 0

»  Franta -0.0004 0.0000 0.1036 -0.0932 0.0174 0.099 7.899 1,296.085 0
% Germania -0.0002 0.0000 0.1113 -0.0739 0.0169 0.130 8.245 1,486.650 0
§ Italia -0.0008 0.0000 0.1100 -0.0864 0.0184 0.043 7.269 982.833 0
2 WK -0.0003 0.0004 0.0950 -0.0938 0.0164 -0.106 8.711 1,761.008 0
= SUA 0.0000 0.0007 0.1044 -0.0915 0.0165 -0.151 9.026 1,962.978 0
DM _Index -0.0001 0.0007 0.0850 -0.0696 0.0124 -0.220 8.684 1,752.461 0
China 0.0001 0.0002 0.1404 -0.1171 0.0224 0.171 7.665 1,179.811 0

E Cehia -0.0002 0.0004 0.1675 -0.1568 0.0192 -0.287 16.662 10,081.670 0
Ungaria -0.0006 -0.0002 0.1733 -0.1999 0.0270 -0.028 9.208 2,077.982 0
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Polonia -0.0004 0.0000 0.1125 -0.1124 0.0222 -0.223 6.335 610344 0
Rusia -0.0002 0.0007 0.2376 -0.2334 0.0274 -0.294 18.032 12,201.200 0
Turcia 0.0000 0.0002 0.1484 -0.1243 0.0246 -0.065 6.736 753310 0
EM Index 0.0001 0.0006 0.1008 -0.0848 0.0151 -0.123 9.051 1,977.405 0
Bulgaria -0.0015 0.0000 0.1105 -0.1605 0.0193 -1.456 15.560 8,962.712 0
#  Croatia -0.0005 -0.0002 0.0998 -0.0803 0.0130 -0.199 13.701 6,182,963 0
% Estonia -0.0005 0.0000 0.1241 -0.0924 0.0192 0.244 7.264 992929 0
g Romania -0.0007 0.0000 0.1043 -0.3358 0.0242 -2.179 32.879 49,158.980 0
é Slovenia -0.0007 0.0000 0.0915 -0.0883 0.0139 -0.404 11.285 3,735.895 0
® Serbia -0.0013 -0.0008 0.1502 -0.1725 0.0247 -0.352 11.196 2,847.822 0
FM Index -0.0004 0.0004 0.0458 -0.0688 0.0104 -1.187 9.449 2,546.213 0

Source: MSCI Barra, calculations made by the author

The results of the Sign, Wilcoxon and Van der Wareden tests from above are

presented in Table 2 and show that we cannot reject the null hypothesis (the mean = 0 and that
median = () at the maximum permissible error level of 1% for none of the markets included
in the study.

In this situation, we confirm that for all the investigated assets, the average and the
median for the daily returns does not differ significantly from zero: Also, we can statistically
test if the affirmation that states that the averages and the medians for all the 21 temporal
series with daily frequency are equal is valid.

In order to test the equality of the medians we used the F test (ANOVA version and
the Wech version), and for equal medians we used Chi squared tests, Kruskal-Wallis and Van
der Waerden as seen in Table 3. The results for these tests are presented below in table 3 and
show indeed that we have additional statistical arguments to state that medians and averages
of the series for daily returns in all 21 studied assets are equal and have the value zero.

Table 2. The results for the statistic tests for the null hypothesis for the average=0 and
the median=0 for the of daily returns series

average=0 median=0
t-statistic Sign (e)_(act Sign (normal Wilcoxon van der Waerden
binomial) approx.) signed rank (normal scores)
p-value p-value p-value p-value p-value
Mature markets Austria 0.1297 0.627 0.627 0.385 0.2314
Franta 0.3651 0.9328 0.9328 0.7036 0.4759
Germania 0.5985 0.4139 0.4139 0.8543 0.8581
Italia 0.1075 0.9775 0.9775 0.3759 0.1942
UK 0.5696 0.1688 0.1688 0.8069 0.8561
SUA 0.9677 0.0231 0.0231 0.2718 0.5542
DM Index 0.6927 0.0241 0.0241 0.2735 0.7173
Emergent markets China 0.8406 0.4512 0.4512 0.7187 0.8293
Cehia 0.7092 0.3873 0.3873 0.724 0.9393
Ungaria 04278 0.6551 0.6551 04414 04013
Polonia 04777 0.8011 0.8011 0.9433 0.7087
Rusia 0.7712 0.3156 0.3156 0.4561 0.7295
Turcia 0.9551 0.7174 0.7174 0.7222 0.8872
EM Index 0.8556 0.0846 0.0847 0.2327 0.4815
Frontier markets Bulgaria 0.0146 0.1298 0.1298 0.0373 0.0253
Croatia 0.1527 0.0547 0.0547 0.2115 0.2062
Estonia 0.3382 0.0652 0.0652 0.1077 0.1431
Romania 0.3247 0.9554 0.9554 0.7718 0.6253
Slovenia 0.055 0.1528 0.1528 0.0611 0.0632
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Serbia 0.0925 0.0184 0.0184 0.0106 0.0235
FM_Index 0.1632 0.1259 0.126 0.5437 0.8401
Source: MSCI Barra, calculations made by the author

Returning to the other statistical characteristics of daily returns on stock markets, from
Table 1 we observe that for all the 21 investigated assets, the standard deviation is higher than
the value of the average (which we saw above that we can approximate to zero). This study
confirms similar findings of previous research.

Interestingly, the results presented in Table 1 show us that we do not have enough
statistical arguments to affirm that volatility (risk), measured by standard deviation (and
implicitly by variance) is higher for emerging stock markets. Although, as we can observe,
standard deviation values for most of the six mature stock markets included in the study
present lower figures compared with those of emerging and frontier markets, however the
standard deviation for the daily returns in Austria is 0.0225 which exceeds the values for most
emerging and frontier markets. This unusual situation is maintained also when we analyze the
global indices.

The statistics presented in Table 1 show that for all the 21 assets studied, the kurtosis
value (coefficient of vaulting) is higher than 3 (the specific value of normal distribution). This
situation shows that the distributions of stock’s daily returns are mostly leptokurtic, sharper
than the normal distribution, with many values concentrated around the average values and
thicker tails means high probability for extreme values (i.e. higher risks). Within the sample
that contained mature markets, the kurtosis value does not exceed 10, showing the lowest
levels. The highest levels of kurtosis are found for the frontier stock markets, which according
to the figures from above signify a higher risk of investments in undeveloped markets
compared to mature markets, findings that confirm results of previous similar studies.

Table 3. The results of statistical tests for the equality of averages and medians for the
series of daily returns

Welch F-
Anova F-test test
p-value p-value

Null hypothesis: 0.924 0.907
"all averages are
equal"

Med. Chi- Kruskal- van der

squared Wallis Waerden
Null hypothesis: 0.000 0.267 0.617
"all medians are equal"

Source: MSCI Barra, calculations made by the author

Taking into account that the period analyzed in this study includes both a crisis cycle
on the stock markets (with large and persistent declines in the period starting from June 2007
until February 2009) and an accelerated growth phase (between March 2009 - April 2012),
offers us motifs to study the behavior of standard deviation and maximum amplitude of
variation for the two different stages. The result of this investigation is shown below in Table
4 and indicates that for all the 21 assets, the maximum variation amplitude during a trading
session was lower during the upward trend compared to the crisis period.
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At same the time we observe that for all 21 assets, their corresponding standard
deviations had lower values during the upward trend compared with the values during the
Crisis.

Therefore this study confirms previous research findings, according to which the
volatility of daily returns is amplified during downturns. The behavior characteristic of the
daily stock returns is easily visible in Figure 3. Likewise, we observe that periods of high
variance correspond to periods of high amplitude for daily returns.

Figure 1. Comparison between actual probability distributions and the normal
distribution of series of daily returns
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Source: MSCI Barra, calculations made by the author

Table 4. The evolution of volatility and business cycle asymmetry on the types of stock
markets

Standard period Only the crisis Only the upward trend
Std. Dev. Skewness Ampl. max Std. Dev. Skewness Ampl. max Std. Dev. Skewness

EE Austria 0.0225 -0.026 0.1277 0.0269 0.098 0.0962 0.0195 -0.037
E Franta 0.0174 0.099 0.1036 0.0203 0.231 0.0883 0.0154 0.018
% Germania 0.0169 0.130 0.1113 0.0193 0.450 0.0601 0.0152 -0.161
§ Italia 0.0184 0.043 0.1100 0.0193 0411 0.1043 0.0179 -0.207
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UK 0.0164 -0.106 0.0950 0.0211 0.048 0.0642 0.0128 -0.146
SUA 0.0165 -0.151 0.1044 0.0218 0.000 0.0693 0.0124 -0.188
DM_INDEX 0.0124 -0.220 0.0850 0.0158 -0.029 0.0522 0.0097 -0.270
China 0.0224 0.171 0.1404 0.0301 0.221 0.0648 0.0163 0.086
£ Cehia 0.0192 -0.287 0.1675 0.0254 -0.257 0.0731 0.0144 0.018
fé Ungaria 0.0270 -0.028 0.1999 0.0303 -0.146 0.1478 0.0249 0.172
E Polonia 0.0222 -0.223 0.1125 0.0251 -0.306 0.0985 0.0202 -0.023
g Rusia 0.0274 -0.294 0.2376 0.0356 -0.189 0.1018 0.0210 -0.148
® Turcia 0.0246 -0.065 0.1484 0.0323 0.055 0.0834 0.0186 -0.096
EM Index 0.0151 -0.123 0.1008 0.0197 0.014 0.0498 0.0115 -0.093
Bulgaria 0.0193 -1.456 0.1605 0.0255 -1.536 0.0686 0.0143 0.132
2 Croatia 0.0130 -0.199 0.0998 0.0170 0.031 0.0736 0.0098 -0.280
f‘e Estonia 0.0192 0.244 0.0828 0.0193 -0.410 0.1241 0.0190 0.662
g Romania 0.0242 -2.179 0.3358 0.0291 -3.178 0.1285 0.0205 -0.056
g Slovenia 0.0139 -0.404 0.0915 0.0190 -0.282 0.0670 0.0098 -0.231
= Serbia 0.0247 -0.352 0.1725 0.0379 -0.354 0.1233 0.0200 0.450
FM Index 0.0104 -1.187 0.0688 0.0127 -1.511 0.0458 0.0088 -0.214

Source: MSCI Barra, calculations made by the authors
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In order to highlight the evolution of the correlation coefficients we used a sample size
calculation "rolling" of 130 days (the equivalent of six calendar months of stock trading). The
result is shown below in Figure 3 and demonstrates that the value of the correlation
coefficient varies over time and their evolution is likely influenced by the stock market
situation. For example we observe that during periods of declining stock markets (2007-2008
and then the end of 2010 until mid 2011) the intensity of correlations between all types of
markets has been growing, while during periods of an upward trend (2009 and early 2012) the
correlation coefficient values are reduced.

We test the presence of the phenomenon of autocorrelation for daily returns by using
AC functions ("autocorelation") and CAP ("partial-autocorelation"), for correlations between
the current returns and the previous 100 past returns, for all the 21 assets that were analyzed.
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The values of autocorrelation coefficients and partial autocorrelation respectively show that
the phenomenon of autocorrelation in daily returns is not present.

In the second part of the paper we analyzed the behavior of low frequency returns
(using monthly data) for the 21 assets. Similar to the approach in the first part of this paper,
we have calculated the average, variance, the coefficient of asymmetry (skewness) and the
flattening coefficient (kurtosis) for the monthly returns. The results are presented in Table 5
below.

Figure 3. Evolution of the correlation coefficients between global indices for
mature markets, emerging and frontier markets
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As it can also be observed in the case of the monthly returns, we do not have enough
statistic arguments to affirm that the average is not equal to zero. This is confirmed both by
the values offered in the table and by the t-statistic test applied to each of the 21 monthly time
series. At same the time, similar to the situation of the daily returns, the F statistical test
(ANOVA and Welch variants) indicate that the value of the averages are equal for all 21
series of monthly returns that were analyzed.

Table 5. Descriptive statistics for the series of monthly returns

Std. Skew- Jarque-

Average Median Max Min Deyv. ness Kurtosis Bera p-value

Austria -0.0197 -0.0150 0.1758 -0.3650 0.0997 -1.07 522 23.3857 0.000
France -0.0085 -0.0087 0.1197 -0.1517 0.0594 -0.36 2.74 1.4339 0.488
Germany -0.0045 0.0057 0.1451 -0.2075 0.0681 -0.68 3.75 5.9795 0.050

Italy -0.0164 -0.0233 0.1714 -0.1672 0.0684 0.04 297 0.0151 0.992

UK -0.0055 0.0010 0.1167 -0.1216 0.0518 -0.32 291 1.0090 0.604

uD -0.0002 0.0010 0.0922 -0.1029 0.0469 -0.36 245 1.9981 0.368

E DM _INDEX -0.0027 0.0029 0.1055 -0.1090 0.0463 -0.39 2.92 1.5453 0.462
@, China 0.0021 0.0116 0.1605 -0.2555 0.0865 -0.76 341 6.1297 0.047
@E Czech Rep. -0.0039 -0.0074 0.1685 -0.2465 0.0721 -0.37 4.66 8.1727 0.017
:_]E)g Hungary -0.0116 0.0069 0.2259 -0.4660 0.1185 -0.96 5.37 22.7556 0.000
Poland -0.0092 -0.0014 0.2356 -0.3110 0.0992 -0.33 4.00 3.5361 0.171
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Russia -0.0049 0.0117 0.1997 -0.3327 0.1064 -0.65 3.54 4.9252 0.085
Turkey -0.0005 0.0033 0.2588 -0.3183 0.1182 -0.23 3.52 1.1591 0.560
EM_Index 0.0016 0.0068 0.1528 -0.2193 0.0695 -0.69 3.83 6.3317 0.042
Bulgaria -0.0326 -0.0108 0.2339 -0.5339 0.1179 -1.60 8.22 92.0749 0.000
@ Croatia -0.0115 -0.0154 0.1835 -0.2659 0.0754 -0.63 5.78 22.8355 0.000
% Estonia -0.0117 0.0062 0.4322 -0.3796 0.1158 0.34 6.61 33.2325 0.000
§ Romania -0.0146 0.0186 0.2774 -0.5980 0.1423 -1.40 6.71 52.9945 0.000
é Slovenia -0.0163 -0.0108 0.1645 -0.1712 0.0622 -0.37 4.11 4.3181 0.115
* Serbia -0.0278 -0.0071 0.3537 -0.6457 0.1719 -1.13 5.99 26.8283 0.000
FM Index -0.0089 -0.0004 0.1001 -0.1981 0.0600 -0.96 4.63 15.6336 0.000

Source: MSCI Barra, calculations made by the authors

The following conclusion is drawn from Table 5 as the monthly data confirms the
hypothesis that the value of the standard deviation is significantly higher than the average. At
the same time, 19 of the 21 series of monthly returns validate the property of a skewness
figure that has negative values, although these values do not have a large dimension. However
in terms of flattening coefficient (kurtosis), we observe that unlike the case of the series of
daily returns, the monthly returns offer values that are much closer to the value three (the
characteristic value of a normal distribution) for 10 of the 21 active investigation. This
observation, together with the previous one according to which the skewness values do not
have a large dimension, lead us to expect that the form of monthly returns distribution is
closer to the normal distribution, which represents an important value for processing and
modeling their behavior.

Indeed, the values of the last column in Table 5 show that the Jarque-Bera test results
lead to the conclusion that, for 13 of the 21 series of monthly returns analyzed, the hypothesis
in which the distribution is described in a Gaussian waveform cannot be rejected at an error
level of maximum 1%. We obtain statistical arguments to assert that, for more than half of the
series of monthly returns analyzed, the shape of the distribution curve does not differ
significantly from the normal (theoretical) distribution.

4. Conclusions

Our paper investigate the statistical characteristics of daily and monthly returns during
April 2007 — March 2012 for 16 European national market indices, 2 international indices and
3 global market indices. We compared the results between three categories: developed
markets, emerging markets and frontier markets.

(1) The data that we investigate confirmed that the average of returns is not
statistically different from zero. This finding is valid both for daily and monthly returns. Also,
it is valid for all the three types of markets (developed, emerging and frontier).

(2) Our results also confirm that standard deviation consistently registers higher values
comparing with the average, both for daily and monthly returns. We noticed that the
developed markets have lower values for standard deviation in comparison with emerging and
frontier markets.

(3) For all the types of markets the distribution of daily returns is significantly
different from the normal (theoretical) distribution. At the same time, we found evidence that
the lower frequency returns (in our case the monthly returns) tend to have empirical
distributions close to the normal (theoretical) distribution. For the developed markets the
monthly returns are close to the normal distribution, but the monthly returns of the emerging
and frontier markets still differ significantly.
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(4) We found negative asymmetry for most of the 21 indices investigated, both for the
daily and monthly returns.

(5) The daily returns present excess kurtosis for most of the indices and for all types of
markets. This conclusion is also valid for monthly returns from emerging and frontier
markets. Not surprisingly, the monthly returns of the developed markets (which we found to
have empirical distribution close to the normal distribution) have kurtosis values near 3.

(6) For the daily returns we were able to confirm the ,,leverage” stylized fact described
by Cont R. (2001). More specific, we found that during the high volatility periods, the
absolute values of effective returns are also higher. We were unable to test this property for
the monthly returns because during the period April 2007 — March 2012 we had only 60
empirical observations for each of the 21 time series.

(7) The study that we have conducted confirms that most of the characteristics of the
returns change with time. Especially volatility and correlation coefficient tend to register
higher values during market crises and lower values during the periods of positive market
evolution. This confirms the hypothesis of contagion between markets. Also, we found that
mature markets are highly correlated with other mature markets and less correlated with
emerging and frontier markets. On the other hand, the frontier markets tend to have lower
correlations both with other frontier markets and with emerging and developed markets.

(8) The daily time series show no autocorrelation of simple logarithmic returns, but
present autocorrelations of squared returns. On the other hand, we found that the monthly
squared returns tend to be less autocorrelated.
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