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Hungary making capitalization loss 50%, i.e. 10000 to 5000 and approached to new high level 
of 30000 making six times or 600 percent positive movement. Financial index of Croatia, i.e. 
CROBEX and Romania BET shows different movement at the same time where other stocks 
are falling; both indexes remained constant. Both of these indexes moved positively were 
other European markets falling. CROBEX, a specimen index for Croatia moved five times 
or 500 percent return where specimen index for Romania BET treaded index level of almost 
1000 making 17 times growth for the same period. Volatility sketches appear in Figure 3 
indicates positive and negative shocks for all developed and emerging European markets 
from January 2000 to 12, July 2018. Hungary BUX shows major positive jumps that escalated 
trading index level to a new high, which too with significantly positive shocks, noticed at 
least 2.6 times higher than the movement of negative market patterns.

Emerging markets, particularly CROBEX index (Croatia) and BET index (Romania) re-
spectively created a maximum number of positive shocks at high to very high magnitude 
level (see Figure 4). Further, the property of summary of statistics also suggests the move-
ment of each index along with the risk involved in asset movement. Figure 5 is based on the 
property of minimum and maximum index level from the summary of statistics. It indicates 
histograms for negative and positive market movement. It is seen that all financial markets 
have doubled the asset investment overtime period from low trading level to high trad-
ing level. BUX, an emerging economy, Hungary breached highest index trading level 41000 
compared to the rest of European markets. However, BET, a Romanian financial market has 
grown 17 times from its lower trading level to high trading level.
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Figure 4. Comparative volatility sketches for selected developed and former communists emerging 
European markets (source: author’s computation)
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Table 1 presents the summary of statistics using observations for the sample period, as 
follows:

Table 1. Summary of statistics using observations for the sample period (source: author’s computation)

Variable Mean Median Minimum Maximum

UK_FTSE100 2.99511e-005 0.000292808 –0.0926557 0.0938434
SPAIN_IBEX35 –3.27050e-005 0.000663476 –0.131852 0.134836
FRANCE_CAC40 –2.61478e-005 0.000272142 –0.0947154 0.105946
GERMANY_DAX 0.000134564 0.000746166 –0.0743346 0.107975
POLAND_WIG20 1.36839e-005 0.000141028 –0.0844276 0.0815484
HUNGARY_BUX 0.000302628 0.000335632 –0.126489 0.131777
CROATIA_CROBEX 0.000145740 0.000204938 –0.107636 0.147790
ROMANIA_BET 0.000614499 0.000543984 –0.131168 0.105645

Variable Std. Dev. C.V. Skewness Ex. kurtosis

UK_FTSE100 0.0117927 393.731 –0.139631 6.38786
SPAIN_IBEX35 0.0147716 451.662 –0.0830107 6.01698
FRANCE_CAC40 0.0145275 555.590 –0.0359500 5.00974
GERMANY_DAX 0.0149532 111.123 –0.0205531 4.30730
POLAND_WIG20 0.0149155 1090.00 –0.162087 2.63795
HUNGARY_BUX 0.0153084 50.5848 0.0939871 6.69502
CROATIA_CROBEX 0.0116245 79.7617 –0.0834989 18.6688
ROMANIA_BET 0.0152629 24.8380 –0.508121 9.18279
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Figure 5. Minimum and Maximum index level analysis (source: author’s computation)
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Property of summary of statistics indicates that Mean return is positive, suggesting that 
asset price is increased over the period except for Spain and France. The property also shows 
that returns are negatively skewed except BUX – Hungary index. Degree of excess Kurtosis is 
exceeding normality level of 3 except the case of Poland financial market. CROBEX, Croatia 
financial market represents the highest degree of Kurtosis, creating a leptokurtic impact on 
series return, making the fat tail.

Selected European developed and emerging markets confirmed volatility clustering and 
scattered return over the period. Further investment gained returned over the period ex-
cept for Spain and France financial market. Volatility clustering is confirmed with return 
series and stationarity using Augmented Dickey-Fuller test. The study objected to best fit of 
GARCH (1, 1) to selected developed and emerging European financial markets. Result of 
GARCH (1, 1) model property following VCV robust method shown in Table 2.

The result of GARCH (1,1) property indicates that coefficient α1and β1 are statistically 
significant except the case of WIG20 and CROBEX, emerging financial markets of Poland 
and Croatia. The further result also within a parametric restriction and suggesting a greater 
impact of shocks on volatility. ARCH coefficient (α1) found 0.108, 0.100, 0.095, 0.089, 0.071 
and 0.194 representing details of UK, Spain, France, Germany, Hungary and Romania re-
spectively indicates that derived position of (α1) indicates the significant impact of previous 
period shocks on present period volatility. Result statistics property shows a maximum of 
19.44% impact in the financial market of Romania, followed by 10.8% UK. It means that 
given value indicates the impact of yesterday volatility on today. Another GARCH coef-
ficient (β1) processes the impact of yesterday’s variance on today’s volatility. It also indicates 
the presence of volatility clustering and suggests that negative asset price changes impose 
further negative shocks on asset returns and vice versa. The higher degree of (β1) indicates a 
larger memory of shock. The sum of ARCH (α1) and GARCH (β1) provides a degree of the 
extent at which volatility shock is persistent over time for selected European developed and 
emerging markets. The GARCH (1, 1) model property also indicates the sum of ARCH and 
GARCH terms (see Table 2) showing significantly the highest degree of volatility persistent 

Table 2. The empirical results for GARCH (1, 1) model (source: author’s computation)

Variable Constant omega alpha beta alpha+beta

UK_FTSE100 0.00035 1.65E-06 0.108437 0.879646 0.988083
SPAIN_IBEX35 0.00053 2.46E-06 0.100655 0.891055 0.99171
FRANCE_CAC40 0.000496075 2.02E-06 0.095298 0.896818 0.992116
GERMANY_DAX 0.000712442 2.21E-06 0.089057 0.900906 0.989963
POLAND_WIG20* 0.00025441 1.72E-06 0.0553 0.93695 0.99225
HUNGARY_BUX 0.00070009 3.63E-06 0.071882 0.913364 0.985246
CROATIA_CROBEX* 0.000121315* 7.29E-07 0.085462 0.915459 1.000921
ROMANIA_BET 0.000746296 4.03E-06 0.194475 0.80575 0.9994

Note: *Provided statistical property is significant at 1% to selected European financial markets except financial 
market of Poland (WIG20) and Croatia (CROBEX) where GARCH (1, 1) not fitted.
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for the emerging European market of Romania (BET index) approaching 0.999 followed by 
France (CAC40 index) and Spain (BEX35 index). The property of the table provides detail 
statistical information about significance or fitness of values to GARCH class models.

In the following Table 3 we have included the empirical results of EGARCH model:

Table 3. The empirical results for EGARCH (1,1) model

lOG_UKFTSE100, (T = 4630), VCV method: Robust
Conditional mean equation

coefficient std. error z p-value
const 8.72867 0.0167890 519.9 0.0000 ***
omega –1.31418 0.0961173 –13.67 1.48e-042 ***
alpha 1.08839 0.0699990 15.55 1.63e-054 ***
gamma –0.0259631 0.0155655 –1.668 0.0953 *
beta 0.945124 0.00956002 98.86 0.0000 ***
Llik: 4200.35701  AIC: -8390.71401
BIC: –8358.51245  HQC: –8379.38382
lOG_SPAIN_IBEX35, (T = 4630), VCV method: Robust
Conditional mean equation

coefficient std. error z p-value
const 9.23318 0.00339488 2720 0.0000 ***
omega –1.30044 0.0855659 –15.20 3.64e-052 ***
alpha 1.09662 0.0668458 16.41 1.75e-060 ***
gamma –0.0183073 0.00701352 –2.610 0.0090 ***
beta 0.944597 0.00759750 124.3 0.0000 ***
Llik: 3537.10383  AIC: –7064.20765
BIC: –7032.00609  HQC: –7052.87746
lOG_FRANCECAC40, (T = 4630), VCV method: Robust
Conditional mean equation
coefficient std. error z p-value
const 8.39337 0.0456270 184.0 0.0000 ***
omega –1.15027 0.298184 –3.858 0.0001 ***
alpha 0.970756 0.236454 4.105 4.03e-05 ***
gamma –0.00675849 0.0162363 –0.4163 0.6772
beta 0.948662 0.0163740 57.94 0.0000 ***
Llik: 3015.03172   AIC: –6020.06343
BIC: –5987.86187   HQC: –6008.73324
D1_lOG_POLAND_WIG20, (T = 4629), VCV method: Robust
Conditional mean equation

coefficient std. error z p-value
const 0.000126534 

0.000163322 
0.7747 0.4385
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omega –0.186319 0.0284426 –6.551 5.73e-011 ***
alpha 0.117934 0.0125637 9.387 6.18e-021 ***
gamma –0.0334085 0.00779986 –4.283 1.84e-05 ***
beta 0.988922 0.00273595 361.5 0.0000 ***
Llik: 13379.06454   AIC: –26748.12909
BIC: –26715.92861    HQC: –26736.79915
lOG_HUNGARY_BUX, (T = 4630), VCV method: Robust
Conditional mean equation
coefficient std. error z p-value
const 9.99769 0.428367 23.34 1.78e-120 ***
omega –0.977351 2.31181 –0.4228 0.6725
alpha 0.905494 1.53280 0.5907 0.5547
gamma –0.00906108 

0.255536 
–0.03546 0.9717

beta 0.965984 0.314666 3.070 0.0021 ***
Llik: 254.94282    AIC: –499.88565
BIC: –467.68408    HQC: –488.55545
lOG_CROATIA_CROBEX, (T = 4630), VCV method: Robust
Conditional mean equation

coefficient std. error z p-value
const 7.50055 0.00398506 1882 0.0000 ***
omega –1.32413 0.0748643 –17.69 5.27e-070 ***
alpha 1.21357 0.0661205 18.35 3.07e-075 ***
gamma –0.00107110 0.00632996 –0.1692 0.8656
beta 0.965382 0.00458996 210.3 0.0000 ***
Llik: 3873.13284   AIC: –7736.26568
BIC: –7704.06412    HQC: –7724.93549
lOG_ROMANIA_BET, (T = 4630), VCV method: Robust
Conditional mean equation
coefficient std. error z p-value
const 8.84818 0.00325332 2720 0.0000 ***
omega –1.26235 0.119710 –10.55 5.35e-026 ***
alpha 1.20328 0.111373 10.80 3.29e-027 ***
gamma –0.0249973 0.00937252 –2.667 0.0077 ***
beta 0.972410 0.00686335 141.7 0.0000 ***
Llik: –566.83713    AIC: 1143.67426
BIC: 1175.87582   HQC: 1155.00445

The property of Table 3 indicates the fitness of asymmetry model, i.e. EGARCH (1, 1) 
indicating the presence of leverage effect. FTSE100, IBEX35 and BET of the UK, Spain and 
Romania fitted well. Results indicate that those fitted markets react significantly for negative 

End of Table 3
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shocks than positive. The financial series of selected European developed and emerging stock 
market have been processed for ADF Test and stationary test. We have also applied Expo-
nential GARCH (EGARCH) designed by Nelson (1991) to selected emerging and developed 
European markets. FTSE100 index (UK) consisting of 4630 daily observations fitted using 
log-returns. The empirical findings indicate the significance level of 1% except for asym-
metry, which is also significant at 10%. The negative sign of gamma indicates the presence 
of leverage effect in sample financial series returns. In the case of Spain, the model fitted 
perfectly for a significance level of 1%. P-Value indicates the significance level at 0.009 for 
(y), which indicates the presence of leverage effect in financial series return. In the case of the 
UK and Spain, the stock markets react more on negative shocks and less on positive shocks. 
EGARCH model outcome for selected financial series returns of France and Poland indicates 
significance level for asymmetry in the case of France and insignificant constant value for 
Poland based on daily stock returns of selected stock market indices. Selected groups of Eu-
ropean markets clearly define volatility transmitting as well as movement pattern of shocks at 
the same period of time. Volatility pattern found relatively more effective in case of financial 
markets of the UK and Spain when considered for negative movements (without any impact 
of news), where other markets observed comparative least negative or positive movements.

Correlation matrix indicates the movement pattern of selected European markets for the 
same time. It suggests inter-relationship and similarity of movements for the selected time 
period. Above statistical property indicates that stock markets of Germany (DAX index) and 
Croatia (Crobex index) exhibit contrast co-movements for the same time period. Insignifi-
cant empirical results have been identified in the case of stock market returns of the BUX 
index (Hungary) and CROBEX index (Croatia). It is well established after considering test 
up to AR-1, AR-2, AR-3, AR-4 and AR-5 in case of financial stock market returns of France, 
Poland, Hungary and Croatia. It is evident that autoregressive coefficients of the lagged de-
pendent variable represented insignificant value in case of WIG20 index (Poland) financial 
series returns. Nevertheless, the coefficient of GARCH model components provided statisti-
cally insignificant value for the CAC40 index (France), BUX index (Hungary) and CRO-
BEX index (Croatia). On the other hand, the BET index (Romania) fitted well and achieved 

Table 4. Correlation Matrix for selected EFM

FTSE IBEX CAC DAX WIG BUX CROBEX BET Correlation

1.00 0.44 0.62 0.89 0.53 0.62 0.10 0.63 UK
1.00 0.55 0.26 0.81 0.38 0.61 0.63 SPAIN

1.00 0.48 0.36 0.17 0.15 0.23 FRANCE
1.00 0.33 0.73 –0.06 0.61 GERMANY

1.00 0.45 0.61 0.79 POLAND
1.00 0.35 0.79 HUNGARY

1.00 0.57 CROATIA
1.00 ROMANIA
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statistical significance at the level of 1%. The EGARCH model property results derived using 
log series and considering all sample European stock markets based on Akaike Information 
Criterion (AIC) and Bayesian Information Criterion (BIC). Moreover, BET index (Romania) 
represents the perfect fit for asymmetric EGARCH model. In other cases, the coefficient of 
lagged squared residual is negative and statistically insignificant, which indicates that positive 
shocks do not affect conditional volatility.

Property of Table 4 indicates a correlation of selected markets with each other, in par-
ticular considering FTSE100 of the UK as a base financial market. It is observed that only 
German financial market follows movement pattern of FTSE100 almost a degree of 90%, 
and the other strong correlation of market movement identified between Spain and Poland 
which contributes merely 50% as an average together during the following pattern of the 
UK. We found a negative correlation between market movement pattern of Croatia and Ger-
many, where Croatia contributed or follows only 10% similar movement to FTSE, contrast-
ing movement of Germany that follows over 89% to the movement of FTSE. This simplifies 
that financial market of Croatia is no longer adopting changes to relative changes or least 
contribute to volatility transmitting pattern. It suggests possibility observing financial market 
of Croatia tends to be positive despite negative movements in FTSE and vice-versa. Such sta-
tistical property also invites arguments considering contrasting changes in the index level of 
FTSE and BET over the period of study. BET is no longer trading even anywhere near to the 
trading level that noticed at the start of the study period, where FTSE does. It gives the idea 
that either BET followed only positive changes of FTSE and that too with high magnitude of 
impact, or least followed negative changes, probably with least magnitude of negative impact. 
BET is significantly correlated to FTSE at least not lower than 63% correlation.

The study on selected developed, and emerging financial markets of Europe reveals that 
the volatility is significantly high and persistent. In a particular financial market of Poland 
identified highly volatile amongst other specimen financial markets. In addition to positive 
movements, BUX, the financial market of Hungary, escalates trading level with three major 
positive shocks at different levels. The movement of changes in asset prices with changes in 
index level provides different impacts over the same period of time. For instance, financial 
markets of WIG20, and CROBEX indicates changes and impact on asset prices at highest 
magnitudes at changes in indices over 93 and 91 percentages respectively. Further, it appears 
on BUX and DAX at the level of 91 and 90 percentages. Many researchers do not accept 
changes or impact of alpha – considering any relative arguments for having a positive effect. 
We proposed assumptions based on considering the presence of alpha – directing signifies 
the possibility of positive news. In the same arguments, the financial market of BET of Ro-
mania found with the highest level of alpha, approaches to over 19 percentages having over 
80 percent of impact changes in asset prices with the movement of the index. Only FTSE100 
and IBEX35 of Spain found with the level of alpha over 10% and with asset price movement 
with indices percentile to 89 & 87 respectively. In case such effect of alpha provides the 
probability of positive movements, the financial market which identified as highest effective 
in terms of capturing transmitting pattern of volatility across the selected European mar-
ket, WIG20 of Poland identified with least presence of alpha that is less than 6 percentage, 
amongst the lowest.
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Otherwise, considering probability to test whether the value of alpha really even exists or 
works, we provide the outcome of statistical property that incidentally indicates that “higher the 
value of alpha, higher the trading point of index”. To add supportive arguments, we consider 
the level of base index points of all selected European financial markets at the start of the study 
period. FTSE index (UK) is being traded almost above 6000 and gained about 15% in over 18 
years in case only changes considered from first and last trading levels. During the same period 
of time, Spain, France and Poland did not generate any positive returns from a period of over 18 
years. Instead, IBEX35 specimen of Spain is being traded even at lower trading level, i.e. below 
10000 that it was actually in the year 2000. CAC40 or France and WIG20 of Poland shares same 
trading terminology, being traded to a lower point than it was achieved eighteen years ago. 
Almost above 100% index trading point gain is delivered by DAX of Germany and CROBEX 
of Croatia during the same period. Further, over five hundred percent growth noticed in BUX 
of Hungary, where the trading level of index escalated to fivefold during the period of eighteen 
years. At the same time,the highest gain across all selected market is being noticed only in the 
financial market of Romania, BET. The index movement escalated to over 9000 trading points 
from below 500 of trading levels during the same period. BET financial index is also amongst 
the one that is having a positive alpha sign to merely 20 percentages, which is found highest 
from the alpha level of the rest of selected European stock markets.

Conclusions

GARCH (1, 1) model revealed that stock of WIG20, specimen index of Poland reacts upmost, 
followed by CROBEX specimen of Croatia and BUX of Hungary. On the other side, stock 
prices of BET, a specimen of Romania financial market found to at least 13% less effective 
compared to the movement of index and impact on stock prices. That indicates that along 
with the movement of the index, listed stocks also moving aggressively in case of WIG20, 
CROBEX and BUX. Exponential GARCH (EGARCH) reveals the presence of leverage effects 
in selected European stock markets, indicating a significant signal that negative shocks domi-
nate markets. Our empirical study on selected developed, and emerging financial markets 
of Europe reveals that the volatility is significantly high and persistent. Series returns exhibit 
characteristics like volatility clustering, series movement pattern and persistent of volatility 
in their daily return considering from January 2000 to July 2018. The study finds that there 
exists a significant presence of volatility clustering in all selected financial markets except 
Poland and Croatia (where the model did not fit series returns). Further, it indicates that 
both recent and past news create an impact on present volatility. The study further examines 
that there is an insignificant relationship between volatility, volatility pattern and asset return 
over a period of time.

The movement of asset price indicates that an emerging market of Europe (BET index) 
specimen of Romania having a significantly high degree of volatility in persistent and deliv-
ered over 17 times asset returns. None alike, asset return from one of developed European 
financial market, i.e. France (CAC40 index) found the second highest volatility is persistent, 
delivered negative returns. It is clear that Hungary, (BUX) consist of more substantial ex-
ponential impact for positive and negative movements. While contrasting with BUX, the 
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DAX of Germany indicates much stable and more robust positioning to perceive and react 
over the news. The study also found that higher positioning of the value of alpha impacts on 
the trading pattern of indices over a period of time. For instance, BET, the financial market 
of Romania found being shifting their trading point from below 500 (the base point at the 
start of the study period) to over 9000 at the end of the study. Such escalation of the trading 
level is not observed with the rest of the selected financial markets. Further, the study clearly 
provides understanding about the existence of volatility, cluster impact, the persistence of 
yesterday’s volatility, and the reaction of the market in a negative trend. Out of the study, 
financial markets of Romania and Hungary have provided best returns to investors over a 
period of time. At the same time, well developed financial markets such as financial markets 
of the UK and France provided stability of investment over a period of time. However, any 
dividend over investment either for a short or long tenure, is highly solicited by any category 
of investors, and probably will be a primary element for investors across the world.

The main limitations of our research study is due to the relatively small number of only 
8 selected European countries (4 developed and 4 emerging) for the sample period from 1, 
January 2000 to 12, July 2018. A future extension of this research study will include a much 
larger number of countries, not just members of the European Union. Another objective will 
focus on extending the analysis period, so as to also include significant events such as Brexit 
or the Covid-19 pandemic. Unlike the current research study which for daily data were col-
lected from the official websites of individual stock markets of each sample countries, for the 
future research study we will obtain daily data for selected countries from DataStream da-
tabase. Modern portfolio theory assigns tremendous importance to portfolio diversification 
strategies in order to minimize risk. However, in globalized stock markets, co-movements 
and correlations represent a challenge of great interest for international investors and finan-
cial decision-makers. Stock market dynamics depends on the time domain and frequency 
domain. A future direction of this research study will focus on investigating co-movements 
and correlation between selected stock markets based on wavelet analysis. As an effective 
alternative to GARCH approach, we will analyze the new time-series information based on 
a different methodology and will examine the following aspects: Individual power spectrum, 
wavelet coherence and cross wavelet transforms.
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