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Abstract: The purpose of this study is to examine the movements of capital 
markets in Austria (ATX), Serbia (BELEX 15), Hungary (BUX), Croatia (CROBEX), 
Russia (IMOEX), the Czech Republic (PRAGUE PX), Slovenia (SBI TOP), and Po-
land (WIG) from September 18th, 2017 to September 15th, 2022. To obtain more 
robust results, we divide the sample into two sub-periods: the Quiet period, 
from September 18th, 2017, to December 31st, 2019; and the Stress Period, from 
January 1st, 2020, to September 15th, 2022, marked by the global pandemic 
(COVID-19), the oil price war in 2020, and the Russian invasion in 2022. The 
time series exhibit non-normal distributions due to the presence of fat tails, a 
characteristic that is common in periods of extreme volatility. The results of 
the VAR Granger Causality/Block Exogeneity Wald Tests model verified the 
existence of 16 pairs of markets showing co-movements between them dur-
ing the quiet subperiod. The market that causes more co-movements is the 
Austrian stock market (ATX), while the Russian stock index (IMOEX) does not 
cause shocks in the markets under analysis. In the Stress subperiod, we ver-
ify the presence of 42 pairs of markets causing (each other in the Grangeri-
an sense. The stock indexes ATX, BUX, CROBEX, and PRAGUE PX show 6 caus-
al relations in 7 possible, while the capital markets of Russia (IMOEX) and Po-
land are the ones that cause less (4 in 7 possible). In conclusion, we verify that 
the events that occurred in 2020 and 2022 have significantly increased the 
movements in these regional markets. Such findings could put into question 
the implementation of efficient portfolio diversification strategies and even-
tually some gains above the market average due to arbitrage levels. The au-
thors consider this evidence to be relevant for supervisors, regulators, and in-
vestors operating in these regional markets.
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1. INTRODUCTION

The economic literature related to capital markets has paid much attention to identifying the 
mechanisms through which an exogenous shock propagates between two capital markets. 

Thus, many studies focus on detecting the interactions between international financial markets, 
while identifying determinants of contagion and the phenomenon of co-movement between 
capital markets (Dias, da Silva, et al., 2019; Dias, Heliodoro, et al., 2019).

Several studies have examined the effect of exogenous shocks on a financial market to un-
derstand the synchronizations between markets, as well as the diversification of portfolios in 
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international markets. In general, investors, risk managers, national regulators, and internation-
al financial institutions have shown interest in understanding how the phenomenon of contagion 
and interdependence develops due to the adverse implications of exogenous shocks on nation-
al financial markets (Dias et al., 2020; Dias et al., 2021; Pardal et al., 2020; Silva et al., 2020).

This study aims to investigate the shocks and causal relationships between the capital mar-
kets of Austria (ATX), Serbia (BELEX 15), Hungary (BUX), Croatia (CROBEX), Russia (IM-
OEX), Czech Republic (PRAGUE PX), Slovenia (SBI TOP) and Poland (WIG) over the period 
from September 18th, 2017 to September 15th, 2022. There is considerable literature on financial 
market interconnectedness, notably by writers Jawadi et al. (2019), Dias et al. (2020), and Dias 
and Carvalho (2021a), however many of these studies have mainly examined Western Europe-
an markets. The choice of these emerging economies is motivated by the fact that their financial 
markets are entirely congruent with the major global financial markets, with substantial possi-
bilities of interdependence.

In conducting this study, we are interested in answering the following research question: (1) Did 
the global economic instability caused by the events of 2020 and 2022 increase the com-move-
ments between Western European and Eastern European capital markets? During the Quiet 
subperiod, the results indicate the existence of 16 of 56 possible causal relationships, whereas 
the number of causal relationships between pairs of markets under analysis increased signifi-
cantly during the Stress subperiod, which included the events of 2020 and 2022, inferring 42 of 
56 possible causal relationships. These findings may call into question portfolio diversification 
in these regional markets.

This research paper is divided into 5 sections. In addition to the current introduction, section 2 
presents a Literature Review regarding articles on the movements and causal links between in-
ternational capital markets, section 3 describes the methodology and data, section 4 contains the 
results. Section 5 presents the general discussions of the paper.

2. LITERATURE REVIEW

From the investor’s point of view, knowledge of the form and intensity of interdependence be-
tween different financial markets is vital for efficient hedging decisions, to minimize the adverse 
effect of uncertainty on the expected return on investments. In the same way, understanding 
the interdependence relations between international stock markets facilitates the identification 
of diversification opportunities (Guedes et al., 2022; Teixeira et al., 2022; Zebende et al., 2022). 

The authors Horvath and Petrovski (2012) examined the movements of Western European capi-
tal markets relative to Central Europe (Czech Republic, Hungary and Poland) and Southeast Eu-
rope (Croatia, Macedonia and Serbia) in the period 2006-2011. 

The authors show that the co-movements in Central Europe are more significant when compared 
to the capital markets of Western Europe and Southeast Europe. Moreover, the results show that 
the correlation of Southeast European equity markets with developed markets is essentially zero, 
opening doors for investors operating in these markets to diversify their portfolios efficiently.

The authors Koseoglu and Cevik (2013) investigated the causality relationships between stock 
markets and foreign exchange markets in the Czech Republic, Hungary, Poland and Turkey. 
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Moreover, they show that stock markets cause in a Grangerian sense the exchange markets in all 
countries, both in mean and variance, suggesting that the stock market plays an important role 
in the price discovery process for the exchange market of the countries analyzed. 

Özer et al. (2016) analyzed the co-movement between the markets of Germany, Austria, Czech 
Republic, Croatia, Lithuania and Greece, the authors show mixed results by failing to highlight 
co-movement. These findings have relevant implications for international investors, portfolio 
managers and policymakers. 

In a complementary manner, the authors Cevik et al. (2017) analyzed the presence of a causal 
link between the financial markets of Central and Eastern European (CEE) countries adopting 
an asymmetric causality test. The authors evidence of a causal relationship running from the 
Czech Republic to Poland; moreover, Poland’s stock market causes Turkey’s stock market. Com-
plementarily the results of the asymmetric causality test indicate only one causal link running 
from the Czech Republic to Hungary and Poland. 

While the authors Jawadi et al. (2019) studied the movements between the US market and the 
G-6, BRIC and MENA markets. The authors show that the MENA and BRIC markets are seg-
mented with the US market, while the G-6 markets show integration with the US. 

In more recent studies, the author Shi (2022) investigated the co-movements between China’s stock 
market and 12 capital markets in the Asia-Pacific region after the global financial crisis. The author 
uses weekly conditional correlations to detect contagion and explores the transmission mechanisms 
by regressing monthly economic and financial variables. The empirical results show that events 
(specifically, the Shanghai stock market crash, the US-China tariff war, and the COVID-19 pandem-
ic) significantly increased the co-movements between China and Asia-Pacific markets.

While the authors Karamti and Belhassine (2022) analyzed the connection between the COV-
ID-19 outbreak and major financial markets within a time and frequency framework. Wavelet 
coherence analysis reveals perceptive differences between short-term and long-term market re-
actions. In the short term, the authors evidence strong co-movement during the first and second 
wave of the 2020 pandemic. Furthermore, the authors explain that the panic caused by the pan-
demic spread in the United States contaminates international markets, and they suggest that the 
gold market and cryptocurrencies are safer investments.

In summary, this paper aims to contribute to providing information to investors and regulators 
in Central and Eastern European capital markets, where individual and institutional investors 
seek diversification benefits. Therefore, this paper aims to examine the synchronizations be-
tween European capital markets and to understand whether the hypothesis of portfolio diversi-
fication is challenged due to uncertainty in the global economy.

3. METHODOLOGY AND DATA

3.1. DATA 

Price index data for the capital markets of Austria (ATX), Serbia (BELEX 15), Hungary (BUX), 
Croatia (CROBEX), Russia (IMOEX), Czech Republic (PRAGUE PX), Slovenia (SBI TOP) and 
Poland (WIG), were sourced from the Thomson Reuters Eikon platform. The quotes are daily and 
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cover the period from September 18th, 2017, to September 15th, 2022, which is a period marked by 
the global pandemic of 2020 and the Russian invasion of Ukraine in 2022; to keep the time series as 
reliable as possible we have kept the prices in local currency to mitigate exchange rate distortions.

Table 1. The name of countries and their indexes under analysis in this paper
Country name Index

Austria ATX
Serbia BELEX 15

Hungary BUX
Croatia CROBEX
Russia IMOEX

Czech Republic PRAGUE PX
Slovenia SBI TOP
Poland WIG

Source: Own elaboration

3.2. METHODOLOGY

To answer the research question, we will start by characterizing the sample through statistical 
measures, such as mean, standard deviation, skewness and kurtosis. To validate the result re-
garding the time series distribution we will estimate Jarque and Bera (1980). To check white 
noise we will estimate the unit root tests of Breitung (2000) and Hadri (2000). 

The VAR Granger Causality/Block Exogeneity Wald Tests methodology will be used to answer 
the research question. It employs the Wald statistic, which validates whether the coefficients of 
the endogenous variables lagged from the “cause” variable are null or does not “cause” the de-
pendent variable in the Grangerian sense. It should, however, be noted that the result of this test 
is highly sensitive to the number of lags considered in the model, so the first concern is to prop-
erly estimate this value, to obtain robust evidence (Gujarati, 2004). 

As a complement, and to determine the optimal number of lags, we used the LR criteria: sequen-
tial modified. LR test statistic (each test at 5% level). FPE: Final prediction error. AIC: Akaike in-
formation criterion. SC: Schwarz information criterion. HQ: Hannan-Quinn information criterion.

4. RESULTS 

Figure 1 illustrates the evolution, in levels, of the price indexes of the European capital markets, 
namely Austria (ATX), Serbia (BELEX 15), Hungary (BUX), Croatia (CROBEX), Russia (IM-
OEX), Czech Republic (PRAGUE PX), Slovenia (SBI TOP) and Poland (WIG), over the period 
from September 18th, 2017 to September 15th, 2022, to analyze the reaction of financial markets 
to events such as the COVID-19 crisis in 2020 and Russia’s invasion of Ukraine in 2022. The 
price indexes under study reveal the instability experienced in these markets, especially with 
the outbreak of the pandemic crisis.

With a subsequent upward trend in 2021, the markets again registered significant drops in 2022, 
especially in the Russian market due to its political decision to operate militarily in Ukraine. 
These findings are validated by the authors Bagão et al. (2020), Dias and Santos (2020), Dias 
and Carvalho (2021a), Teixeira et al. (2022), which show that the global pandemic of 2020 (Cov-
id-19) caused very sharp turbulence in international financial markets.
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Note: Data processed by the authors (software: Eviews12)

Figure 1. Evolution, in levels, of the financial market under analysis,  
for the period from September 18th, 2017, to September 15th, 2022

Source: Own elaboration

Figure 2 shows the evolution of the price indexes in the first annual differences of the capital 
markets under analysis. In all the series, there is a relatively high dispersion around the average, 
as well as a relatively synchronized behavior between the time series. Through graphical analy-
sis, we observe the existence of high volatility during the first and second quarters of 2020 and 
2022, periods of high complexity marked by the COVID-19 pandemic and the Russian political 
decision to operate militarily in Ukrainian territory.

Note: Data processed by the authors (software: Eviews12)

Figure 2. Evolution of the returns, of the financial market under analysis,  
in the period from September 18th, 2017, to September 15th, 2022

Source: Own elaboration
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Table 2a presents the values of the descriptive statistics of the price indexes of four stock mar-
kets, namely Austria (ATX), Serbia (BELEX 15), Hungary (BUX) and Croatia (CROBEX) and 
Table 2b presents the values of the descriptive statistics of the price indexes of Russia (IMOEX), 
Czech Republic (PRAGUE PX), Slovenia (SBI TOP) and Poland (WIG). 

Regarding returns, according to classical financial theory, these would be close to zero, since 
it postulates that the longer the time interval of the time series, its return will tend towards 
zero. As can be seen, all indexes show returns close to zero and positive, except for the ATX, 
CROBEX and WIG price indexes, which showed negative returns for the period under study. 

The results obtained show that the time series suggest departures from the normality hypothe-
sis. This result emerges from the Jarque and Bera (1980) test, which allowed rejecting the null 
hypothesis of normality (H0) in favor of the alternative ((H1) - non-normality), for a significance 
level of 1%. Additionally, the skewness and kurtosis coefficients are statistically different from 
those of a normal distribution. These results are confirmed by the authors Guedes et al. (2022), 
Teixeira et al. (2022), Dias et al. (2022), Zebende et al. (2022) which show that the price series 
of capital markets present distributions that depart from normality.

Table 2a. Descriptive statistics, in returns, of the financial markets under analysis  
for the period from September 18th, 2017, to September 15th, 2022

ATX BELEX_15 BUX CROBEX
Mean -8.49E-05 0.000117 5.49E-05 7.80E-05
Std. Dev. 0.014819 0.006947 0.014134 0.008240
Skewness -1.231871 -1.068310 -1.477502 -3.907048
Kurtosis 18.69780 15.33660 15.46578 53.60873
Jarque-Bera 13224.21 8210.143 8596.194 137343.2
Probability 0.000000 0.000000 0.000000 0.000000
Observations 1257 1257 1257 1257

Note: Data processed by the authors (software: Eviews12)
Source: Own elaboration

Table 2b. Descriptive statistics, in returns, of the financial markets under analysis  
for the period from September 18th, 2017, to September 15th, 2022

IMOEX PRAGUE PX SBI TOP WIG
Mean 0.000137 0.000137 0.000291 -0.000195
Std. Dev. 0.018450 0.010112 0.009027 0.013147
Skewness -8.081235 -1.194789 -1.980833 -1.403024
Kurtosis 196.4023 15.81751 23.65061 18.53894
Jarque-Bera 1972739. 8903.676 23157.21 13058.80
Probability 0.000000 0.000000 0.000000 0.000000
Observations 1257 1257 1257 1257

Note: Data processed by the authors (software: Eviews12)
Source: Own elaboration

As we are estimating price indexes instead of returns, we should analyze the (non-) stationary 
nature of the time series of the capital markets under study. For identifying the presence of unit 
roots in the time series, there are individual or panel tests. However, in the present study, we 
will opt for the use of panel unit root tests because they have higher statistical power and allow 
obtaining more robust results, as they can increase considerably the sample size of the tests by 
considering not only the information of the time series dimension but also the cross-section di-
mension (Hadri, 2000; Maddala & Wu, 1999).
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Specifically, the panel unit root tests postulated by Breitung (2000) and Hadri (2000). The Bre-
itung test is considered a derived and improved test of the unit root test developed by Dickey 
and Fuller (1981) and has as a null hypothesis that all panels contain a unit root (or unstable var-
iance). In turn, the test of Hadri (2000) will be used to validate the presence or absence of unit 
roots in panel data and to corroborate the results obtained from the previous test since its null 
hypothesis is contrary to the Breitung test.

According to the results obtained in Table 3 and 4, both tests suggest stationarity in first differ-
ences, that is, the data series are integrated of the first order, and these results allow us to assess 
that the time series present the necessary characteristics to show robust results. 

Table 3. Breitung stationarity test (2000), applied to the financial markets under analysis,  
in the period from September 18th, 2017, to September 15th, 2022

Method Statistic Prob.**
Breitung t-stat -67.8685 0.0000
** Probabilities are computed assuming asymptotic normality
Intermediate regression results on D(UNTITLED)
Series S.E. of Regression Lag Max Lag Obs
D(ATX) 56.5883 0 22 1255
D(BELEX 15) 6.09273 1 22 1254
D(BUX) 640.726 2 22 1253
D(CROBEX) 15.3580 2 22 1253
D(IMOEX) 73.2703 0 22 1255
D(PRAGUE PX) 14.7590 0 22 1255
D(SBI TOP) 10.1143 1 22 1254
D(WIG) 1009.51 0 22 1255

Coefficient t-Stat SE Reg Obs
Pooled -0.81482 -67.868 0.012 10026

Note: Data processed by the authors (software: Eviews12)
Source: Own elaboration

Table 4. Hadri Stationarity test (2002), applied to the financial markets under analysis,  
in the period from September 18th, 2017, to September 15th, 2022

Method Statistic Prob.**
Hadri Z-stat 0.56682 0.2854
Heteroscedastic Consistent Z-stat -0.43374 0.6678
* Note: High autocorrelation leads to severe size distortion in Hadri test, leading to over-rejection of the null. 
** Probabilities are computed assuming asymptotic normality
Intermediate results on D(UNTITLED)

Variance
Series LM HAC Bandwidth Obs

D(ATX) 0.0691 2476.260 13.0 1256
D(BELEX 15) 0.0292 34.98975 14.0 1256

D(BUX) 0.0566 345744.5 5.0 1256
D(CROBEX) 0.0408 350.3203 17.0 1256
D(IMOEX) 0.0822 2303.098 7.0 1256

D(PRAGUE_PX) 0.0699 155.0696 14.0 1256
D(SBI TOP) 0.0483 119.1608 14.0 1256

D(WIG) 0.0858 591143.9 9.0 1256
Note: Data processed by the authors (software: Eviews12)

Source: Own elaboration
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In this paper, to analyze the structures of causal relations of time series, namely from Austria 
(ATX), Serbia (BELEX 15), Budapest (BUX), Croatia (CROBEX), Russia (IMOEX), Czech Re-
public (PRAGUE PX), Slovenia (SBI TOP) and Warsaw (WIG) during two periods, the Granger 
Causality approach was used. This approach, through the estimation of an Autoregressive Vector 
(VAR), allows us to identify the direction of causality, that is, using the F-statistic test it allows us 
to calculate for which values a given time series provides statistically significant information (pre-
dictive ability) on the evolution of the future values of another time series. For example, if one con-
siders two stationary time series (X and Y; H0: If Y did not cause X, then we would be facing a 
unidirectional causal relationship). Nevertheless, if time series both cause and are caused by their 
pair, this leads us to conclude that we are facing a bidirectional causal relationship. 

Note that to estimate the autoregressive vector, the first step is to estimate the optimal number 
of lags (observable values of the lagged time series) in the VAR model. 

To determine the optimal number of lags for the estimation of the VAR model for the quiet pe-
riod, the criteria presented in Table 5 was used. Based on the LR criterion, the results point to a 
model with 4 lags. In Table 6 we can observe the results of the test, which for the number of lags 
equal to 4; it leads us not to reject the null hypothesis, which postulates the non-existence of au-
tocorrelation of residuals. Thus, rejecting the hypothesis of autocorrelation of serial residuals, it 
is determined that the model estimated considering a lag equal to 4 days is robust.

Table 5. Information Criteria to determining the optimal number of lags in VAR model  
for the Tranquil Period 

Lag LogL LR FPE AIC SC HQ
0 15749.15 NA 4.80e-35 -56.31895 -56.25704* -56.29477*
1 15837.40 173.6700 4.40e-35 -56.40573 -55.84852 -56.18814
2 15912.06 144.7786  4.24e-35* -56.44387* -55.39136 -56.03286
3 15972.28 115.0513 4.30e-35 -56.43035 -54.88253 -55.82591
4 16018.37  86.72698* 4.58e-35 -56.36625 -54.32313 -55.56840
5 16057.41 72.35749 5.02e-35 -56.27695 -53.73853 -55.28568
6 16090.43 60.25008 5.61e-35 -56.16611 -53.13239 -54.98142
7 16135.20 80.41410 6.02e-35 -56.09732 -52.56829 -54.71921
8 16164.28 51.39540 6.85e-35 -55.97237 -51.94805 -54.40085
9 16205.56 71.78266 7.45e-35 -55.89109 -51.37147 -54.12616
10 16248.84 74.01328 8.06e-35 -55.81695 -50.80203 -53.85860

Note:  Data processed by the authors (software: Eviews 12). * Indicates lag order selected by the criterion. LR: 
sequential modified. LR test statistic (each test at 5% level). FPE: Final prediction error. AIC: Akaike 
information criterion. SC: Schwarz information criterion. HQ: Hannan-Quinn information criterion.

Source: Own elaboration

Table 6. VAR Residual Serial Correlation LM Tests
Lag LRE* stat df Prob. Rao F-stat df Prob.

1 66.94431 64 0.3763 1.046828 (64, 2988.5) 0.3764
2 61.12963 64 0.5786 0.954978 (64, 2988.5) 0.5787
3 81.13419 64 0.0728 1.271716 (64, 2988.5) 0.0729
4 71.20053 64 0.2506 1.114171 (64, 2988.5) 0.2507
5 65.86011 64 0.4123 1.029688 (64, 2988.5) 0.4124

Note: Data processed by the authors (software: Eviews 12)
Source: Own elaboration
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Table 7 shows the shocks in the capital markets of Austria (ATX), Serbia (BELEX 15), Hunga-
ry (BUX), Croatia (CROBEX), Russia (IMOEX), Czech Republic (PRAGUE PX), Slovenia (SBI 
TOP) and Poland (WIG), for the Quiet subperiod. When we apply 4 lags to the Granger Causali-
ty Tests model, we find 16 pairs of markets showing comovement between them, as follows: The 
Austrian stock market (ATX) causes shocks on BUX, CROBEX, IMOEX, PRAGUE PX and 
WIG, ATX is the market that causes the most (5 out of 7 possible); The Czech Republic stock in-
dex (PRAGUE PX) causes shocks in Serbia (BELEX 15), Hungary (BUX), Russia (IMOEX) (3 
out of 7 possible); Hungary (BUX) market shocks Austria (ATX) and Poland (WIG) (2 out of 7 
possible); Slovenia (SBI TOP) causes in a Grangerian sense the stock indexes in Hungary (BUX), 
Poland (WIG) (2 out of 7 possible); Stock market index Poland (WIG) causes stock market shocks 
in Russia (IMOEX), Czech Republic (PRAGUE PX) (2 out of 7 possible); The stock market Czech 
Republic (PRAGUE PX) causes movements on the stock market in Slovenia (SBI TOP), while the 
stock market Russia (IMOEX) does not cause shocks on the markets in the analysis. 

Table 7. Granger Causality Tests applied to the financial markets under analysis, in the period 
from September 18th, 2017, to December 30th, 2022 (Tranquil Period)

F-Statistic Prob.
BELEX 15 does not Granger Cause ATX 1.05078 0,3803
ATX does not Granger Cause BELEX 15 0.67370 0,6104
BUX does not Granger Cause ATX 4.56488*** 0,0012
ATX does not Granger Cause BUX 2.54162** 0,0389
CROBEX does not Granger Cause ATX 0.36066 0,8366
ATX does not Granger Cause CROBEX 3.64626*** 0,0061
IMOEX does not Granger Cause ATX 1.24910 0,289
ATX does not Granger Cause IMOEX 3.76539*** 0,0049
PRAGUE PX does not Granger Cause ATX 1.61824 0,1682
ATX does not Granger Cause PRAGUE PX 42.4698*** 4,00E-31
SBI TOP does not Granger Cause ATX 1.45053 0,216
ATX does not Granger Cause SBI TOP 1.16741 0,3242
WIG does not Granger Cause ATX 0.90762 0,4591
ATX does not Granger Cause WIG 13.1769*** 3,00E-10
BUX does not Granger Cause BELEX 15 0.66281 0,618
BELEX_15 does not Granger Cause BUX 0.27883 0,8917
CROBEX does not Granger Cause BELEX 15 0.66464 0,6168
BELEX 15 does not Granger Cause CROBEX 0.70160 0,5911
IMOEX does not Granger Cause BELEX 15 0.49629 0,7385
BELEX 15 does not Granger Cause IMOEX 0.68176 0,6048
PRAGUE PX does not Granger Cause BELEX 15 2.67354** 0,0313
BELEX 15 does not Granger Cause PRAGUEPX 1.23831 0,2935
SBI TOP does not Granger Cause BELEX_15 1.01169 0,4007
BELEX 15 does not Granger Cause SBI TOP 0.78973 0,5321
WIG does not Granger Cause BELEX 15 1.44270 0,2185
BELEX 15 does not Granger Cause WIG 0.11123 0,9786
CROBEX does not Granger Cause BUX 1.28111 0,2762
BUX does not Granger Cause CROBEX 1.09616 0,3576
IMOEX does not Granger Cause BUX 1.62878 0,1655
BUX does not Granger Cause IMOEX 1.55066 0,1861
PRAGUE PX does not Granger Cause BUX 3.84096*** 0,0043
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BUX does not Granger Cause PRAGUE PX 1.58294 0,1773
SBI TOP does not Granger Cause BUX 3.49666*** 0,0078
BUX does not Granger Cause SBI TOP 1.92676 0,1045
WIG does not Granger Cause BUX 0.72687 0,5738
BUX does not Granger Cause WIG 4.43825*** 0,0015
IMOEX does not Granger Cause CROBEX 0.44291 0,7776
CROBEX does not Granger Cause IMOEX 0.97459 0,4209
PRAGUE PX does not Granger Cause CROBEX 0.54811 0,7005
CROBEX does not Granger Cause PRAGUE PX 2.23718* 0,0638
SBI TOP does not Granger Cause CROBEX 0.99070 0,412
CROBEX does not Granger Cause SBI TOP 1.12725 0,3427
WIG does not Granger Cause CROBEX 1.29738 0,2698
CROBEX does not Granger Cause WIG 0.54908 0,6998
PRAGUE_PX does not Granger Cause IMOEX 2.28470* 0,0591
IMOEX does not Granger Cause PRAGUE PX 0.59557 0,666
SBI TOP does not Granger Cause IMOEX 0.81857 0,5136
IMOEX does not Granger Cause SBI TOP 0.68341 0,6037
WIG does not Granger Cause IMOEX 4.07004*** 0,0029
IMOEX does not Granger Cause WIG 1.48464 0,2054
SBI TOP does not Granger Cause PRAGUE PX 0.83193 0,5052
PRAGUE PX does not Granger Cause SBI TOP 2.30572* 0,0571
WIG does not Granger Cause PRAGUE PX 6.51376*** 4,00E-05
PRAGUE PX does not Granger Cause WIG 1.44431 0,218
WIG does not Granger Cause SBI TOP 0.56089 0,6911
SBI TOP does not Granger Cause WIG 3.91589* 0,0038

Note:  Data processed by the authors (software: Eviews 12).  
The asterisks ***, **, * indicate statistical significance at 1%, 5% and 10%, respectively

Source: Own elaboration

For the Stress subperiod and to estimate the VAR model for this time lag, it was also necessary to 
determine the ideal number of lag days to include. For that purpose, the criteria presented in Table 8 
were used. Based on the FPE and AIC criteria, the results point to a model that considers 9 days of lag.

Table 8. Information Criteria to determining the optimal number of lags in VAR model  
for the Stress Period

Lag LogL LR FPE AIC SC HQ
0 15617.80 NA 1.39e-30 -46.04660 -45.99328 -46.02596
1 15918.13 592.6910 6.91e-31 -46.74375 -46.26384* -46.55796
2 16042.77 243.0275 5.78e-31 -46.92262 -46.01613 -46.57169
3 16179.01 262.4397 4.67e-31 -47.13573 -45.80265 -46.61966
4 16394.81 410.5795 2.99e-31 -47.58350 -45.82383 -46.90228*
5 16490.95 180.6579 2.72e-31 -47.67831 -45.49206 -46.83195
6 16614.54 229.3243 2.28e-31 -47.85411 -45.24127 -46.84261
7 16706.47 168.4017 2.10e-31 -47.93650 -44.89707 -46.75985
8 16804.47 177.2003 1.91e-31 -48.03678 -44.57076 -46.69499
9 16876.23 128.0781  1.87e-31* -48.05969* -44.16709 -46.55275
10 16936.21  105.6297* 1.89e-31 -48.04783 -43.72864 -46.37575

Note:  Data processed by the authors (software: Eviews 12).  
* Indicates lag order selected by the criterion. LR: sequential modified. LR test statistic (each test at 5% 
level). FPE: Final prediction error. AIC: Akaike information criterion. SC: Schwarz information criterion. 
HQ: Hannan-Quinn information criterion.

Source: Own elaboration.
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Table 9. VAR Residual Serial Correlation LM Tests
Lag LRE* stat df Prob. Rao F-stat df Prob.

1 98.45723 64 0.0037 1.546542 (64, 3415.3) 0.0037
2 94.81279 64 0.0074 1.488506 (64, 3415.3) 0.0074
3 110.9086 64 0.0003 1.745291 (64, 3415.3) 0.0003
4 106.7975 64 0.0006 1.679590 (64, 3415.3) 0.0006
5 124.8360 64 0.0000 1.968454 (64, 3415.3) 0.0000
6 129.9772 64 0.0000 2.051061 (64, 3415.3) 0.0000
7 121.9031 64 0.0000 1.921384 (64, 3415.3) 0.0000
8 70.11506 64 0.2800 1.096813 (64, 3415.3) 0.2801
9 97.53325 64 0.0044 1.531823 (64, 3415.3) 0.0044
10 73.24462 64 0.2007 1.146291 (64, 3415.3) 0.2008

Note: Data processed by the authors (software: Eviews 12)
Source: Own elaboration

Table 9 presents the results of the test, which allows rejecting H0 for the number of lags equal 
to 9, which postulates the non-existence of autocorrelation of serial residuals, a crucial require-
ment for the estimation of a robust model.

Table 10 shows the shocks between the stock indexes of Austria (ATX), Serbia (BELEX 15), 
Hungary (BUX), Croatia (CROBEX), Russia (IMOEX), Czech Republic (PRAGUE PX), Slove-
nia (SBI TOP) and Poland (WIG), for the Stress subperiod. When we apply 9 lags to the Grang-
er Causality Tests, we find that 42 (out of 56 possible) pairs of markets show co-movements be-
tween each other.

In this subperiod of uncertainty in the global economy, the markets that had more influence 
on the remaining markets were the markets represented by the ATX, BUX, CROBEX and 
PRAGUE PX indexes, which showed 6 causal relations in 7 possible ones. The ATX index dur-
ing this period showed predictive capacity over the behavior of indexes such as the BELEX 15, 
the CROBEX, the IMOEX, the PRAGUE PX, the SBI-TOP and the WIG. The BUX index in-
fluenced the ATX, the BELEX 15, the CROBEX, the PRAGUE PX, the SBI-TOP and the WIG 
stock markets. The Croatian stock index influenced the ATX, BELEX 15, BUX, PRAGUE PX, 
SBI-TOP and WIG indexes. PRAGUE PX is also considered, for the sample period under study, 
as a market with a strong influence on the remaining markets, specifically on ATX, BELEX 15, 
CROBEX, IMOEX, SBI-TOP and WIG. 

Still with a relative influence, the indexes BELEX 15 and SBI-TOP present 5 causal relations 
out of 7 possible ones. In the case of BELEX 15, it caused the indexes ATX, IMOEX, PRAGUE 
PX, SBI TOP and WIG. The SBI-TOP caused the ATX, the BUX, the CROBEX, the PRAGUE 
PX and the WIG. 

Finally, with 4 causal relations out of 7 possible ones, the IMOEX index appeared, which showed in-
fluence on ATX, BELEX 15, BUX and SBI-TOP. Also, the WIG showed 4 out of 7 causal relations, 
namely with the ATX, the BELEX 15, the IMOEX and the PRAGUE PXn general, during the qui-
et period, 16 causal relations were found in 56 possible ones. During the Stress period, on the other 
hand, there was a very significant increase in the number of causal relations between pairs of mar-
kets under analysis, inferring 42 causal relations out of a possible 56. These findings are in line with 
the results evidenced by the authors Pardal et al. (2021), Dias and Carvalho (2021b) which show that 
financial markets in periods of stress tend to increase their comovement among themselves.
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Table 10. Granger Causality Tests applied to the financial markets under analysis,  
in the period from 1st January 2020 to September 15th, 2022 (Stress Period)

Null Hypothesis F-Statistic Prob.
BELEX 15 does not Granger Cause ATX 2.41026** 0,0108
ATX does not Granger Cause BELEX 15 10.2502*** 7,00E-15
BUX does not Granger Cause ATX 14.4464*** 2,00E-21
ATX does not Granger Cause BUX 1.41261 0,1786
CROBEX does not Granger Cause ATX 17.2922*** 8,00E-26
ATX does not Granger Cause CROBEX 2.05753** 0,0312
IMOEX does not Granger Cause ATX 2.42010** 0,0104
ATX does not Granger Cause IMOEX 11.5216*** 7,00E-17
PRAGUE PX does not Granger Cause ATX 4.99444*** 2,00E-06
ATX does not Granger Cause PRAGUE PX 15.8923*** 1,00E-23
SBI TOP does not Granger Cause ATX 15.1678*** 1,00E-22
ATX does not Granger Cause SBI TOP 2.94479*** 0,002
WIG does not Granger Cause ATX 23.9718*** 1,00E-35
ATX does not Granger Cause WIG 1.87121* 0,0533
BUX does not Granger Cause BELEX 15 2.91111*** 0,0022
BELEX 15 does not Granger Cause BUX 0.88284 0,5402
CROBEX does not Granger Cause BELEX 15 6.90212*** 2,00E-09
BELEX 15 does not Granger Cause CROBEX 1.58932 0,1145
IMOEX does not Granger Cause BELEX 15 1.85790* 0,0554
BELEX 15 does not Granger Cause IMOEX 2.64553*** 0,0051
PRAGUE PX does not Granger Cause BELEX 15 9.89020*** 3,00E-14
BELEX 15 does not Granger Cause PRAGUEPX 2.54922*** 0,007
SBI TOP does not Granger Cause BELEX_15 0.91580 0,5107
BELEX 15 does not Granger Cause SBI TOP 2.17349** 0,0222
WIG does not Granger Cause BELEX 15 2.56960*** 0,0065
BELEX 15 does not Granger Cause WIG 1.90468** 0,0485
CROBEX does not Granger Cause BUX 2.05818** 0,0312
BUX does not Granger Cause CROBEX 21.4591*** 5,00E-32
IMOEX does not Granger Cause BUX 2.82029*** 0,0029
BUX does not Granger Cause IMOEX 0.74824 0,6646
PRAGUE_PX does not Granger Cause BUX 1.56872 0,1208
BUX does not Granger Cause PRAGUE PX 17.1802*** 1,00E-25
SBI TOP does not Granger Cause BUX 4.63684*** 6,00E-06
BUX does not Granger Cause SBI TOP 6.51677*** 6,00E-09
WIG does not Granger Cause BUX 0.75113 0,6619
BUX does not Granger Cause WIG 24.4322*** 3,00E-36
IMOEX does not Granger Cause CROBEX 1.20222 0,2905
CROBEX does not Granger Cause IMOEX 1.60669 0,1094
PRAGUE PX does not Granger Cause CROBEX 2.46770*** 0,009
CROBEX does not Granger Cause PRAGUE PX 19.6664*** 2,00E-29
SBI TOP does not Granger Cause CROBEX 20.2739*** 3,00E-30
CROBEX does not Granger Cause SBI TOP 2.22192** 0,0192
WIG does not Granger Cause CROBEX 1.11535 0,3493
CROBEX does not Granger Cause WIG 29.2575*** 6,00E-43
PRAGUE PX does not Granger Cause IMOEX 10.1195*** 1,00E-14
IMOEX does not Granger Cause PRAGUE PX 0.96218 0,4703
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SBI TOP does not Granger Cause IMOEX 1.53859 0,1305
IMOEX does not Granger Cause SBI TOP 1.97262** 0,04
WIG does not Granger Cause IMOEX 4.29346*** 2,00E-05
IMOEX does not Granger Cause WIG 0.49442 0,8787
SBI TOP does not Granger Cause PRAGUE PX 12.3335*** 4,00E-18
PRAGUE PX does not Granger Cause SBI TOP 1.90168** 0,0489
WIG does not Granger Cause PRAGUE PX 19.4386*** 5,00E-29
PRAGUE PX does not Granger Cause WIG 2.94111*** 0,002
WIG does not Granger Cause SBI TOP 1.07866 0,3763
SBI TOP does not Granger Cause WIG 20.0243*** 7,00E-30

Note:  Data processed by the authors (software: Eviews 12).  
The asterisks ***, **, * indicate statistical significance at 1%, 5% and 10%, respectively

Source: Own elaboration

Overall, during the Tranquil period, ATX was the market that most influenced the behavior of 
the other capital markets under analysis, showing 5 causal relations out of 7 possible (BUX, 
CROBEZ, IMOEX, PRAGUE PX and WIG), followed by PRAGUE PX with 4 causal rela-
tions out of 7 possible (BELEX, BUX, IMOEX and SBI TOP). In turn, causing 2 markets, in 
the Granger sense, out of the 7 possible, are followed by the BUX (ATX and WIG), the SBI 
TOP (BUX and WIG) and the WIG (IMOEX, PRAGUE PX) price indexes. The CROBEX only 
showed 1 causal relation with the remaining pairs of capital markets under analysis (PRAGUE 
PX). Finally, BELEX and IMOEX, during the Tranquil period, did not cause any market.

5. CONCLUSION

This paper aimed to investigate the movements between the capital markets of Austria (ATX), 
Serbia (BELEX 15), Hungary (BUX), Croatia (CROBEX), Russia (IMOEX), Czech Republic 
(PRAGUE PX), Slovenia (SBI TOP) and Poland (WIG), in the period from September 18th, 2017, 
to September 15th, 2022. To achieve more robust results, we divide the sample into two sub-pe-
riods: the quiet period from September 18th, 2017, to December 31st, 2019; the period from Jan-
uary 1st, 2020, to September 15th, 2022, marked by the global pandemic (Covid-19), the oil price 
war in 2020 and the Russian invasion in 2022, we call Stress Period. 

The time series show non-normal distributions due to the presence of fat tails, a characteristic 
that is usual in periods of extreme volatility. The results of the VAR Granger Causality/Block 
Exogeneity Wald Tests model verified the existence of 16 pairs of markets showing co-move-
ments between them, during the quiet subperiod, the market that causes more co-movements is 
the Austria stock market (ATX), while the Russia stock index (IMOEX) does not cause shocks 
in the markets under analysis. In the Stress subperiod, we verify the presence of 42 pairs of mar-
kets causing each other in the Grangerian sense, the stock indexes ATX, BUX, CROBEX and 
PRAGUE PX present 6 causal relations in 7 possible, while the Russian capital market (IMO-
EX) and the Polish capital market are the ones that cause less (4 in 7 possible). 

Specifically, we find consistent movements in the daily returns of Central and Eastern Europe-
an stock indexes during the period of financial market stress. This convergence could be a sign 
of development from countries that are in the process of virtual integration, but such findings 
could jeopardize the implementation of efficient portfolio diversification strategies and possibly 
some above-market gains due to arbitrage levels.
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