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ABSTRACT

This study aims to investigate the correlation and the spillover
effects between Central and East European (CEE) Countries’
stock markets during the Covid-19 Pandemic Period. CEE
countries are listed as Bulgaria, Croatia, the Czech Republic,
Hungary, Poland, Romania, the Slovak Republic, Slovenia, Estonia,
Latvia, and Lithuania by OECD. The data set was obtained from
the Bloomberg data services and includes 308 observations of
daily returns between March 11", 2020 and August 1, 2021. As
a result of the empirical analysis using the Pearson Correlation,
the Multivariate VAR Model, and the Granger Causality Test,
a high correlation was found between the stock markets of
CEE countries, and 15 causality relationships were determined.
The analysis also revealed bidirectional relationships between
the Bulgaria Stock Exchange Index and Romania Bucharest
Stock Exchange Index, the Polish Warsaw Stock Exchange
Index and Croatia Zagreb Stock Exchange Index, the Romania
Bucharest Stock Exchange Index and Bulgaria Stock Exchange
Index, and the Croatia Zagreb Stock Exchange Index and Polish
Warsaw Stock Exchange Index. High correlation and causality
relationships, which are also supported by impulse-response
and variance decomposition test results, reveal that there is a
spillover effect between the stock markets of CEE countries.
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Spillover Effects of Stock Markets in the COVID-19 Pandemic Period

1. Introduction

Globalization and the development of technology have facilitated the portfolio
allocation transactions of international investors. International financial markets have
become more globalized and so more open to capital inflows and outflows (Beji &
Xiii, 2007). Thereby, international capital may solve developing countries’ economic
and social problems (Balcerzak & Zurek, 2011). However, this integration also
creates spillover effects between stock markets and this situation may affect the

returns and risks faced by international investors (Silvia, Zulpahmi & Sumardi, 2019).

Central and East European countries cover Central and Eastern Europe, the
Baltics, Eastern Europe, and Southeast Europe (Balkans) and refer to the former
communist states in Europe from the Eastern Bloc and Warsaw Pact. The academic
literature often uses the abbreviations CEE or CEEc for this term. The Organization
for Economic Cooperation and Development (OECD) also uses the term “Central
and Eastern European Countries (CEECs)" for a group of countries including Albania,
Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania, the Slovak Republic,
Slovenia, Estonia, Latvia, and Lithuania. In this study, all of these countries, except

Albania, for which we could not obtain reliable data, were included.

Within the framework of monetary expansions during the pandemic period,

the aim of this study is to answer the following research questions:

V' Is there any correlation between the stock markets of CEECs?
V' Is there a spillover effect between the stock markets of CEECs?

The spillover effect study was conducted using a Multivariate VAR Model and
the Granger Causality Test. As the first step, we used the Pearson Correlation
Coefficient analysis and observed a high correlation (a correlation above 0.50)
between many of the stock market indices. Afterward, the shock effects of all
stock indices on volatility in other market returns were analyzed by using the
Impulse Response Function Variance Decomposition analysis over 10 days.

According to the results of the analysis, in all stock markets, except Romania
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Bucharest Stock Exchange, first-day shocks have an effect on stock index returns.
These shocks increased from the second day to the tenth day. Finally, the Granger
Causality Test was used to determine the causality relationships and their
directions. This analysis reveals bidirectional relationships between the Bulgaria
Stock Exchange Index and Romania Bucharest Stock Exchange Index, the Polish
Warsaw Stock Exchange Index and Croatia Zagreb Stock Exchange Index, the
Romania Bucharest Stock Exchange Index and Bulgaria Stock Exchange Index, and
the Croatia Zagreb Stock Exchange Index and Polish Warsaw Stock Exchange
Index. Thereby, the empirical analysis of our study reveals that there is a spillover
effect between the stock markets of CEE countries COVID-19 Pandemic Period.

The findings of this study regarding the correlation and spillover effect
observed between the stock markets of CEE countries can guide the academicians
who work on the economies of these countries and for the investors who are at
the stage of investing in the stock markets of CEE countries. Considering the

spillover effect between markets can reduce the market risk of investments.
2. Literature Review

Diebold and Yilmaz (2010) investigated the spillover effect between stock
market, bond market, foreign exchange market, and commodity market in the US
between January 1999 and January 2010. In their study, they produced ever-
changing indices for the spillover effect and found that the volatility spread in
each of the four markets is not much different. However, their results showed the
importance of spreading volatility from the US stock market to other markets

during and after the subprime crisis.

Li and Giles (2015) examined the volatility spillover across the US, Japan,
China, India, Indonesia, Malaysia, the Philippines, and Thailand stock markets for
the period between January 1%, 1993 and December 31¢, 2012. They observed a
volatility spillover from the US to Asian developing economies and Japan.
Bidirectional volatility spillover between the US and Asian markets is also

observed during the Asian financial crisis.
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Bajo-Rubio, Berke, and McMillan (2017) examined the spread of returns and
volatility between the Turkish stock market and the international stock, exchange
rate and commodity markets. They analyzed the data belonging to the 1999-2015
period. The key finding of their analysis is that there is a spillover effect across all

markets and this effect has strengthened as a result of the 2008 financial crisis.

Kang, Eom, and Ok (2017) investigated spillover across nine emerging Credit
Default Swap (CDS) markets (Brazil, China, Indonesia, Korea, Malaysia, Philippines,
Russia, South Africa, and Thailand) using the multivariate DECO-GARCH Model. The
data includes weekly CDS data from January 7%, 2005 to July 15%, 2016. Their results
showed that the volatility spillover effect increased since the last global financial crisis.

Therefore, their results supported the contagion effect during market turmoil.

Bozma and Basar (2018) analyzed the volatility transmission between the stock
markets of Turkiye, Romania, Poland, Hungary, and Ukraine, using daily data from
January 2011 to December 2016. The econometric analysis was carried out by
using the BEKK-GARCH model. Their findings showed that the Turkish BIST100

Index was affected by the volatilities in the Polish and Hungarian stock markets.

Silvia et al. (2019) investigated the spillover effect and correlation between
stock indices in Indonesia, Malaysia, Thailand, India, China, and Taiwan. They used
Pearson Correlation, Multivariate VAR Model, and Granger Causality Test in their
analysis. The data includes daily returns from May 13 2011 to October 17%,
2017. According to the results of the study, there is a low correlation between
markets. The fluctuations of the Indonesian stock index have a spillover effect on
all markets in Asia. It also revealed that there is a bidirectional relationship
between the Indonesian market and the Thai, Indian, and Taiwanese markets, but
only a one-way relationship between the Indonesian market and the Malaysian

and Chinese markets.

Gulzar, Kayani, Xiaofeng, Ayub, and Rafique (2019) investigated the spillover
effect of the global financial crisis in India, China, Pakistan, Malaysia, Russia, and
Korea with data from July 1%, 2005 to June 30™, 2015. Johansen and Juselius
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Cointegration Test, VECM, and GARCH-BEKK Model were used in the study.
According to the results, the level of cointegration between the US market and
the emerging stock markets increased after the crisis. VECM and the impulse
response function revealed that a shock in the US financial market had a short-

term effect on the returns of emerging financial markets.

Alkan and Cigek (2020) examine the spillover effect between global economies
and Turkiye, using BEKK and GARCH models. Their findings showed that there is
a strong average spread from the global markets to the domestic stock and bond
markets; from the stock and foreign exchange markets to the bond market; the
return of the dollar to the stock market. These results indicated that Turkiye is
tightly integrated into the global markets.

Berberoglu (2020) examined the volatility and spillover effects between the
stock markets of Turkiye, Italy, Russia, and Greece from January 1%, 2010 to
December 31%, 2018, by using cointegration, ARCH-LM, VAR, and VAR-MGARCH
models. The results of the study showed that the volatility spillover effect is

effective in all stock markets.

Yousaf, Ali, and Wong (2020) used the VAR-AGARCH Model to examine stock
index returns and volatility transfers from the US and China to India, Indonesia, Korea,
Malaysia, Pakistan, Philippines, and Taiwan. Their comprehensive analysis revealed
that both returns and volatility spreads differ between different stock pairs during
financial crises. Their findings showed a significant spillover from the US to Asian stock
markets during the US financial crisis and the Chinese stock market crash. This indicates
that US stock prices play an important role in predicting the prices of the majority of
Asian stock markets over the entire period and all sub-periods.

This study aims to guide academics who work on the economies of CEE
countries and investors who are at the stage of deciding to invest in these markets
by using the current data of the COVID-19 Pandemic Period. In this process,
where volatility is high in stock markets, taking into account the spillover effect

between the markets will reduce the market risk of investments.
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3. Empirical Methods

We used the time series data, including daily closing prices of the stock
markets, of Central and Eastern European countries which were obtained from the
Bloomberg data services, and the E-views 9 econometric analysis program in

order to perform the empirical analysis.

The data covers the period from March 11%, 2020, which was the declaration
date of the global epidemic by the World Health Organization, to August 1¢,
2021, and includes 308 observations. These are the observations of the days
when all markets were open at the same time.

Table 1 contains the stock market indices of the Central and East European

countries to which the observations belong.

Table 1. Variables

BET Romania Bucharest Stock Exchange Index
BUX Hungary Budapest Stock Exchange Index
CRO Croatia Zagreb Stock Exchange Index

PX The Czech Republic Stock Exchange Index
RIGSE Latvia Stock Market Index (OMX Riga)
RIKSE Lithuania Stock Market Index (OMX Vilnius)
SBITOP Slovenia Ljubljana Stock Exchange Index
SKSM Slovakia Stock Exchange Index

SOFIX Bulgaria Stock Exchange Index

TALSE Estonia Tallinn Stock Exchange Index
WIG20 Polish Warsaw Stock Exchange Index

Financial time series, such as currencies, stock indices, etc., are generally not
stationary. Therefore, it is useful to analyze the root test of the series. In this study, we
used Augmented Dickey-Fuller (ADF) (Dickey & Fuller, 1979, 1981) and Phillips-
Perron (PP) unit root tests (Philips & Perron, 1988, pp. 335-346) to analyze the time
series. According to the findings of ADF and PP unit root tests, t-statistics (probability
values) were compared with the 5% MacKinnon critical values. Then, it was determined
whether the series was stationary or not. The results of the analysis were tested against

null and alternative hypotheses for stationarity (MacKinnon, 1996).
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Figure 1. Daily Returns for Central and East European Countries’ (CEEc) Stock
Markets, March 11t, 2020 — August 1%, 2021
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Afterwards, the Vector Autoregressive (VAR) Model developed by Sims (1980)
was used to explore the dynamic linkage among the volatility of CEE Countries. Sims
states that in the case of simultaneity among the variables, all variables should be
treated equally and no distinction should be made in terms of internal and external
variables (Gujarati, 2001, pp. 746-747). In addition, the use of the Least Squares
method makes the estimation of the VAR Model easier (Maddala, 2001, p. 544).
The VAR Model was analyzed by the following two equations:

Y100 By 1 TP Yo T Y 1 T Y0 TON V301205t ()
Vo= 020 By Y1t B Yoy 0oy V1t TV Vaa 7021 0y,57 022 8,5 T (3
Finally, since the number of lags of the variables in the VAR Model was high, making

it difficult to determine the variable groups affecting the dependent variables, the
Granger Causality Tests were used (Granger 1969; Granger & Newbold, 1974).

Causality tests seek an answer to the question “Do changes in cause changes in

?".In Granger causality, there may be a one-way or two-way causal relationship
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between and , or there may be no relationship between these variables. This
study investigates the causality relationship between CEE Countries’ stock markets

instead of the variables of and in the model.
4. Empirical Analyses and Discussions

It is useful to know the common trends of the series before the Granger Causality
Test analysis. For this reason, it was necessary to examine the statistical information

of the series. Table 2 shows the descriptive statistics of these series.

Because the negative skewness value and the kurtosis value were greater than
3, all return series did not follow the normal distribution. The skewness was
negative for all variables; therefore, all stock index returns had a long left tail. A
high kurtosis value means that series have heavy tails. In other words, all stock
index returns have a leptokurtic distribution form that has a stronger peak and

heavier tail compared to the normal distribution (Silvia et al., 2019).

Table 3 indicates The Pearson Correlation Coefficient among stock index
returns. The correlation coefficient takes a range of values between -1 and +1. A
value of 0 indicates that there is no relationship between the two variables. A
value greater than 0 means a positive relationship between the two variables, that
is, as the value of one variable increases, the value of the other variable also
increases. A value less than 0 indicates a negative relationship between the two
variables, that is, as the value of one variable increases, the value of the other

variable decreases.

A correlation coefficient value between 0.10 and 0.30 indicates a low
correlation, between 0.30 and 0.50 indicates a medium level correlation, and a

correlation above 0.50 indicates a high level of correlation.

According to the results of the Pearson Correlation Coefficient analysis, a high

correlation was observed between the following stock market indices:
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Romania Bucharest Stock Exchange Index-Croatia Zagreb Stock Exchange
Index (0.6190)

Romania Bucharest Stock Exchange Index-The Czech Republic Stock Exchange
Index (0.598)

Romania Bucharest Stock Exchange Index-Slovenia Ljubljana Stock Exchange
Index (0.593)

Romania Bucharest Stock Exchange Index-Estonia Tallinn Stock Exchange Index
(0.527) Romania Bucharest Stock Exchange Index-Polish Warsaw Stock
Exchange Index (0.515)

Hungary Budapest Stock Exchange Index-Croatia Zagreb Stock Exchange
Index (0.582)

Hungary Budapest Stock Exchange Index-The Czech Republic Stock Exchange
Index (0.684)

Hungary Budapest Stock Exchange Index-The Czech Republic Stock Exchange
Index (0.684)

Hungary Budapest Stock Exchange Index-Slovenia Ljubljana Stock Exchange
Index (0.513)

Hungary Budapest Stock Exchange Index-Polish Warsaw Stock Exchange Index
(0.618)

Croatia Zagreb Stock Exchange Index-The Czech Republic Stock Exchange
Index (0.580)

Croatia Zagreb Stock Exchange Index-Lithuania Stock Market Index (0.539)
Croatia Zagreb Stock Exchange Index-Estonia Tallinn Stock Exchange Index
(0.618)

Croatia Zagreb Stock Exchange Index-Slovenia Ljubljana Stock Exchange
Index (0.675)

Croatia Zagreb Stock Exchange Index-Polish Warsaw Stock Exchange Index
(0.588)

The Czech Republic Stock Exchange Index-Slovenia Ljubljana Stock Exchange
Index (0.569)

The Czech Republic Stock Exchange Index-Estonia Tallinn Stock Exchange
Index (0.533)

The Czech Republic Stock Exchange Index-Polish Warsaw Stock Exchange
Index (0.577)

Slovenia Ljubljana Stock Exchange Index-Bulgaria Stock Exchange Index
(0.545)
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Slovenia Ljubljana Stock Exchange Index-Estonia Tallinn Stock Exchange Index

(0.592)
- Slovenia Ljubljana Stock Exchange Index-Polish Warsaw Stock Exchange Index

(0.542)

Table 4. Optimum Lag Length

Lag LogL LR FPE (e-50) AIC sC HQ
0 12490.26 NA 1.1700* -83.7534* -83.6169* -83.6987*
1 12577.18 166.8365 14700 -83.5246 -81.8870 -82.8691
2 12636.83 110.0964 2.2300 -83.1129 -79.9741 -81.8565
3 12709.61 128.9553 3.1100 -82.7893 -78.1493 -80.9319
4 12794.56 1442463 4.0200 -82.5473 -764062 -80.0891
5 12869.01 120.9189 5.6300 -82.2349 -74.5926 -79.1758
6 12974.72 163.8759* 6.4600 -82.1323 -72.9888 -78.4722
7 1307146 142.8435 8.0100 -81.9695 -71.3248 -77.7085
8 13153.06 1144537 1.1200 -81.7050 -69.5592 -76.8432
9 13261.35 1439061 1.3300 -81.6197 -67.9728 -76.1570
10 13370.51 137.0035 1.6200 -81.5403 -66.3921 -754766

Notes: * indicates lag order selected by the criterion. FPE: Final prediction error, AIC: Akaike information criterion,
SC: Schwarz information criterion, LR: sequential modified LR test statistic (each test at 5% level), HQ: Hannan-Quinn
information criterion.

As seen in Table 4, FPE, AlIC, and HQ values were in the same direction and 0.

On the other hand, LR is based on a minimum of 6 lag lengths. Therefore, 6 lags

were used in the study.

Figure 2. AR Characteristic Inverse Polynomial Roots in the Unit Circle
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Finally, for the stationary variables, it should also be tested whether all the
characteristic polynomial roots are contained within the unit circle to test the
stability of the VAR model. The unit circle included all its characteristic roots, as

seen in Figure 2. Therefore, there was no problem in terms of stationarity.

The stability of VAR model is required to construct a valid Impulse Response
Function and Variance Decomposition analysis. The shock effects of all stock
indices on volatility in other market returns can be analyzed by using the Impulse
Response Function Variance Decomposition analysis over 10 days. In all stock
markets, except Romania Bucharest Stock Exchange, first-day shocks had an effect
on stock index returns. These shocks increased from the second day to the tenth

day. These results are presented in Annex 1 and 2.

Table 5. Results of Granger Causality Test

E)lrectlon of Causality Chi-square Probability
CRO BET 14.3062 0.0264
SBITOP BET 12.3057 0.0462
SOFIX BET 12.3725 0.0498
PX BUX 12.3348 0.0487
WIG 20 CRO 12.3840 0.0499
SOFIX PX 12.1666 0.0433
TALSE PX 12.3501 0.0470
CRO RIGSE 154017 0.0174
WIG 20 RIKSE 12.3840 0.0499
CRO SBITOP 154385 0.0171
CRO SKSM 14.8527 0.0233
BET SOFIX 12.2927 0.0458
CRO SOFIX 144985 0.0245
RIKSE SOFIX 12.3819 0.0498
CRO WIG 20 14.9490 0.0207

Notes: The rejection of null hypotheses at 5 % (p < 0.05).

Table 5 presents the results of the Granger Causality Test. According to these
results, there is a one-way relationship between the Croatia Zagreb Stock
Exchange Index and Romania Bucharest Stock Exchange Index, the Slovenia
Ljubljana Stock Exchange Index and Croatia Zagreb Stock Exchange Index, the
The Czech Republic Stock Exchange Index and Hungary Budapest Stock Exchange
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Index, the Bulgaria Stock Exchange Index and The Czech Republic Stock Exchange
Index, the Estonia Tallinn Stock Exchange Index and The Czech Republic Stock
Exchange Index, the Croatia Zagreb Stock Exchange Index and Latvia Stock Market
Index, the Croatia Zagreb Stock Exchange Index and Slovakia Stock Exchange
Index, the Croatia Zagreb Stock Exchange Index and Bulgaria Stock Exchange
Index, and the Lithuania Stock Market Index and Bulgaria Stock Exchange Index.

On the other hand, Table 5 presents that there is a bidirectional relationship
between the Bulgaria Stock Exchange Index and Romania Bucharest Stock
Exchange Index, the Polish Warsaw Stock Exchange Index and Croatia Zagreb
Stock Exchange Index, the Romania Bucharest Stock Exchange Index and Bulgaria
Stock Exchange Index, and the Croatia Zagreb Stock Exchange Index and Polish

Warsaw Stock Exchange Index.
5. Results

This study aims to contribute to the academic literature on the analysis of the
correlation and the spillover effects between Central and East European (CEE)
Countries’ (Bulgaria, Croatia, the Czech Republic, Hungary, Poland, Romania, the
Slovak Republic, Slovenia, Estonia, Latvia, and Lithuania) stock markets during
COVID-19 Pandemic Period.

The data set was obtained from the Bloomberg data services and includes 308
observations of daily returns between March 11, 2020 and August 1+, 2021.
Firstly we used the Pearson Correlation Coefficient analysis. According to the
results, a high correlation (a correlation above 0.50) was observed between many
of the stock market indices. Afterward, the shock effects of all stock indices on
volatility in other market returns were analyzed by using the Impulse Response
Function Variance Decomposition analysis over 10 days. According to the results
of the analysis, in all stock markets, except the Romania Bucharest Stock Exchange,
first-day shocks had an effect on stock index returns. These shocks increased from
the second day to the tenth day. Finally, the Granger Causality Test was used to
determine the causality relationships and their directions. As a result, 15 causality
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relationships were determined. The analysis also reveals bidirectional relationships
between the Bulgaria Stock Exchange Index and Romania Bucharest Stock
Exchange Index, the Polish Warsaw Stock Exchange Index and Croatia Zagreb
Stock Exchange Index, the Romania Bucharest Stock Exchange Index and Bulgaria
Stock Exchange Index, and the Croatia Zagreb Stock Exchange Index and Polish
Warsaw Stock Exchange Index. Thereby, the empirical analysis of our study reveals
that there is a spillover effect between the stock markets of CEE countries in the
Covid-19 Pandemic Period.
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