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Abstract: The debate on the UK leaving the European Union is still hot and ongoing today due to
many economic, political, social, and other consequences on many different countries over the world.
This paper focuses on the reactions of selected Central and Eastern European (CEE) and South and
Eastern European (SEE) stock markets to the Brexit vote on 23 June 2016. Using daily data for the
time span from January 2010 until July 2016 and the event study methodology (ESM), the return
and volatility series are being tested for significant reactions to the Brexit event. The results indicate
mixed results regarding the abnormal cumulative return series, but the volatility series were found to
be significantly affected by the mentioned event. This is important for international investors and
gives information on the reaction of mentioned markets to big political and economic events in order
to tailor international portfolios in a way to hedge from risk.

Keywords: Brexit; stock market reaction; event study; emerging markets; abnormal return;
abnormal volatility

JEL Classification: C12; C58; G14

1. Introduction

The debate on the efficient market hypothesis (EMH) of Fama (1965, 1970) is still ongoing today.
One of the challenges to the EMH is the different events which influence stock price, return, and
volatility movements. Literature has established that more than 300 factors ranging from economic,
political, social, etc. influence stock price movements (Harvey et al. 2014). Several major events have
been affecting the Europe in the last couple of years, with the controversies of United Kingdom leaving
the European Union being one of the most influential ones. Economic consequences of this event
(popularly termed Brexit) have been already estimated to be substantial, with total economic costs
amounting up to 1.5% of GDP in the third quarter of 2017, and more than 60 billion pounds of those
costs amounting by the end of 2018 (Born et al. 2017)!. Since financial markets, and especially stock
markets today react strongly to many different events which happen constantly, it remains a difficult
task for investors to carry out good? portfolio management.

Since several major world stock markets have significantly responded to the Brexit vote in
2016 (more details will be provided in the second section), it is important to evaluate the stock
market reactions to major political, economic and other events constantly in order to get a clearer

Several other implications and estimations on the effects on different (macro)economic variables can be found in:
Bruno et al. (2016), Dhingra et al.. (2016) or Simionescu (2018) for FDI effects; Belke and Ptok (2018) for trade consequences;
Centre for European Policy Studies (2017) for total economic costs for UK and EU 27. Other estimated consequences are
reviewed in a meta study of Busch and Jiirgen (2016).
Good in terms of achieving desired investment goals.
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picture on what to expect in the future. This is important both for policymakers in order to adjust
the (macro)economic policy measures regarding the stability of financial markets and the economy
as a whole; but also for (international) investors in the process of portfolio and risk management.
The Central and Eastern European (CEE) and South and East European (SEE) stock markets as mostly
developing ones are not researched enough in many aspects of portfolio management and finance in
general. The effects of the Brexit vote have been explored in the last three years for different stock
markets. However, there exists a gap in the academic literature regarding the effects on CEE and SEE
markets. The majority of existing research observed how developed markets reacted to the Brexit vote.
Since research exists which has shown that CEE and SEE markets are more integrated with developed
ones today than before, it is reasonable to assume that effects of the Brexit vote have spilled over to
CEE and SEE markets as well. One of the reasons why there exists a gap regarding the mentioned
markets could be the smaller liquidity of those markets compared to more developed markets. In that
way, the less liquid markets become less popular for investors and for detailed research. Moreover,
the CEE and SEE capital markets have less importance for their domestic economies and in corporate
finance (see Koke and Schroder 2003). Thus, the purpose of this paper is to empirically evaluate the
effects of the Brexit vote on the selected market returns and volatilities. In that way, information can be
provided on the efficiency of those markets, as well as how much those markets are connected to the
happenings in the Europe. Moreover, in the empirical literature it is found that these markets usually
provide somewhat international diversification possibilities. This means that if positive effects of Brexit
are found on these markets, international investors could have obtained some hedging investment
possibilities on them, due to their (still bit) lower correlations with more developed ones.

The usual approach of the evaluation of such effects in the literature is the event study
methodology (ESM) since it has been proven over several decades to be a good tool in finance,
and especially in the field of corporate finance. The rest of the paper is structured as follows. Second
section gives an overview of the related literature. The third section describes the used methodology
in this research, with results being shown in the fourth section. This section deals with the empirical
evaluation of the Brexit vote on selected CEE and SEE markets. Discussion on the results is provided
in the fifth section with conclusions in the final, sixth section.

2. Previous Related Research

Due to the interest of many parties, including policy makers, investors, and other economic agents
involved in the international trade, the effects of the Brexit vote referendum and the British foreign
policy are in the focus of many countries, especially the European ones. The academic literature is
also focusing on this topic more and more in the last three years. Here are the results of the existing
research on this topic regarding the effects of the Brexit vote on global stock markets. One group of
authors utilizes the ESM approach in order to evaluate the short-term effects in the next several days
after the event on the stock market returns. The second group also examines the Brexit vote effects on
return series or volatilities; however, authors here use different approaches (such as regression analysis
quantile regression, frequency domain analysis, panel data analysis, etc.).

Quaye et al. (2016) extensively analyzed the effects of the Brexit vote on stock markets, banks,
bonds, and other markets over the word by going through newspaper articles and doing a comparative
analysis of the values of the indices and prices of different financial assets. Authors report the following:
after the Brexit vote, the FTSE 250 dropped by 7.2% the next day, FTSE 100 3.2%, Dow 3.4%, Nasdaq
4.12%, Hang Seng 2.9%, Topix by 7.3%, Euro Stoxx 600 by 7%, ASX 3.2%, DAX by 7%, CAC 8%, and
FTMIB 12%. These major indices reacted to a great extent, as well as authors found strong reaction of
the British pound exchange rate to other major currencies. Other interesting results can be found in
this paper; however, no statistical analysis was performed to evaluate the results via formal testing.
The authors mention in the conclusion that ESM can be done in the future work. Amewu et al. (2016)
apply the usual ESM approach by using a market model to estimate the abnormal return series for the
standardized test and a non-parametric one (the sign test) for the companies listed on the following
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markets: USA, UK, China, Japan, Germany, and South Africa (the time span is 315 days before the
Brexit vote on 23 June 2016 and 15 days after the vote). Only the Chinese market reacted positively to
the event; while other markets experienced significant decline in the return series and every market
with the exception of the German and UK ones re-bounced to the value before the event day at day +2.
Dadurkevicius and Jansonaite (2017) focus on modelling the implied volatility index of the FTSE 100 by
using political uncertainty variable, binary variables and the Google search results on the word Brexit.
The authors focus also on the companies which are more industry and selling oriented and apply the
ESM approach as well. The results indicate that the risk increased before the event due to political
uncertainty; the return series differed with their reactions due to different characteristics of sectors to
which the returns belonged to. A quantile regression approach with inclusion of the binary variable for
the Brexit was used in Bohdalova and Gregus (2017). This research observed bigger European markets
(German, French, Irish, Spanish) and bigger emerging ones (Polish and Turkish), with the time span
ranging from beginning of 2000 until February 2017. A significant positive effect of the Brexit vote
was found in total results, with the greatest impact on the Spanish market and least effects on the
Polish. Authors interpret positive results as increasing co-movements between the observed markets.
Asymmetric effects of Brexit on individual market returns were found to be significant on different
observed quantiles.

Bouoiyour and Selmi (2016) applied a frequency domain causality test and a quantile regression
approach to evaluate the effects of uncertainty regarding Brexit on the equity markets of UK, Germany,
and France (returns and volatility indices of mentioned markets). Since authors focused on the total
uncertainty, Google search results and Twitter tweets regarding the whole process of UK leaving the
EU before the Brexit vote, the time span used in the study was January 2010-July 2015. Based upon the
results, authors conclude that the German market would suffer the most, followed by French and UK
markets. Volatilities and their spillovers were in the focus of Belke et al. (2016). The spillover index,
panel and single country SUR (seemingly unrelated regression) regressions are the methodologies
applied in this study, where the Brexit effects are observed on the stock returns, sovereign CDS-es
(credit default swaps) the 10-year interest rate and the exchange rate (British pound to Euro). The Brexit
vote resulted with huge spillovers on financial markets with a magnitude which was never observed
before, as authors concluded. Caporale et al. (2018) focused on the FTSE 100 Volatility Index and
the volatility indices of exchange rates of British pound the American dollar, Euro and Japanese Yen
(period: January 2014 until October 2017). Authors modeled ARMA3® models of the volatility indices
with the inclusion of fractal integration in the observed processes and found that in the short run the
Brexit vote had a significant impact on all series except the exchange rate to Yen. Alkhatib and Harasheh
(2018) apply the ESM approach to the exchange traded funds (ETFs) on London Financial Centre with
the event window of —10 to +10 days. The funds have been grouped into several clusters, depending
upon the region the ETFs were investing the most (e.g., emerging markets). Using several estimation
approaches of the market model, authors obtained results as follows. The emerging markets ETFs
gained some returns, as well as the equity-oriented funds. In that way, possibilities to hedge against
uncertainty risks regarding the Brexit vote could have been obtained. Kurecic and Kokotovic (2018)
applied the unit break tests on 12 stock indices in USA, UK, Russia, China, South America, Hong Kong,
Europe, and Japan (range: May 2016-July 2017). Several dates regarding political uncertainty are
observed and included in testing for structural breaks in the stock index series, including the Brexit
vote. The results indicated that with the exception of the Hang Seng and JSE indices, all other indices
exhibited structural breaks on 24 July 2016. Authors concluded that the Brexit vote thus had negative
effects on the selected world indices. Burdekin et al. (2018) focused on different stock returns around
the world (64 countries) for the period from January until June 2016. Authors used country stock
indices and the world market index as a factor to use in the model to estimate the abnormal return series.

3 Autoregressive Moving Average.
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Authors did not utilize the event study methodology. Instead, they utilized the regression analysis with
the inclusion of a binary variable for the date when the Brexit vote was scheduled. The conclusions
indicated negative abnormal returns for the majority of the countries analyzed, with PIIGS countries
being affected the most. Sultonov and Jehan (2018) focused on Japan's foreign exchange market and
stock markets reactions to Brexit vote (and the US presidential elections). The MGARCH methodology
was applied for the return series (for the period 9 February 2016 to 24 March 2017, daily data). Authors
calculated differences between the mean returns before and after significant dates, as well the dynamic
conditional correlations before and after the events. All of the observed series had a significant change
after the events, meaning that uncertain political events reflect on the Japanese stock and foreign
exchange markets.

The results are somewhat mixed, with the majority of the research finding that the Brexit vote had
a negative effect on global stock market returns, with some hedging possibilities on few stock markets
and other financial assets. Since there exists a gap in the literature regarding CEE and SEE countries,
this research will focus on those countries in order to obtain first insights.

3. Methodology

The event study methodology is very familiar today for assessing the effects of any type of events
on stock returns. In this section we follow Brown and Warner (1980, 1985); Strong (1992); MacKinlay
(1997) and Binder (1998) to briefly describe the methodology used in the empirical part of the research.
Since we focus on the country market indices and use regional market index as the market factor in the
analysis, the notation is as follows. Suppose we have data on actual returns of N stock indices at date
t,Rip,i€{l,2,...,N},te{l,2,...,T}. Conditional returns are denoted with E(R;; | (};), where ()
denotes available information at date t. The conditional returns are used to evaluate the effects of the
event on the stock returns. Thus, abnormal returns AR;; are calculated as the difference between the
realized returns and the conditional ones: AR;; = R;; — E(R;; | (;); with the conditional return being
estimated as the average pre-event widow return, via a market model of some form of asset pricing
models (capital asset pricing model, arbitrage pricing theory model, etc.).

Here, we use the following market model in order to estimate the conditional returns as follows:
E(R; 1 1O)) = a; + BiRpt + &y, where Ry, + denotes the return on the regional market index and the error
term is denoted with ¢; ;, where g;; ~ N(0, 0521_ )*. In order to test the hypothesis that the specific event
did not had any effects on stock returns, the AR;; is estimated in the event window. The duration
of the event window is usually a short time span in the literature®. In the first step, the average
abnormal return AR is calculated for every date T in the event window AR = 1/N Zfil AR; 1
with variances var(AR;) = 1/N 22?; 1 ‘73,- and the cumulative abnormal return CAR~ is calculated
as CAR; = Y. ARy for each day in the event window. The corresponding variance is var(CAR;) =
1/ NZZfil var(AR<) and the test value is defined as

CAR. )0_5 ~ N(0,1). (1)

L e S
var(CAR;

The non-parametric tests are often used when the number of stocks in the analysis is small, due to
those tests not depending upon the number of stocks. Popular test include the sign test, where the

If there exists autocorrelation and/or heteroskedasticity in the data, the least squares method of estimation of conditional
returns can be augmented with White (1980) corrected standard errors or Newey and West (1987) corrections. Details are
given in Kliger and Gurevich (2014).

Sheskin (2004) explains that shorter time span tests in the event study approach have more power of test compared to longer
time spans. Holler (2004) denotes that the event window typically varies from 1 to 11 days.
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proportion of CARs which are nonnegative is in the focus, i.e., the null hypothesis assumes that p < 0.5,
where p = P(CAR > 0). The test value here is defined as

~ ~03) % ~ N1, @)

o ()

where N* is the number of nonnegative CARs at date 7. The Wilcoxon (1945) signed rank test focuses
on the positive rank of the absolute value of abnormal returns RlT", where the test value at date 7 is
defined as

N
65 =Y R 3)
i=1

Volatility event study focuses on events affecting the volatilities of return series. This is found
less often in the event study literature and applications. However, the risk management in the total
portfolio management is a very important part. Thus, we test for the hypothesis that the event did
not have significant effects on the volatilities of observed returns. Following Agrawal et al. (2003)
and Balaban and Constantionu (2006), we firstly estimate the following GARCH (1,1) model for every
return series

‘th,i =i + 0‘1,1‘5%—1,1' + .Bl,ifftz_u + AiDy i, (4)

where D;; denotes binary variable equal to 1 day after the event and 0 otherwise. Then,
the cross-sectional test for abnormal volatility is performed by calculating the test value

A

(v ENa (i = A)7)

where A = %Zf\i 1 A;. Since we observe event window consisting of several days, (4) will be estimated
not only with a binary variable being equal to unit value for all of the days after the event.
A Wilcoxon sign test is performed by obtaining the estimated values of volatilities in the pre ((Tip )

04 = ~ N(0,1), ©)

and post ((Tl-p OSt) event window, as well as for the regional market return (ch" and (T,ﬁog) ; calculating

05 0.5
the ratios wf "= (Uipm / (7«,’:17€> and waSt = (crl.p =ty (TZOSt) , and apply the test to the pre event and
post event ratios.

More details on the event study methodology can be found in Serra (2002); Kothari and Warner

(2007) or Kliger and Gurevich (2014) and Conover (1980).
4. Empirical Analysis Results

4.1. Initial Results

The following data was collected from Thomson Reuters in order to empirically evaluate the
effects of the Brexit vote: daily data on stock market indices BELEX, BETI, BIRS, BUX, CROBEX,
PFTS, PX, SAX, SBITOP, SOFIX, and WIG (corresponding countries: Serbia, Hungary, Bosnia and
Herzegovina, Bulgaria, Croatia, Ukraine, Czech Republic, Slovakia, Slovenia, Romania, and Poland
respectively) and the regional CEE and SEE® indices for the period 4 January 2010 up until 8 July
2016. Descriptive statistics for the common sample is given in Appendix A in Table Al. In total,
1630 observations are available for every series. We use daily data since Brown and Warner (1985)
showed that daily data provide just as well-specified results of standard parametric test as monthly
data does. Firstly, we calculated the return values on the day after the Brexit vote (23 June 2016) in

6 Since OECD (2018a, 2018b) classifies some of the countries as CEE and SEE markets simultaneously, we opted to do the

whole procedure for both regional indices as “market” indices.
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order to get initial insight into the movements on the mentioned markets. The following returns were
calculated: —1.8% BELEX, —3.59% BETI, —0.2% BIRS, —4.56% BUX, —1.67% CROBEX, —0.24%PFTS,
—4.36% PX, 0.01% SAX, —2.18% SBITOP, —1.14% SOFIX, and —4.48% WIG. Every index dropped with
the exception of the Slovak index.

In the first step, we estimate the market model in the pre event window and obtain the estimated
values of return series for every stock market by using CEE and then SEE index returns as an
explanatory variable. Then, in the second step, the length of the event window is chosen to be
21 days (—10 to +10 days) and we calculate the test values regarding the return series (61, 6, and 63).
The event day of the Brexit vote was 23 June 2016, and this is depicted as day 0 in all of the following
tables and graphs. The results are shown in Table 1 (CEE factor) and Table 2 (SEE factor).

Table 1. Stock market reactions to Brexit, CEE regional factor.

t CAR-, 01 0, 03
—-10 —0.0009 —0.424 (0.672) —2.76 x 10716 (1.000) 0.044 (0.965)
-9 0.0004 0.121 (0.904) 0.603 (0.547) 0.400 (0.689)
-8 0.0008 0.244 (0.807) 0.603 (0.547) 0.311 (0.756)
-7 —0.0006 —0.147 (0.883) 9.21 x 10~17 (1.000) 0.044 (0.965)
-6 0.0013 0.376 (0.707) —2.76 x 10716 (1.000) 0.489 (0.625)
-5 —0.0006 —0.106 (0.916) 9.21 x 10~17 (1.000) 0.044 (0.965)
—4 —0.0028 —0.590 (0.555) 0.603 (0.547) 0.756 (0.450)
-3 —0.0037 —0.761 (0.447) 0.603 (0.547) 0.934 (0.351)
-2 —0.0029 —0.550 (0.582) 0.603 (0.547) 0.667 (0.505)
-1 —0.0034 —0.600 (0.549) 9.21 x 10~17 (1.000) 0.489 (0.625)
0 —0.0042 —0.649 (0.516) 9.21 x 10~17 (1.000) 0.667 (0.505)
1 —0.0095 —1.423 (0.155) 1.206 (0.228) 1.289 (0.197)
2 —0.0096 —1.376 (0.169) 1.206 (0.228) 1.200 (0.230)
3 —0.0049 —0.749 (0.454) —2.76 x 10716 (1.000) 0.667 (0.505)
4 —0.0018 —0.315 (0.753) —2.76 x 1071 (1.000) 0.044 (0.965)
5 0.0020 0.375 (0.708) 0.603 (0.547) 0.489 (0.625)
6 0.0041 0.724 (0.469) 1.206 (0.228) 0.756 (0.450)
7 0.0073 1.202 (0.229) 1.206 (0.228) 0.934 (0.351)
8 0.0059 0.808 (0.419) 1.206 (0.228) 0.845 (0.398)
9 0.0084 1.147 (0.252) 1.206 (0.228) 1.111 (0.266)
10 0.0099 1.225 (0.221) 1.206 (0.228) 1.200 (0.230)

Note: p-values are given in brackets.

The results in Table 1 indicate that no effects regarding the observed markets were found to be
significant if the CEE regional index is used as the market factor. Although, the CAR; was found to be
negative four days after the Brexit vote, with more than double the value of the CAR: at 23 June 2016.
However, as stated, the results are not significant. All of the return series were found nonsignificant
for the days before the event as well. This could be interpreted that investors did not spread out some
beliefs and rumors, and thus did not generate abnormal gains or losses. The results are always the
same based upon all three test statistics.

The conclusion is a bit different if we use the SEE regional market, in Table 2. The CAR; becomes
positive the day after the event and after day +3 becomes statistically significant. However, the first
three CAR; s were not significant. Since the majority of previous event study methodology literature
focuses on a narrow window, from 1 day to a maximum 5 days, the results in Table 2 which refer to
those days which are more distant to the day 0 could be observed as being result from other factors
and not the Brexit vote per se. Again, the conclusions about the tested hypothesis are the same based
upon all three test statistics.
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Table 2. Stock market reactions to Brexit, SEE regional factor.

t CAR-, 61 0, 03
-10 —0.0007 —0.493 (0.622) 1.206 (0.228) 0.578 (0.563)
-9 0.0034 1.088 (0.276) —2.76 x 10716 (1.000) 0.489 (0.625)
-8 0.0068 1.635 (0.102) —2.76 x 10716 (1.000) 0.667 (0.505)
-7 0.0093 1.808 (0.071) * 1.809 (0.070) * 1.734 (0.083) *
-6 0.0084 1.930 (0.054) * 1.809 (0.070) * 1.823 (0.068) *
-5 0.0108 1.905 (0.057) * 1.809 (0.070) * 1.823 (0.068) *
—4 0.0061 1.368 (0.171) —2.76 x 10716 (1.000) 0.578 (0.563)
-3 0.0034 1.187 (0.235) —2.76 x 10716 (1.000) 0.578 (0.563)
-2 0.0028 1.025 (0.305) 9.21 x 10~17 (1.000) 0.311 (0.756)
-1 0.0028 1.351 (0.177) 9.21 x 10~17 (1.000) 0.400 (0.689)
0 —0.0013 —1.264 (0.206) 0.603 (0.547) 1.022 (0.307)
1 0.0021 0.406 (0.684) 0.603 (0.547) 0.044 (0.965)
2 0.0101 1.405 (0.160) 0.603 (0.547) 0.845 (0.398)
3 0.0116 2.029 (0.042) ** 2.412 (0.016) ** 2.178 (0.029) **
4 0.0120 2.211 (0.027) ** 2412 (0.016) ** 2.356 (0.019) **
5 0.0104 1.985 (0.047) ** 2.412 (0.016) ** 2.178 (0.029) **
6 0.0129 2.358 (0.018) ** 2412 (0.016) ** 2.356 (0.019) **
7 0.0165 2.729 (0.006) *** 3.012 (0.003) *** 2.890 (0.004) ***
8 0.0174 2.672 (0.008) *** 2.412 (0.016) ** 2.800 (0.005) ***
9 0.0169 2.838 (0.005) *** 3.015 (0.003) *** 2.890 (0.004) ***
10 0.0175 2.899 (0.004) *** 3.015 (0.003) *** 2.890 (0.004) ***

Note: p-values are given in brackets. *, ** and *** denote statistical significance on 10%, 5%, and 1%.

Graphical representations of the CAR s for the CEE and SEE factor are given on Figures 1 and 2,
with the 95% confidence intervals (Cls), for a better overview of the movement of the average
cumulative abnormal return. The conclusion is again the same as it was in Tables 1 and 2.
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Figure 1. CAR< for all markets, CEE regional market factor, with 95% Cls.

Effects on volatility have been examined as well with the results given in Table 3. Firstly, the test
statistic 64 was calculated for one day after the event and then for all 10 days after the event at day
0. Both test statistics indicate the non-rejection of the null hypothesis, meaning that no significant
abnormal volatilities were found due to the Brexit vote. By applying the non-parametric Wilcoxon
test, it can be seen that only the volatility on the +1 day was significantly different from the pre-event
volatility. This is weak evidence in favor of Brexit affecting the volatility on the examined markets.
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Figure 2. CAR< for all markets, SEE regional market factor, with 95% Cls.

Table 3. Volatility reaction results to Brexit.

Days 04 Factor Wilcoxon Sign Test
+1 day 0.158 (0.563) CEE factor 2.364 (0.018) **
+10 days 0.019 (0.507) SEE factor 1.445 (0.149)

Note: p-values are given in brackets. ** denotes statistical significance on 5%.

4.2. Robustness Checking

The robustness checking of the results was performed by changing the length of the event window.
Since shorter time spans are observed within this methodology, we opted to use —3 to +3 days for
the event window. Thus, as in Tables 1 and 2, we perform the same tests, but for the shorter event
window, with the results shown in Tables 4 and 5. By focusing on Table 4, the results are the same as in
Table 1, with no significant effects found in all three days after the event even though the cumulative
abnormal returns get more negative. However, the results become a bit different by observing Table 5
with the SEE regional factor. Now, the results are significant in days before and after the event, with the

exception on day +2.

Table 4. Stock market reactions to Brexit, CEE regional factor, three-day window length.

t CAR-. 01 0, 05
-3 —0.0022 —1.655 (0.098) * 1.809 (0.070) * 1.734 (0.083) *
-2 —0.0013 —0.704 (0.481) 0.603 (0.547) 0.578 (0.563)
-1 —0.0019 —0.735 (0.462) 1.206 (0.228) 0.756 (0.450)

0 —0.0026 —0.581 (0.561) 9.21 x 10~17 (1.000) 0.222 (0.824)

1 —0.0080 —1.742 (0.081) * 0.603 (0.547) 1.556 (0.120)

2 —0.0081 —1.543 (0.123) 0.603 (0.547) 1.378 (0.168)

3 —0.0034 —0.706 (0.480) 0.603 (0.547) 0.044 (0.965)

Note: p-values are given in brackets. *, ** and *** denote statistical significance on 10%, 5%, and 1%.
1% g g

The volatility event study for the +3 days results are shown in Table 6. As it can be seen, the test
results indicate significant effects on the volatility for the non parametric test for both regional factors,
which confirms the short term results of +1 day from Table 3. Thus, there is more evidence in favor of
Brexit vote affecting volatilities on the observed stock markets compared to return series.
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Table 5. Stock market reactions to Brexit, SEE regional factor, three-day window length.

t CAAR 01 0, 03
-3 —0.0038 —2.342 (0.019) ** 1.809 (0.070) * 1.912 (0.056) *
-2 —0.0044 —2.516 (0.012) ** 1.809 (0.070) * 2.089 (0.037) **
-1 —0.0044 —1.891 (0.059) * 1.206 (0.228) 1.734 (0.083) *
0 —0.0085 —2.359 (0.018) ** 1.809 (0.070) * 2.000 (0.045) **
1 —0.0051 —2.754 (0.006) *** 3.015 (0.003) *** 2.890 (0.004) ***
2 0.0029 0.927 (0.354) —2.76 x 10716 (1.000) 0.400 (0.689)
3 0.0044 2.280 (0.023) ** 2.412 (0.016) ** 2.178 (0.029) **

Note: p-values are given in brackets. *, ** and *** denote statistical significance on 10%, 5%, and 1%.

Table 6. Volatility reaction results to Brexit, +3 days event window length.

Wicoxon Sign Test
CEE SEE
3 days 0.197 (0.578) 2.692 (0.007) *** 1.970 (0.049) **

Note: p-values are given in brackets. ** and *** denote statistical significance on 5% and 1%.

04

5. Discussion

Several conclusions based upon the obtained results in the previous section can be provided.
Firstly, by focusing on the CEE regional factor as a ‘market’ return for the observed countries, the result
indicated no significant effects on the abnormal return series. Both the parametric and non-parametric
tests confirmed this conclusion. This was found to be true both for the event window length of 21 (—10
to +10) days and 7 (—3 to +3) days. Although the results were nonsignificant, the abnormal returns
did fell after the Brexit vote (after day 0) and it took about three days to rebound to the value before
the vote. The volatility was somewhat affected due to significant results of the Wilcoxon test for day
+1. These results became insignificant for the window length of +10 days, meaning that the effects
were extremely short termed. Those effects on volatilities were found present for the +3 day period.
Thus, in the three days after the 23 June 2016, there was excessive volatility on the observed markets,
with some insignificant negative cumulative abnormal returns.

Secondly, if we focus on the SEE regional factor in the analysis, the results are somewhat different.
The abnormal return series, although insignificant, become positive in the next three days after the
event, compared to the previous factor in the analysis. Moreover, the return series become significant
on the third day and stay that way until the end of +10 window length. However, it could be said that
this is not due to the Brexit vote itself, because it would mean that investors had a delayed reaction
to the happenings around the whole political uncertainty. The results become significant for days
before and after the event when the length of the event window was shortened to —3 to +3, with the
exception of the day +2. Here, all of the cumulative abnormal returns were negative, with becoming
positive on day +2. This is more in line with the CEE results of negative returns. Thus, some weak
evidence exists on Brexit vote affecting the observed markets. Finally, the volatilities test in the SEE
factor framework also confirms that excessive volatility existed around the crucial date.

Thus, some mixed results were obtained regarding the return series. This is due to changing
the regional factor as the one describing the individual country returns. Since the major conclusion
is that volatilities were significantly different on those markets before and after the event, it could
be said that some effects of the Brexit vote spilled over to the CEE and SEE markets as well. This is
important for international investors who are focused on risk hedging. Since the volatilities have gone
up in the post event period, this is not favorable for the risk management goals. This is not surprising,
due to previous literature finding that the mentioned markets are today more integrated with the more
developed markets (e.g., see Kizys and Pierdzioch 2011 or Fronc and Mielus 2017).
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6. Conclusions

The rising political and economic uncertainties around the world affect the stock markets and
their participants. The extent to which this is true is important for the policy makers and investors
around the world. Timely decisions are crucial for good conduction of economic policies and portfolio
management in order to obtain the best possible results. This paper focused on an example of a big
political and economic event and its effects on the CEE and SEE stock markets. Since previous literature
identifies such markets as being those where some opportunities for international diversification exists,
it is important to obtain information on how those markets react to big events. Major results indicate
that somewhat mixed results are found on the return series (negative abnormal cumulative returns but
nonsignificant) and significant results were found in the volatilities (greater volatilities in the short
term after the Brexit vote).

Some of the shortcomings in this research included the following ones. We observed only one
event, the Brexit day vote referendum. However, this was made due to getting first insights into
whether the biggest events affect the aforementioned markets. If it was found that the biggest events
do not affect the markets at all, it is questionable if other minor events leading up to (or after the
main event) even could have meaningful impacts. Thus, future work should extend the analysis by
observing other political and economic events regarding the whole uncertainty in the European Union
regarding the UK’s leaving it. Moreover, due to different conclusions regarding the abnormal return
testing because using different market factors in the model, future work could extend the model and
augment it with other market factors to see if changes in results will occur.

Since this is, to the knowledge of the author, the first study which focuses on selected CEE and
SEE markets and their reactions to the Brexit uncertainties, we hope that it will invoke more future
analysis regarding these markets and possibilities they could or could not provide for international
investors regarding other political and economic events, especially those regarding the problems of EU.
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Figure A1. Individual CAR s, CEE regional market factor.
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Figure A2. Individual CAR s, SEE regional market factor.
Table A1. Descriptive statistics for return series.
Return Mean Median Max Min Std. dev.
BELEX 0.00043 0.00019 0.08229 —0.07408 0.00858
BETI 0.00065 0.00044 0.09088 —0.06968 0.01061
BIRS —0.00029 0.00000 0.03842 —0.04166 0.00678
BUX 0.00022 0.00019 0.05515 —0.06984 0.01274
CEE 0.00009 0.00024 0.05557 —0.06239 0.01327
CROBEX 0.00000 0.00003 0.08563 —0.02886 0.00670
PFTS 0.00023 0.00019 0.12265 —0.07494 0.01482
PX 0.00059 0.00057 0.05222 —0.05183 0.01169
SAX 0.00069 0.00010 0.09118 —0.06053 0.01114
SBITOP 0.00015 0.00016 0.03721 —0.06059 0.00920
SEE 0.00026 0.00040 0.03880 —0.03913 0.00669
SOFIX 0.00027 0.00034 0.03809 —0.04497 0.00833
WIG 0.00022 0.00056 0.04105 —0.06086 0.01011
Table A2. GARCH estimation results, binary variable only day after event.
Variance &ol,‘ &l,i ,31,,‘ ;\i
BELEX 448 x 107 (0.000) *** 0.179 (0.000) *** 0.764 (0.000) *** 9.96 x 107° (0.467)
BETI 4.72 x 1070 (0.000) *** 0.129 (0.000) *** 0.830 (0.000) *** 0.0003 (0.318)
BIRS 1.49 x 107° (0.164) 0.065 (0.077) * 0.961 (0.000) *** 5.20 x 1075 (0.747)
BUX 4.01 x 1076 (0.008) *** 0.053 (0.000) *** 0.922 (0.000) *** 0.0003 (0.271)
CROBEX 9.99 x 1077 (0.006) *** 0.070 (0.000) *** 0.906 (0.000) *** 6.18 x 1075 (0.280)
PFTS 0.0001 (0.000) *** 0.133 (0.000) *** 0.465 (0.000) *** —0.0003 (0.000) ***
PX 3.42 x 1076 (0.009) *** 0.072 (0.000) *** 0.902 (0.000) *** 0.001 (0.318)
SAX 8.48 x 106 (0.010) ** 0.124 (0.004) *+* 0.543 (0.001) *** —0.0002 (0.000) ***
SBITOP 9.73 x 107 (0.000) *** 0.199 (0.000) *** 0.707 (0.000) *** 0.0002 (0.498)
SOFIX 8.24 x 1076 (0.000) *** 0.218 (0.000) *** 0.679 (0.000) *** 441 x 1075 (0.751)
WIG 2.92 x 10~ (0.005) *** 0.069 (0.000) *** 0.903 (0.000) *** 0.0002 (0.308)

Note: GARCH models have been estimated with the assumption of t-distribution of error term. p-values are given

in parenthesis.
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Table A3. GARCH estimation results, binary variable for 10 days after the event.

Variance &O,i &1,1' Bl,i /\i
BELEX 4.11 x 10~ (0.000) *** 0.165 (0.000) *** 0.783 (0.000) *** —7.13 x 106 (0.100)

BETI 4.39 x 107 (0.000) *** 0.124 (0.000) *** 0.840 (0.000) *** —1.59 x 1075 (0.100)

BIRS 1.51 x 107° (0.163) 0.065 (0.077) * 0.961 (0.000) *** 2.82 x 1075 (0.522)

BUX 3.94 x 1076 (0.009) *+* 0.053 (0.000) *** 0.923 (0.000) *** ~1.60 x 1075 (0.247)

CROBEX 1.02 x 1076 (0.006) *** 0.069 (0.000) *** 0.907 (0.000) *** 6.41 x 1076 (0.447)

PFTS 1.52 x 107> (0.000) *** 0.295 (0.000) *** 0.706 (0.000) *** —1.40 x 1075 (0.141) ***

PX 3.49 x 1076 (0.009) *** 0.073 (0.000) *** 0.901 (0.000) *** 0.0001 (0.145)

SAX 8.40 x 1075 (0.000) *** 0.142 (0.000) *** 0.223 (0.025) ** —5.36 x 1075 (0.000) ***
SBITOP 9.77 x 107 (0.000) *** 0.199 (0.000) *** 0.708 (0.000) *** 1.19 x 1075 (0.589)
SOFIX 8.14 x 1076 (0.000) *** 0.215 (0.000) *** 0.684 (0.000) *** —1.84 x 107 (0.875)

WIG 2.82 x 1076 (0.005) *+* 0.070 (0.000) *** 0.904 (0.000) *** —1.44 x 1075 (0.297)

Note: GARCH models have been estimated with the assumption of t-distribution of error term. p-values are given

in parenthesis.

Table A4. GARCH estimation results, binary variable for three days after the event.

Variance 5(011' &]/i Bl,i /\i
BELEX 4.25 x 107 (0.000) *** 0.174 (0.000) *** 0.773 (0.000) *** 0.0001 (0.460)

BETI 4.52 x 1076 (0.000) *** 0.127 (0.000) *** 0.834 (0.000) *** 0.0004 (0.361)

BIRS 1.52 x 1070 (0.163) 0.065 (0.074) * 0.961 (0.000) *** 9.00 x 10~° (0.906)

BUX 3.91 x 1076 (0.008) *** 0.053 (0.000) *** 0.923 (0.000) *** 0.001 (0.355)

CROBEX 1.00 x 107 (0.006) *** 0.070 (0.000) *** 0.906 (0.000) *** 5.81 x 1075 (0.283)

PFTS 0.0001 (0.000) *** 0.136 (0.000) *** 0.474 (0.000) *** —0.0002 (0.963)

PX 3.37 x 1076 (0.009) *** 0.072 (0.000) *** 0.903 (0.000) *** 0.001 (0.376)

SAX 8.32 x 1075 (0.000) *** 0.139 (0.000) *** 0.231 (0.021) ** —8.33 x 1075 (0.000) ***
SBITOP 9.78 x 1076 (0.000) *** 0.201 (0.000) *** 0.706 (0.000) *** 7.95 x 1075 (0.474)
SOFIX 3.61 x 1075 (0.000) *** 0.142 (0.000) *** 0.567 (0.000) *** —5.25 x 1072 (0.000) ***

WIG 2.84 x 1076 (0.005) *** 0.069 (0.000) *** 0.904 (0.000) *** 0.0004 (0.294)

Note: GARCH models have been estimated with the assumption of t-distribution of error term. p-values are given

in parenthesis.
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