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Abstract: The recent outbreak of the coronavirus pandemic has made a significant impact on the global
financial markets. The aim of this paper is to assess the short-term reaction of the Visegrad countries’
financial markets to the COVID-19 pandemic. The Visegrad Group is a political alliance of four Central
European countries, namely Czechia, Hungary, Poland, and Slovakia. The financial assessment is
based on the EUR/CZK, EUR/HUEF, and EUR/PLN exchange rates and the major blue-chip stock
market indices, that is Prague PX, Budapest BUX, Warsaw WIG20, and Bratislava SAX. It is evident
that the ongoing pandemic has changed the expectations of the financial market participants about the
future value of exchange rates in the Visegrad countries. This study indicates that, as a consequence
of COVID-19, higher probability has been attached to the large depreciation of the Czech koruna
(CZK), the Hungarian forint (HUF), and the Polish zloty (PLN) than to their large appreciation.
Moreover, based on the TGARCH model, the positive and significant correlation between the number
of reported COVID-19 cases and the exchange rates has been confirmed, implying that the ongoing
pandemic has resulted in the depreciation of the Visegrad currencies. Additionally, the result of
the TGARCH model reveals that there is a significant and negative link between the Visegrad stock
market indices and the COVID-19 spread.

Keywords: COVID-19; coronavirus; SARS-CoV-2; Visegrad Group (V4); government response;
financial markets; macroeconomic indicators; Czechia; Poland; Slovakia; Hungary

1. Introduction

The outbreak of COVID-19 caused by the coronavirus SARS-CoV-2 in China has been widely
observed and commented on by governments, researchers, and the public alike. The rapid growth
of positively diagnosed cases and the subsequent rise of secondary outbreaks in numerous countries
worldwide have increased concerns on an international scale. The spread of the disease, due to
its global consequences, is being compared to the influenza pandemic of 1918 [1]. Consequently,
the World Health Organization (WHO) declared the COVID-19 epidemic a public health emergency of
international concern on 31 January 2020 and then classified it as a pandemic on 11 March 2020 [2].

Infectious diseases belong to the main causes of death worldwide, accounting for one-quarter
to one-third of overall mortality. They are ranked after cancer and heart diseases as a leading
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cause of mortality in developed countries [3]. The severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) causes an infectious disease called COVID-19 that can be spread between humans,
and it is the seventh coronavirus known to infect people [4]. The earliest reports of endemic human
coronaviruses date to the 1960s, when HCoV-OC43 and HCoV-229E were described. HCoV-NL63
and -HKU1 were discovered as late as in 2004 and 2005, respectively. All four above-mentioned
human coronaviruses are associated with mild symptoms. However, the severe acute respiratory
syndrome (SARS)-CoV and Middle East respiratory syndrome (MERS)-CoV, discovered in 2003 and
2012, respectively, are two epidemic endemic coronaviruses that have caused severe diseases in humans
in the last two decades [5]. Ge et al. [6,7] reasonably claim that even though no human SARS-CoV
cases have been reported since 2004, SARS-CoV or closely related viruses carried by bats may still
be the cause of human diseases as a consequence of the spill-over infection. SARS-CoV-2 infections
have spread rapidly. Between 31 December 2019 and 29 June 2020, more than 10 million cases of
COVID-19 have been reported worldwide, causing over 500 thousand deaths [8]. The exponential
international growth in COVID-19 infections from late February 2020, combined with the absence
of effective treatment or vaccine, has resulted in many countries accepting numerous restrictions
to “flatten the curve”, also preventing health care system failure. In many cases, these restrictions
are related to the economic lockdown. According to Walker’s adverse scenario [9], the COVID-19
pandemic will potentially infect 7.0 billion people worldwide, causing 40 million deaths.

The COVID-19 global pandemic is expected to be the most defining economic and social event in
decades. It has not only caused millions of infections and hundreds of thousands of deaths, but it has
also wreaked havoc on the global economy on a scale not seen since at least the Great Depression [10].
The impact of COVID-19 is expected to affect, both in a negative or positive way, food security, inequality,
democracy and human rights [11], human development, pollution and waste [12,13], education [14-16],
urban and rural development, gender equality [17], human poverty [18,19], trade linkages and
globalization discussions. According to Tokic, the pandemic will accelerate “de-globalization and
de-dollarization” of the economy [20], while others call for global cooperation in the sphere of public
health and economic development [21], or science [22]. Baldwin and Tomiura [23] note that the
pandemic should not be misinterpreted as a justification for anti-globalism, rather it shall lead to dual
sourcing to avoid excess dependence.

The COVID-19 crisis has shown both financial market participants, policy makers and the general
public that natural disasters can create direct global destructive economic impacts on an unprecedented
scale [1]. Numerous contributions have discovered that population health is positively related to
economic welfare and growth [21]; others confirm the social, economic, environmental, and political
implications of the global pandemic [24] as a cornerstone of the sustainability concept. As has been
indicated by theoretical modelling [25], there is some interaction between pandemics/disease outbreaks
and economic dynamics [26]. The spread of COVID-19 has reduced economic activity worldwide
and has led to new threats to financial stability [27]. The evolution of the disease and its economic
impact is still uncertain, which makes it difficult for governments (and national banks) to formulate an
appropriate macroeconomic policy response [21] to improve market efficiency by ensuring long-term,
sustainable growth [28]. Moreover, the economic community is not certain about the economic
development. Several recovery scenarios are expected which take into account different pandemic
duration and intensity [20,29,30].

The economic recovery requires a policy response in the short, medium, and long term.
The short-term goal of support is not to stimulate the economy (impossible due to restrictions), but rather
to avoid mass layoffs and bankruptcies [22]. Engelhardt et al. [31] claim that the unprecedented negative
consequences of COVID-19 for financial markets indicate wide implications for market participants
and policy makers. The medium-term macroeconomic policy should focus on recovery measures.
Central banks could respond by reducing interest rates. However, as the shock is a multi-faced
crisis, monetary, fiscal, and health policy responses are expected [21]. Nevertheless, the governments’
reaction through their policies could lead to economic depression [32] and, as a consequence, quickly
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infect financial markets [33]. As noted by Malec et al. [34], overregulation of financial markets would
probably produce more costs than benefits. Therefore, it is important to apply a balanced combination
of measures. Unfortunately, numerous decisions made during the current crisis focus more on political
and economic considerations rather than on public safety and security [35], which has resulted in many
cases of infection.

The financial markets have labelled this as an immense black swan event and linked it to the
economic scene of WWII [24,36]. Pandemics impact, directly or indirectly, financial markets through
their enormous economic costs [1,37]. As a consequence of the coronavirus pandemic, global financial
markets reacted very strongly, and stock indices fell drastically [38]. Barro et al. [32] find increased
volatility in stock markets during the pandemic fueled by a high degree of uncertainty. The global
spread of COVID-19 has had a dramatic impact on financial markets all over the world. It has caused
significant investment losses in a very short period due to a very high level of risk [39].

According to Baker et al. [40], based on the US stock market, no previous infectious disease
outbreaks, including the Spanish Flu, has impacted the stock markets as forcefully as the COVID-19
pandemic. Their research suggests that government restrictions on social distancing and commercial
activity, affecting service-oriented economies, are the main reasons for such a deep slump of stock
markets. Okorie and Lin note that the effects of the coronavirus on stock markets decline over the
medium and long-term time horizon [41]. Sansa [42] reveals that there is a significant relationship
between COVID-19 confirmed cases and Chinese and US stock markets. He et al. [43] confirm that
the COVID-19 pandemic has a negative but short-term impact on stock markets. Moreover, there are
bidirectional spill-over effects observed between Asian, European and American markets. Ammy-Driss
and Garcin [44] show that Asian and Australian stock indices seem less affected than US indices during
the COVID-19 pandemic. Moreover, Garcin et al. [45] observe a more limited impact of COVID-19 on
Chinese financial markets in China, while a significant impact in the US and a slow recovery in the
case of European markets are evident. However, Topcu and Gulal [46] find that during the COVID-19
pandemic, Asian emerging markets are affected more than the European ones. Liu et al. [47] examine
the COVID-19 impact on the stock market in advanced economies and also affirm that countries in Asia
experience more negative abnormal returns as compared to the countries in Europe. While applying
the EGARCH model, Ali et al. [48] find that returns of most of the financial securities are negatively and
significantly related to COVID-19 deaths in the top nine countries affected by the pandemic. Moreover,
they show that the financial securities become more volatile when the number of COVID-19 deaths
increases. Ashraf [49] examines the relationship between daily COVID-19 confirmed cases and deaths
and stock market returns based on the data from 64 countries. He discovers that stock markets respond
negatively to the increase in COVID-19 confirmed cases. Furthermore, he suggests that stock markets
react more proactively to the growth in the number of confirmed cases than to the number of deaths.
Due to the above-mentioned research results, the impact of COVID-19 confirmed cases, not related
deaths, on the major blue-chip stock market indices in the Visegrad (V4) countries is examined in
this paper.

De Bock and de Carvalho Filho [50] observe that episodes of increased global risk aversion,
also known as risk-off episodes, have become more frequent and severe since the Global Financial
Crisis 2007-2009. During these episodes, most tradable currencies appreciate against emerging market
currencies. Major advanced economies’ currencies seem to be the safe haven properties [51-53].
Gilmore and Hayashi [54] find that emerging market currencies tend to provide significant equity-like
excess returns against world major currencies, but during low-volatility periods. Gunay shows [55]
that the COVID-19 pandemic has an impact on currency volatility. Benzid and Chebbi [56] employ
the GARCH (1,1) model and investigate the impact of COVID-19 cases and deaths on the US dollar
exchange rates. Currently, there seem to be no studies on the coronavirus impact on the Central
European emerging markets currencies, including the Czech koruna (hereafter as CZK), Hungarian
forint (hereafter as HUF) and Polish zloty (hereafter as PLN).
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The contribution of this paper is in that the threshold GARCH model has been employed to assess
the V4 countries’ financial markets” short-term reaction to the COVID-19 pandemic, as this topic has
not been thoroughly investigated in the literature. Its aim is to respond to (1) whether the spread
of coronavirus pandemic has significantly negatively affected the Visegrad national stock index and
currency values, and (2) whether COVID-19 has significantly impacted the Czech koruna, Hungarian
forint and Polish zloty depreciation. Additionally, this paper investigates changes in financial market
participants” expectations about future national currency values during the COVID-19 pandemic.

Due to the fact that this topic is very recent, the research literature related to the COVID-19
pandemic’s impact on financial markets is limited and still developing. To identify the most recent
publications, Web of Science, Scopus, Google Scholar, Sciencedirect, and Researchgate have been used.
An extensive search carried out using the mentioned databases has confirmed this topic has not been
thoroughly investigated, which has encouraged the research interest.

The outline of this paper is as follows: the next part provides an overview of the development of
the pandemic in the Visegrad Group countries and its effect on the analyzed economies. The posterior
section introduces the material and research methods. Section 4 aims to assess the COVID-19 impact on
exchange rates and the major blue-chip stock market indices. The final section provides the conclusions.

2. COVID-19 Pandemic Development in the Visegrad Group Countries and Its Effect on
Their Economies

As can be observed in Table 1, the timing of the viral spread among the countries is comparable.
The first reported case appeared after March 1 in Czechia and the latest on March 7 in Slovakia.
In comparison with other EU member states, the V4 countries are among countries that have experienced
the occurrence of COVID-19 later than others. Table 1 demonstrates that there is an evident difference
in the number of cases and deaths. Until 29 June 2020, almost 0.1% of Czechs experienced coronavirus,
compared to only 0.03% of Slovaks. The highest average mortality was reported in Hungary.
The highest absolute values were observed in Poland due to its larger population than in the case of
its Visegrad peers. The number of COVID-19 reported cases in Visegrad countries may be related
to the testing policy. Table 1 outlines visible differences in the relative number of COVID-19 tests.
While testing alone does not stop the spread of the coronavirus, it is an essential part of the COVID-19
strategy [57]. Berger et al. [58] indicate that testing may lower the economic costs of expansionary
fiscal and monetary policies.

Table 1. COVID-19 in the Visegrad Group countries—reported cases, deaths, and tests.

Country Czechia Hungary Poland Slovakia
First case 01.03.2020 04.03.2020 04.03.2020 07.03.2020
Number of cases 11,604 4145 34,154 1665
Number of cases/1M pop 1084 429 902 305
No. of deaths 348 585 1444 28
No. of deaths/1M pop 32 61 38 5
Total tests 545,873 273,897 1,493,993 208,966
Total tests/1IM pop 50,983 28,353 39,475 38,275
Deaths/cases 0.030 0.141 0.042 0.017
Population 10,708,097 9,661,388 37,848,394 5,459,526

Source: own elaboration based on Worldometers data (by 29 June 2020) [59].

In order to contain the spread of the COVID-19 pandemic, the World Health Organization
(WHO) recommended the implementation of a combination of measures [57]. The common aggressive
implementation of government-mandated non-pharmaceutical policy interventions (NPIs), such as
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restrictions on international travel, school closures, stay-at-home orders, bans on public gatherings,
closures of non-essential businesses, and mandates to wear masks and maintain social distancing
during the COVID-19 pandemic is much more severe and far reaching than measures adopted during
any other previous pandemic [40]. To analyze the Visegrad Group governments’ responses, the Oxford
COVID-19 government response tracker index (OxCGRT) has been used. The government response
tracker index [60] was developed at the Blavatnik School of Government (University of Oxford) and
provides a systematic measure of how over 150 countries’ governments have evolved in response to
the spread of the COVID-19 pandemic. It tracks country policy measures across 13 indicators linked to
containment and closure (school closure, workplace closure, cancellation of public events, restriction on
gathering size, closure of public transport, staying-at-home requirements, restriction on international
movement and international travel), economic response (income support, debt/contract relief for
households), and health system (public information campaign, testing policy, contact tracking) [60].
The index ranges from 0 to 100.

Figure 1 illustrates the differences in the V4 governments’ reactions to the COVID-19 pandemic.
The increasing spread of COVID-19 in the V4 countries prompted their governments to introduce
unprecedented measures to contain the epidemic. The containment and closure policies implemented
in the analyzed countries should be considered strict, harsh for the society, but indispensable.
The government response index shows that since the COVID-19 outbreak, the Polish government
has been lagging behind its V4 peers. Correia et al. [61] argue that early and rapid government
interventions help protect health and economic performance.
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Figure 1. Government response tracker index levels for the Visegrad Group countries. Source: own

elaboration based on [60] data.

The governmental and individual response intensity increased in time as the number of cases
increased. Individuals accepted social distancing and quarantine to eliminate contagion. Google has
developed the “Google COVID-19 Community Mobility Report” [62], in which the data visualize the
change in the number of visitors in categorized places compared to the baseline period (3 January
to 6 February 2020) using track data from mobile devices. Figure 2 indicates similarities among the
Visegrad countries. After the coronavirus outbreak and governmental restrictions, a substantial decline
in visits to retail and recreational places (ret&rec) on the one hand and spending more time at home
on the other can be observed. The sharpest decline appeared in Slovakia, where visits to retail and
recreational places decreased by 80 percent in mid-April. Since mid-June, mobility indicators have
returned to the pre-COVID-19 period, indicating a return to “normality”.
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Figure 2. Social distancing daily change (in %) in the number of visits from the base period expressed
in 7 day moving average for retail and recreation (ret&rec) and for residential places (home). Source:
own processing based on Google LLC (2020) data [62].

Due to the COVID-19 pandemic, all the V4 countries are currently expected to be on the verge
of the deepest recession they have experienced since the transition to market-oriented economies
(1990s). It is expected to be deeper than the results of the 2008-2009 financial crisis. Considerable
uncertainty is still evident as the projections differ substantially. In time and with an increasing number
of COVID-19 cases, GDP forecasts for 2020 deteriorate. Oxford Economics [63] lowers their prediction
for the V4 countries by 7-8% points in comparison with the pre-virus November 2019 expectations.
OECD [64] is more pessimistic in the prediction of the GDP change. For single- and double-hit scenario,
OECD projects Czechia to be affected the most (=9.6% for single-hit scenario; —13.2% for double-hit
scenario), followed by Slovakia (—9.3%; —11%), Hungary (-8%; —10%) and Poland (-7.4%; —9.5%).
The World Bank expects GDP to be —4.7% in Poland for 2020 [65]. Cochrane [66] claims that the level
of GDP should quickly return to the state before the pandemic, provided that the financial problems of
individual entities do not destroy the entire economy.

Since WWII, global trade has decreased several times only, and the 2008-2009 impact was the
most significant [23]. COVID-19 is both a supply and demand shock. As a consequence, both aspects
may impact international merchandise trade, predicted to plummet by between 13% (optimistic
scenario) and 32% (pessimistic scenario), according to WTO [67]. In all V4 countries, as a supply
shock, export is expected to decrease by approximately 8-10 percentage points in 2020 [63]. This
prediction is supported by COMEX data [68], indicating a change in the value of imported and exported
merchandise. The value for March 2020 decreased between 4 and 19 percent in comparison with March
2019. The impact of the global value chain shock is expected to be lower in Poland, which represents
a less open economy with exports accounting for approximately 50% of GDP, compared to 83% in
Czechia, 92% in Hungary, and 96% in Slovakia, according to Eurostat.

The negative impact of COVID-19-related confinement measures in the V4 countries on the labor
market is expected to be lower than in the remaining EU countries, on average, especially in Southern
European member states [69]. As expected by Oxford economics [63], the unemployment rate will be
affected by the COVID-19 pandemic in the Visegrad countries. Based on the predictions for November
2019 and May 2020, the smallest increase is forecasted for Slovakia (SK 5.4 —> 6.2%), followed by
Czechia (2.9 —> 4.7%), Poland (PL 5.1 —> 7.0%), and Hungary (HU 3.5 —> 6.9%). However, the most
current data from Eurostat do not support the Oxford economics’ [63] expectations, as unemployment
in Slovakia has increased by 23.6% compared to February 2020, exceeding the unemployment rate of
6.8% [70].
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In the face of the epidemic and financial crisis, the role of the government and fiscal policy
should be considered crucial [38]. As COVID-19 is spreading, national governments are struggling to
understand and control the pandemic [25]. Beck argues that a temporary tax reduction and increased
public spending, despite the obvious negative impact on the budgetary position, seem to be the most
sensible approach to implementing fiscal policy at present [71]. The budget deficit levels in the V4
countries are expected to increase substantially in 2020 as a consequence of the coronavirus and the
monetary and fiscal policy measures adopted to counter its effects. According to Oxford Economics [63],
public debt levels are set to increase intensively in 2020 in advanced economies, with the median debt
ratio accounting for 100% of GDP. COVID-19 consequences for V4 public debts are expected to be less
severe, among others, due to the national banks’ interest rate policy. In the short term, the COVID-19
pandemic limited consumption, production, and increased unemployment, while in the long run,
the current crisis may result in public finance destabilization in the Visegrad countries, particularly in
increasing indebtedness. According to Beck [71], the increased risk of losing debt stability may lead to
an increase in the yields on government bonds and, consequently, a significant increase in the costs of
public debt servicing, directly affecting budget balance in future years.

The economic risk index developed by Oxford Economics measures the level of economic, financial,
business and market risk of 164 countries in the world on the basis of regularly, usually monthly,
updated assessments. Oxford Economics assesses the level of the country’s economic risk considering
six risk categories, namely sovereign exchange rate, trade credit, business environment, operating cost,
and market demand. The index value ranges from 0 to 10, where 0 represents no economic risk for the
country, and 10 represents the highest level of risk [63]. Table 2 demonstrates that the risk evaluation
score in all V4 countries (considered as emerging economies) has mostly remained unchanged between
November 2019 and May 2020 and is relatively low and significantly below the emerging market
average of 5.5. Except for Hungary, Visegrad economies are expected to combat the ongoing pandemic
better than other ranked countries. Czechia is considered one of the least risky emerging economies,
due to its conservative fiscal and monetary policies, low public debt, and liquid and prudent banking
sector. Hungary belongs to moderate economically risky economies due to its prudent fiscal policy but
loose monetary policy.

Table 2. Economic risk evaluation forecast for the Visegrad Group countries for 2020.

Czechia Hungary Poland Slovakia
Nov.2019 May2020 Nov.2019 May2020 Nov.2019 May2020 Nov.2019 May 2020

Factors

Economic risk index
(ERI) (1-10)

Rank out of 164 (ERI) 16 12 39 42 30 26 26 23

2.9 2.8 3.8 3.8 3.3 3.2 3.2 3.1

Source: own elaborations based on Oxford Economics data [63].

3. Methodology

The Visegrad Group is a political alliance of four Central European countries—Czechia, Hungary,
Poland, and Slovakia.

The aim of this paper is to assess the short-term reaction of the Visegrad countries’ financial
markets to the COVID-19 pandemic. Two hypotheses have been formulated:

Hypothesis 1 (H1). The COVID-19 pandemic has significantly negatively affected major blue-chip stock
market indices in the Visegrad countries.

Hypothesis 2 (H2). The coronavirus pandemic has had a significant impact on the Czech koruna, Hungarian
forint and Polish zloty depreciation.
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The analysis is based on the Refinitiv Datastream data [72]. The changes in market expectations
are observed based on the measures of volatility implied in option prices. The implied volatility quotes
are mainly available in three types of options strategies, namely delta-neutral straddle, risk reversal,
and butterfly spread [73]. In the paper, the risk reversal strategy is applied to assess market perception
of the risk associated with high appreciation or high depreciation of the currency. The risk reversal
25-delta option’s implied volatility can be formulated as follows.

ORR = 025Acall ~ 025Aput 1)

where oRg is the risk reversal implied volatility and A is the rate of the option price change with respect
to changes in the underlying instrument.

The risk reversal measures the difference between the implied volatility of an out-of-the-money
(OTM) call option and out-of-the-money put option. Regarding Black-Scholes’ option delta,
the moneyness level is usually set at 25-delta. The 25-delta risk reversal consists of a long position in
25-delta call option and a short position in the 25-delta put option. When the risk reversal is large and
positive, it suggests that higher probability is attached to the large appreciation of the base currency
against the quoted currency. On the other hand, when the risk reversal is large and negative, it implies
that higher probability is attached to the large depreciation of the base currency against the quoted
currency [74].

The research was conducted for the EUR/CZK (Czech koruna), EUR/HUF (Hungarian forint),
and EUR/PLN (Polish zloty) exchange rates, and major blue-chip stock market indices, that is Prague
PX (Czechia), Budapest BUX (Hungary), Warsaw WIG20 (Poland), and Bratislava SAX (Slovakia).
Daily data refer to the period from 1 January 2014 to 7 May 2020 to extract the short-term effects
of COVID-19 on the Visegrad countries’ financial markets and are expressed as percentage changes.
The selection of 2014 for the beginning of the research period was dictated by the need to eliminate the
effects of the previous global financial crisis on the Visegrad countries” financial markets. The end of
the research period expresses the average starting point for lifting the containment and closure policies
by the Visegrad Governments.

Exchange rates and stock prices can be modelled using a variety of models, including GARCH [75].
The extensive framework of GARCH-type models proposed by Engle [76] and Bollerslev [77] was
designed to model the time-varying volatility structure in the financial markets. Numerous researchers
confirm that conditional variance responds asymmetrically to past information both in the stock and
exchange rate markets [78-80]. Lim and Sek [81] illustrate that the symmetric GARCH model performs
better than the asymmetric GARCH for the non-crisis periods. However, the asymmetric GARCH
model is preferred for the crisis period. Considering that the period of COVID-19 pandemic is treated
in the literature as the typical crisis period, an asymmetric GARCH model was applied to illustrate
the impact of COVID-19 cases on the exchange rates and major blue-chip stock market indices in the
Visegrad Group countries. An asymmetric threshold GARCH (TGARCH) is argued to be the optimal
basis for modelling prices on financial markets [82]. Sabiruzzaman et al. [83] provide evidence that
TGARCH specification is superior to GARCH specification, which is particularly important when
capturing the stock market leverage effect. This paper applies the TGARCH model proposed by
Glosten et al. [84], which captures asymmetry by adding a multiplicative dummy variable into a
variance equation to examine whether there is a statistically significant difference when the shocks are
negative or positive. Subsequently, generalized error distribution (GED) is used to capture the fat tails
of the conditional distribution [85]. There is a considerable amount of evidence that the unconditional
distribution of financial time series has fatter tails than Gaussian distribution [86]. The TGARCH(g,p)
model is described as follows:
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where Y} is the model dependent variable, COVID represents daily logarithmic changes in COVID-19
cases, &; is the error term, ht2 is the conditional variance, 8, «, v, ¢ are the model coefficients and w is
the generalized error distribution parameter.

4. The Impact of COVID-19 Cases on the Financial Markets of the Visegrad Group Countries

The COVID-19 pandemic has affected financial markets worldwide. It has had a considerable
impact on the price volatility in the foreign exchange market. The effects of the ongoing pandemic are
often compared with the global financial crisis of 2008. However, prior to the previous crisis, there were
numerous structural problems in the economy, while the roots of the present crisis are in the spread of
COVID-19 only [87]. Among others, the pandemic has affected the exchange rates. Figure 3 depicts the
Czech Koruna, Hungarian Forint, and Polish Zloty exchange rates in relation to the euro in the period
from the first officially declared COVID-19 case in the country until 7 May 2020.
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Figure 3. EUR/CZK, EUR/HUF, EUR/PLN exchange rate changes in the period from the first reported
COVID-19 case in the country until 7 May 2020. Source: own elaboration based on data from Refinitiv
Datastream [72].
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Figure 3 demonstrates that the EUR/CZK, EUR/HUEF, and EUR/PLN exchange rates increased
rapidly especially in March 2020 when the governments imposed several restrictions and WHO
characterized COVID-19 as a pandemic. In the aftermath of the first officially declared COVID-19
case in Czechia, the Czech koruna depreciated against the euro by approximately 9%. The EUR/CZK
exchange rate increased from 25.55 to 27.85 in the period from 2 March to 23 March 2020. The EUR/HUF
exchange rate reached the highest level on 3 April 2020. The Hungarian forint depreciated against the
euro from 335.55 on 4 March 2020 to 366.04 on 3 April 2020, which resulted in a 9% decline in the value
of the Hungarian currency. The Polish currency also depreciated strongly after the first COVID-19 case
was officially declared in Poland. The EUR/PLN increased sharply from 4.28 on 4 March 2020 to 4.62
on 23 March 2020. The EUR/CZK and EUR/PLN reached their local highs on the same day, that is,
on 23 March 2020.

The COVID-19 pandemic outbreak has also impacted the market participants’ attitude and
perception of the future price movement in the foreign exchange market. In the paper, the risk reversal
strategy is applied to assess the market perception of the risk associated with high appreciation or
high depreciation of the currency. Figure 4 presents a one-month 25-delta risk reversal of EUR/CZD,
EUR/HUEF, and EUR/PLN, where the euro is considered as the base currency and the Czech koruna,
the Hungarian forint and the Polish zloty are the quoted currencies.
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Figure 4. A one-month 25-delta risk reversal of EUR/CZK, EUR/HUEF, and EUR/PLN exchange rate
during the period of 2 March 2020 and 7 May 2020. Source: own elaboration based on data from
Refinitiv Datastream [72].

When the risk reversal is large and positive, it suggests that higher probability is attached to the
large appreciation of the base currency against the quoted currency in one-month period. The higher
the one-month 25-delta risk reversal level, the higher the probability that the Visegrad currencies
will depreciate in the following month against the euro. The first significant increase in the risk
reversal for the exchange rates was observed on 11 March 2020, immediately after WHO characterized
COVID-19 as a pandemic. The highest risk reversal increase for EUR/HUF and EUR/PLN occurred
on 16 March and lasted for several days. In turn, the expected probability that the Czech koruna will
depreciate in the following month against the euro strongly increased on 25 March 2020. From 9 April
to 7 May 2020, market expectations regarding EUR/CZK, EUR/HUF, and EUR/PLN remained at the
same level, attaching higher probability to the large depreciation of the Visegrad currencies against
the euro.

Since the beginning of the COVID-19 pandemic outbreak, the prices of risk assets have decreased
significantly. Rapid price declines in the Visegrad countries’ stock markets could be observed primarily
at the beginning of March 2020 when numerous restrictions imposed by the governments (Figure 1)
triggered deep declines in the stock market. Figure A1 (Appendix A) demonstrates that the stock
indices of the Visegrad countries recorded the largest declines from 11 March to 24 March 2020. Figure 5
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shows the percentage change in the Prague PX, Budapest BUX, Warsaw WIG20, and Bratislava SAX
stock indices in the period during the largest price declines.

10% - - 3%
% % &
g 5% - o . 0.-.. oo i 2 A) %D
E R :. ., .. . :- -.. s o'. :...‘_ 1 % v-a
S w» 0% . ., . * . %o . o g)D
] & 0% £
O g 3]
2 5% 1% 5
5 2% g
m -10% '
o e -3% é
= < 2}

-15% A - 4%

02/03 04/03 06/03 08/03 10/03 12/03 14/03 16/03 18/03 20/03 22/03 24/03
Prague PX Budapest BUX =~ eeeccce Warsaw WIG20 Slovakia SAX 16

Figure 5. The percentage change in the Prague PX, Budapest BUX, Warsaw WIG20, and Bratislava SAX
stock indices between 2 March 2020 and 24 March 2020. Source: own elaboration based on data from
Refinitiv Datastream [72].

The greatest daily decreases in the Prague PX, Budapest BUX, Warsaw WIG20, and Bratislava SAX
stock indices were observed between 9 March and 19 March 2020. The Prague PX index reached the
lowest level on 18 March 2020. In the aftermath of the first officially declared COVID-19 case in Czechia,
the Prague PX index decreased by 43%. The sharpest daily decline in the index was approximately
8% (Figure 3). Regarding the Budapest BUX index, it reached the lowest level on 19 March 2020.
From 4 March to 19 March 2020, Budapest BUX decreased by approximately 47% to 29,494. The steepest
daily decline in the index was approximately 12% (Figure 3). The greatest daily decrease caused by
uncertainty associated with the appearance of COVID-19 was observed on the Warsaw Stock Exchange,
where WIG20 index decreased by more than 14%. The Polish stock index reached its lowest level on
March 12. In the aftermath of the first officially declared COVID-19 case in Poland, WIG20 decreased
by 43%. The slightest daily percentage changes in stock prices were observed in Slovakia (Figure 3).
The SAX index reached its lowest level on 24 March 2020. From 6 March to 24 March, the Slovakia
index decreased by 12%, from 353.6 to 315.66.

The Augmented Dickey—Fuller tests [88] indicate that the null hypothesis of a unit root is rejected
at the 1% significance level for all considered time series. It implies that the analyzed data are stationary.
Seven separate TGARCH models for seven dependent variables Y; representing the exchange rates and
stock market indices in Czechia, Hungary, Poland, and Slovakia have been created for this research.
The independent variable COVID is the daily logarithmic changes in COVID-19 cases in the country
for which the model is developed. This study omits the analysis of the foreign exchange market
in Slovakia. Slovakia is one of the 19 members of the Eurozone and it cannot be assumed that the
change in the value of the euro currency may be directly related to the number of COVID-19 cases in
Slovakia. In the analysis of the impact of COVID-19 cases on the euro value, the number of cases in
other Eurozone countries should also be considered; however, this is not the subject of the research.

The orders g and p in TGARCH (g,p) are selected based on the Akaike Information Criterion
(AIC) [89]. The results are presented in Table 3.
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Table 3. Akaike Information Criterion (AIC) for TGARCH models.

Dependent Variables TGARCH (1,1) TGARCH (2,1) TGARCH (1,2) TGARCH (2,2)

EUR/CZK -10.732 -10.732 -10.731 -10.718
Prague PX -7012 7010 -7011 7011
EUR/HUF -8666 —8665 -8664 -8664
Budapest BUX -6397 -6396 -6393 -6395
EUR/PLN —8821 —-8821 —8820 —-8820
Warsaw WIG20 -6290 -6291 —6289 —6289
Bratislava SAX —6536 —6540 —6535 —6544

Source: own elaboration based on data from Refinitiv Datastream [72].

Based on the criteria for the lowest values of AIC, the TGARCH (1,1) model was selected for the
EUR/CZK, EUR/HUEF, EUR/PLN exchange rates, Prague PX and Budapest BUX stock indices, TGARCH
(2,1) model for Warsaw WIG20 stock index, and TGARCH (2,2,) for the Bratislava SAX stock index
(Table 3). The results for the TGARCH model are displayed in Table 4. The ARCH («) and GARCH (¢)
effects are significant for all considered time series, apart from the ARCH effect for the Prague PX index.
It implies the autocorrelation and persistence in conditional volatility. The insignificant ARCH term
means that the observed volatility of the last period provides no additional information when the last
period’s forecasted volatility is considered. A significant GARCH term implies volatility clustering.

Table 4. TGARCH model results.

Parameters EUR/CZK PX EUR/HUF  BUX  EUR/PLN  WIG20 SAX
B 0.01**  —0.02* 0.01 ** —0.02*  0.01**  —0.02*  —0.01**
ag 0.01 *** 0.01 ** 0.01* 0.01 *** 0.01 *** 0.01 *** 0.01 ***
M 0.48 *** 0.03 0.08 *** 0.03 * 0.13 *** —0.04 * 0.09 ***
a - - - - - 0.05 * —0.07 **
y —028%*  015**  —0.06**  0.13*%*  —0.08**  010**  —0.02**
o1 0.80 *** 0.85 *** 0.94 *** 0.85 *** 0.87 *** 0.90 *** 1.67 ***
©> - - - - - - —0.69 ***
@ 0.78 *** 1.25 ## 1.63 *** 1.32 1.36 ** 1.23 %4 1.57 #**

Notes: ***,** and * denote statistical significance at the 1%, 5%, and 10% significance level, respectively. Source:
own elaboration based on data from Refinitiv Datastream [72].

Table 4 implies that there is a negative correlation between the number of COVID-19 cases and the
values of the Czech koruna, the Hungarian forint, and the Polish zloty. The more COVID-19 cases there
are, the weaker the currencies of the Visegrad countries become. The results are in line with de Bock
and de Carvalho Filho [50] and Gilmore and Hayashi [54] who argue that emerging market currencies,
including the Czech koruna, the Hungarian forint and the Polish zloty, tend to depreciate against
most tradable currencies during the time of increased global risk aversion. The explanation is that in
risk-off episodes, investors search for safe haven properties, particularly major advanced economies’
currencies [51-53]. Moreover, the estimated asymmetry term coefficient (y) in the TGARCH model for
the exchange rates is negative and significant. This suggests that there is a negative asymmetric effect,
which means that higher volatility is attached to the positive changes in the EUR/CZK, EUR/HUE,
and EUR/PLN exchange rates. This is in line with the TGARCH model results for gold prices [90].
Higher volatility is attached to a positive price shock in the gold market.

The estimated slope coefficient § for all the analyzed stock indices is significant and negative.
The increase in COVID-19 cases contributes to the decline in the Prague PX, Budapest BUX, Warsaw
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WIG20, and Bratislava SAX stock indices. The results are consistent with Ali et al. [48], Ashraf [49],
and He et al. [43]. Furthermore, the estimated asymmetry term coefficient (y) in the TGARCH model
for the stock indices is positive and significant. The positive asymmetry term implies that the impact of
negative unexpected returns on future volatility is more significant than the impact of positive returns
of the same magnitude. The obtained positive asymmetry term is in line with the results of studies
that apply TGARCH to model stock market volatility [91,92].

5. Conclusions

Czechia, Hungary, Poland, and Slovakia, that is the Visegrad Group member states, were struck
by the COVID-19 pandemic at the beginning of March 2020 when the first official case was reported
in Czechia, followed by Hungary, Poland, and Slovakia. The pandemic occurrence, its development,
and dynamics vary across the Visegrad countries when considering the reported number of cases,
deaths, and testing policies. As a consequence of the COVID-19 outbreak, the national governments
responded by imposing broad economic, social, and sanitary restrictions. The containment and closure
policy in Czechia, Slovakia, and Hungary was more severe than in Poland.

The majority of restrictions were most oppressive between mid-March and the end of April. Based
on the mobility data reports published by Google, life has been returning to normality since mid-June.

Although any kind of economic predictions are operating with a high level of uncertainty,
COVID-19 is going to unprecedentedly affect all four Visegrad economies in 2020. It is expected to
cause a substantial GDP and trade turnover decline and an increase in the unemployment rate in the
analyzed countries. As a response, governments apply expansionary fiscal policies which have to be
followed by considerable budget imbalances.

COVID-19 has had a profound negative impact on the Visegrad financial markets. The pandemic
has affected the market participants’ perception of the future price movement in financial markets.
In addition, it has contributed to the increase in the 25-delta risk reversal for EUR/CZK, EUR/HUF, and
EUR/PLN. It implies that higher probability has been attached to the large depreciation of the Czech
koruna, the Hungarian forint, and the Polish zloty against the euro than to their large appreciation.

This paper applies the TGARCH model to assess the impact of COVID-19 cases on the exchange
rates and stock market volatility in the Visegrad countries. This study confirms a negative correlation
between the ongoing pandemic spread and the value of the Czech koruna, the Hungarian forint,
and the Polish zloty. The model results indicate that the increase in COVID-19 cases causes the decline
in the major blue-chip stock market indices. It suggests that the financial markets of the Visegrad
countries have reacted similarly to the spread of COVID-19. TGARCH model results show that higher
volatility is attached to positive changes in the EUR/CZK, EUR/HUF, and EUR/PLN exchange rates
and negative changes in Prague PX, Budapest BUX, Warsaw WIG20, and Bratislava SAX. This could
imply that during the COVID-19 pandemic, when the Visegrad currencies weakened and stock indices
plunged, the volatility was higher.

The empirical analysis presented in this study can serve as a starting point for a broader
macroeconomic impact of COVID-19 on the Visegrad economies, including the role of national
governments’ recovery programs.
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Figure A1. Slovakia SAX 16 in the period from the COVID-19’s first officially announced case in the

country to 7 May 2020. Source: own elaboration based on data from Refinitiv Datastream [72].
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