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Abstract: This study aimed to investigate the interactions between Bitcoin to euro, gold, and STOXX50
during the period of COVID-19. First, a bibliometric analysis based on the R package was applied
to highlight the research trends in the field during the period of the COVID-19 pandemic. While
investigating the effects of the pandemic on Bitcoin, the number of cases of COVID-19 was used
as a proxy. Using daily data for the period 1 March 2020 to 3 March 2020 and based on a vector
autoregressive model, impulse response, and variance decomposition were utilized to analyze the
dynamic relationships among the variables. The results revealed that the COVID-19 cases and gold
hurt the exchange rate of Bitcoin to euro, while there was great volatility regarding the response
of Bitcoin to a shock of STOXX50. The Granger causality test was constructed to investigate the
relationships among the variables. The results show the presence of unidirectional causality running
from new cases to STOXX50 and from STOXX50 to gold. This study contributes to the existing
scholarly research into the dynamic relationships that appeared among Bitcoin, gold, and STOXX50
in a period of great uncertainty. Finally, the findings have significant implications for investors, who
are interested in diversifying their portfolios.
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1. Introduction

The COVID-19 pandemic has posed a significant health and economic challenge to the
global community by causing financial uncertainty for both businesses and consumers. Lock-
downs and challenges such as those in the supply chain characterized the first half of 2020. The
global economy began to return to normality with the launch of vaccine campaigns. However,
this still had to deal with several obstacles such as investor anxiety, which causes investors
to behave in unanticipated ways (Chen et al. 2020). According to Li et al. (2021), there is an
increasing possibility of a market crash due to the fear sentiment because of the COVID-19
pandemic. According to the literature, the daily death rates and the number of new cases
are used as proxies for the COVID-19 event (Apergis 2022; Baig et al. 2021; Zhang et al. 2020).
When investors are more interested in a news event, the associated information is quickly re-
flected into asset prices, leading to higher volatility (Smales 2021). Furthermore, there is strong
evidence that volatility spillovers rise abruptly during this period (Adekoya and Oliyide 2022;
Akhtaruzzaman et al. 2021; Corbet et al. 2020). Under these circumstances, it is essential for
investors to know which assets react as a safe heaven or have a hedging behavior to diversify
their portfolio (Conlon and McGee 2020; Ji et al. 2020; Shehzad et al. 2021; Syuhada et al. 2022;
Yan et al. 2022) and re-establish their confidence (Salisu and Vo 2020). According to the litera-
ture, cryptocurrencies are better hedging assets over other financial assets such as stocks and
the U.S. dollar (Dyhrberg 2016), while gold acts as a safe haven (Baur and McDermott 2010;
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Jeribi et al. 2021). During COVID-19, many limitations were taken by governments such as
lockdowns and quantitative easing programs implemented by central banks.

The current research focused on cryptocurrencies, among other financial markets, as
a decentralized digital currency and independent of central banks and the government
to isolate other parameters and examine the impact of new cases of COVID-19 on the
volatility of cryptocurrencies. Moreover, it cannot be ignored that COVID-19 accelerated
the digital transportation, where it was noticed that there was an increasing interest in
digital currencies because of people’s fear that the virus may spread through monetary
transactions (banknotes and coins) (Harbourt et al. 2020; Pal and Bhadada 2020). Bitcoin
was used as the major cryptocurrency, gold was used as the proxy for commodities, and
STOXX50 was used as the proxy for the stock market. Gold is one of the major precious
metals. In turbulent times, investors seem to consider gold as a safe haven and tend to
increase their demand for it. Gold was used in this study to investigate whether gold
reacts either as a safe haven tool or as a hedging or diversification tool (Su and Kao 2022).
With regard to the European stock index STOXX50, this was used as the finding of our
bibliometric analysis revealed that cryptocurrencies and the stock market have cooperated
most frequently.

There has been little previous research on this topic. Salisu and Ogbonna (2021)
investigated the performance of cryptocurrencies in the period of COVID-19 and con-
cluded that fear-induced news increased the volatility of cryptocurrencies in contrast to
the pre-pandemic period. Similarly, Conlon and McGee (2020) confirmed the riskiness
of Bitcoin in this period. In contrast, Sifat (2021) and Wang and Wang (2021) found that
the COVID-19 pandemic did not influence the volatility of cryptocurrencies. On the other
hand, Goodell and Goutte (2021) concluded that Bitcoin prices rose in the pandemic period
and Corbet et al. (2020) suggested that large cryptocurrencies acted as a store of value
during this period. Employing a time-varying parameter vector autoregression (TVP-VAR),
Ha and Nham (2022) found that the health shocks of COVID-19 appeared to influence the
dynamic connectedness between crude oil, gold, stock, and the cryptocurrency market.

The wavelet method was used by Karamti and Belhassine (2022) to explore the relat-
edness between the COVID-19 pandemic and major financial markets. They used the daily
confirmed COVID-19 deaths as a proxy to the global COVID-19 fear, Asia was represented
by the Nikkei 225 (Japan) and SSE (China), the U.S. was represented by the S&P500, and
finally, the European market was represented by the CAC40 (France), DAC (Germany),
and FTSE (United Kingdom). Oil (WTI) and gold were included as the most commonly
traded commodities and Bitcoin and Ethereum as the two major cryptocurrencies. The
results showed that SSE, WTI, and gold could act as safe havens during the COVID-19
period, while cryptocurrencies and the Nikkei were highly correlated with the COVID-19
outbreak. They concluded that there was a differentiation between the short-run and long-
run period. Longer-term investors did not seem to be affected by the short-term market
fluctuations due to the COVID-19 pandemic. Using the wavelet method, Umar et al. (2021)
concluded that although Bitcoin reacted as a safe haven asset during the times of high
uncertainties, this relationship tended to change during the short- to long-run. Similarly,
Maneejuk et al. (2022) used network analysis and wavelet coherence in order to explore the
connectedness and comovement of financial markets consisting of stocks, commoditiess,
gold, real estate investment trust, U.S. exchange, o0il, and cryptocurrencies before and
during the COVID-19 pandemic. Yarovaya et al. (2022) investigated the financial market
reaction and the recovery of four classes of financial assets (stock market, precious metals,
bonds, and cryptocurrencies) to the COVID-19 outbreak. The findings imply that gold
offers limited mean reversion. Regarding stock markets, these assets seem to be more
predictable, and as a result, less risky, while cryptocurrencies are considered to be the
riskiest asset class in the long-run in terms of the unpredictability of returns. Using a
two-stage DCC-EGARCH model analysis, Ampountolas (2023) examined the correlations
between the return-volatility of cryptocurrencies and global stock market indices such as
the S&P500, DJI, GDAXI, and FTSE during the pandemic period.
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To sum up, the COVID-19 crisis can be considered as a black swan event, so it is of
great value to investigate the reaction and recovery of the major financial markets during
this period. This study intends to contribute to the scientific community by (i) investigating
the volatility of cryptocurrencies during the health and economic crisis of COVID-19 and (ii)
exploring the interaction among cryptocurrencies and other traditional financial markets
such as gold and the stock markets in this period. Few researchers have investigated the
volatility spillover among Bitcoin and other financial assets. Instead, this study attempts
to fill this gap by employing an impulse response analysis and variance decomposition
analysis, in a VAR framework, in order to explore the interactions between Bitcoin, gold,
and the STOXX50. The results revealed that Bitcoin had a significant fluctuation in this
period. It seemed to be sensitive to all variables (gold, STOXX50), but it appeared to have
the ability to recover quickly. Gold only seemed to be affected by the stock market, while
COVID-19 cases had no significant impact on the prices of gold, confirming its role as a
safe haven in periods of uncertainty. The STOXX50 fluctuated a lot and was affected by all
variables (Bitcoin, gold).

The rest of this paper is structured as follows. Section 2 presents the research trends
in the field with the use of bibliometric analysis based on R package. Section 3 presents
the materials and methods, while Section 4 discusses the results. Section 5 discusses the
most crucial findings, highlights the limitations of the research, indicates future paths for
research in the field, and concludes the paper.

2. Literature Review

A crisis like the COVID-19 pandemic might disrupt the stochastic process that de-
termines the returns and volatility (Di and Xu 2022). Before to the 2013 price fall, Bitcoin
volatility was asymmetric, moving in the opposite direction of traditional assets; how-
ever, this asymmetry was not apparent following the crash (Baur et al. 2022). Similarly, a
global disaster such as the COVID-19 pandemic might have a substantial impact on the
volatility and returns (Bourghelle et al. 2022; Sifat 2021). As a result, this topic has captured
the attention of most experts for future research. Academics in this area, for example,
have reported significant increases in both the returns and quantities traded in the major
cryptocurrencies, confirming that COVID-19 levels propelled the Bitcoin prices upward
(Foroutan and Lahmiri 2022; Le et al. 2021). According to the World Health Organization,
the People’s Republic of China is the origin of the COVID-19 pandemic (WHO). The World
Health Organization’s national office gathered data from the Wuhan Local Health Commis-
sion, reporting cases of “viral pneumonia” on 31 December. Initially, the virus appeared
to be exclusive to that region. France alerted the United Nations on 24 January of specific
cases reported by people who had been in the Wuhan region, the first confirmed cases in
Europe. Despite this, the COVID-19 infections and deaths remained at relatively low levels
in January and February (Baur et al. 2022). Additionally, the number of those infected and
died in Europe surged drastically in March before decreasing at the end of the month. After
China, Europe was the first continent to be devastated by the pandemic, with the most
devastating repercussions within a short period of time. In a recent study, Azimli used a
quantile regression technique to assess the influence of COVID-19 on the daily returns of
the S&P500 index (Azimli 2022). Moreover, Kwapié et al. used high-frequency data from
129 cryptocurrencies to evaluate the impact of COVID-19 on network architecture in the
cryptocurrency market (Kwapié et al. 2023).

Following the previous lines, the purpose of this research was to investigate the global
developments in cryptocurrencies, particularly Bitcoin, during the COVID-19 era. Many
studies have been conducted on the impact of the COVID-19 crisis on financial markets,
but it is especially important to investigate the volatility of cryptocurrencies because of
the COVID-19 pandemic (Zhang and Mani 2021). Bibliometric analysis with the use of
R-package was applied to highlight the research trends in the field during the COVID-19
pandemic. The research explored emerging trends and frontiers of blockchain by analyzing
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457 articles on the field of blockchain that were retrieved from the Scopus database for the
time frame of 2013 to 2020.

Following the bibliometric analysis, the terms “stock market” and “COVID-19” were
included in the analysis. The tree map (Figure 1), which was exported with the use of the
bibliometric tool Biblioshiny, showed that investments in Bitcoin were favored above gold
throughout the COVID-19 timeframe (Goodell and Goutte 2021). Experts and academics in
the field alike are predicting a recession. The Great Recession of the 2000s was followed by
the COVID-19 recession, a decade later, which was one of the most crucial and widespread
in global history. Because recessions occur on a regular basis, investors want to lose as little
money as possible if one occurs. Historically, an investor would retain some of their money
in precious metals such as gold (Ji et al. 2020; Zhang and Mani 2021). This safeguards
against the losses that equities may suffer during a downturn in the economy. This has
been and continues to be beneficial, but a new option is challenging this time-honored
approach of capital preservation (Corbet et al. 2020; Foroutan and Lahmiri 2022). Bitcoin
has been shown to be an appealing asset for investors as it has been around long enough to
obtain recognition and acceptance, and is even exhibiting certain trends. Therefore, this
type of initial coin offering has become a viable alternative investment for certain people. It
also has a wide range of potential applications and might be a worthwhile investment if
utilized wisely (Le et al. 2021; Ullah et al. 2022; Zhang and Mani 2021).

cryptocurrency volatility

spillovers
19
1%
covid-19 pandemic
59
4%

pandemic
30
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crude oil
i8
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Figure 1. Tree map. Source: Biblioshony/Scopus.

cryptocurrencies
54
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In line with the findings of Figure 1, the map of cluster analysis based on the authors’
keywords (Figure 2) showed that “cryptocurrencies” and “COVID-19” received the most
attention of scholars during the COVID-19 period. In addition, the term of safe haven is
strongly connected to the terms cryptocurrencies and the COVID-19 pandemic. Investor loss
aversion drives the concept of an investment safe haven, where investors are more concerned
about avoiding losses than with any potential rewards (Jeribi et al. 2021; Ji et al. 2020). At
times of market turmoil such as COVID-19, investors are compelled to seek safe-haven as-
sets that are uncorrelated or negatively correlated with conventional assets (Atri et al. 2021;
Chen et al. 2020). Many assets that can be classified as safe havens such as gold currencies,
long-dated treasury bonds, and, most recently, cryptocurrencies, have emerged across short- to
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medium-time horizons (Shehzad et al. 2021; Wang and Wang 2021). In the case of cryptocur-
rencies, their rising popularity has inspired a flurry of research regarding their investment
benefits, notably, their safe haven characteristics (Azimli 2022; Yarovaya et al. 2022). Scholars
have studied Bitcoin’s hedging and safe haven properties on an hourly basis and determined
that it serves as a hedge, diversifier, and safe haven for a range of international currencies
(Assaf et al. 2023; Katsiampa et al. 2022). Instead, other experts in the field have employed a
cross-quantilogram technique to identify safe haven features and discover some evidence that
Bitcoin, gold, and the commodities index are poor safe havens, but that this behavior varies
over time (Bekiros et al. 2021). Finally, other academics have discovered that using Bitcoin in a
portfolio of gold, oil, and emerging market equities significantly reduces the portfolio risk.
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Figure 2. Cluster analysis based on the authors’ keywords. Source: VOSviewer /Scopus.

Figure 3 depicts the country’s collaboration. The darker the color of the country, the
more research, relative to the keywords, there are in the country. Additionally, the diffused
blue in the map highlights the development of the current research work within the global
context. As shown in Figure 3, China is the leader of the countries. According to the
number and thickness of the lines, there are strong channels between China and Pakistan,
China and Australia, China and UK, Tunisia and Saudi Arabia.

Figure 4 represents the thematic map. The thematic map is divided into four quadrants.
The centrality of keywords is represented by the horizontal axis, while the density is
represented by the vertical axis. The centrality shows the degree of interaction among
clusters, while the density indicates the degree of connection between keywords in the
clusters. The upper right quadrant represents the motor themes, which have been at the
core of the researcher’s interests for a long time. The upper left quadrant is defined as highly
developed and isolated themes including themes well-developed but not important for the
current field. The lower left quadrant illustrates the emerging or declining themes. This
category includes the themes that are less developed by scholars, indicating the appearance
or disappearance of these themes. Finally, the lower right quadrant includes the basic
and transversal themes. These themes are important and less developed, revealing the
trend of the research field. Based on Figure 4, the COVID-19 pandemic appears in the
first quadrant as a well-developed theme with strong centrality and high density. The
appearance of cryptocurrencies in both quadrants of emerging and basic themes shows
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the increased interest of scholars on this topic, which provides a new pathway for future
research on the subject area of the volatility of cryptocurrencies during a pandemic. In our
study, we not only investigated the volatility of cryptocurrencies due to the pandemic, but
also the dynamic and causal relationships between cryptocurrencies, commodities, and
stock markets in this period of uncertainty.
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Figure 3. Thematic map. Source: Scopus/Biblioshiny.
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3. Data and Methods
3.1. Data

The scope of this investigation was to explore the volatility of cryptocurrencies, espe-
cially Bitcoin to euro in the period of COVID-19. Accordingly, the daily closing prices of
Bitcoin to Euro, gold, and the European stock index STOXX50 were used for a period from
1 March 2020 to 3 March 2020. The daily number of new cases in the European Union was
used as a proxy for the COVID-19 event. The original daily data were sourced from DATAS-
TREAM managed by Thomson Reuters and transformed into logarithmic form. The sample
period consisted of 734 daily observations including weekends, since Bitcoin is not confined
to business days. In line with Baur et al. (Baur and McDermott 2010; Dyhrberg 2016), we
assumed zero returns for Saturdays and Sundays to align all of the time series (gold, STOXX50)
with the Bitcoin data.

3.2. Methodology

The time-series of BTC/EUR, GOLD, and STOXX50 are encountered as endogenous,
so a vector autoregressive (VAR) model was constructed. VAR processes are popular in
economics due to their flexibility and simplicity for multivariate time series data. They were
introduced in econometrics by Sims (1980), as a natural generalization of the univariate
autoregressive model AR to a multivariate autoregressive time-series model. Regarding
the VAR model, every variable is affected by the previous values of all variables and error
terms. The autoregressive term is the own lag of the dependent variable, while the vector
is the number and lags of the other variables. The simplest VAR that can be constructed is
a bivariate VAR, where there are only two variables and one lag. This can be described as:

Yy =ap+ A1Yi1 +¢& 1)

where Y; = (gi ) are the variables of the simultaneous system; Y; | = (g:) are the

11 &12
&1 &2
of the lagged variables; &; = (i;) are stochastic error terms and are white noise disturbance
terms with E(e;) = 0and E(et, &) = Q, fort = s

variables with one lag; a; = (g;) is the constant term; A = ( > are the coefficients

E(et, &) =0, fort #s

Q) is the matrix of variance-covariance:

- V(ew) Cov (e, e2t)
0= (COU(SltrSzt) V(eat) ) (2)

An extension of the Bayesian VAR model with k variables and p lags is:
Y; :Ho+A1Yt_1 +A2Yt72+~~+Athfp+£t (3)
The VAR model designed for the variable of interest can be described as follows:

BTC/EUR; =a190+ A11BTC/EUR;_1 + A12BTC/EUR;_» + A13GOLD;_1+

4

A14GOLD;_» + A15STOXX50;_1 + A16STOXX50;_» @)

GOLD; = ayy + Ay»1BTC/EUR;_1 + A»BTC/EUR;_» + A»3GOLD;_4 5)
+ A4 GOLD_p + ApsSTOXX50;_1 + ApgSTOXX50;_»

STOXXS0, = aso + A3 BTC/EUR, ; + A52BTC/EURy 2 + AnGOLD

+A34GOLD; _» + A35STOXX50;_1 + A36STOXX50; o

where 4;) is the constant term of the i variable; A;; is the coefficient of i variable with j lags
and represents the short-term relationship between the dependent and independent variable i.
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A breakpoint unit root test was used to capture structural breaks. The two-lag selection
for the VAR model estimation was based on the Akaike criterion, as it is considered to be
superior and more effective compared to other information criteria (SC and HQ), providing
more reliable results (Danish and Wang 2018).

Within the framework presented above, the impulse response shows how the depen-
dent variable responds to shocks to each of the variables. Therefore, in these simultaneous
equations for each variable from each equation separately, a unit shock occurs to the
error, and the impact upon the VAR system over time is noted. Hence, the impulse re-
sponse analysis was utilized in order to explore the dynamic relationship among the
variables (Danish and Wang 2018; Etokakpan et al. 2020; Koch and Dimpfl 2023). Variance
decomposition offers a slightly different method for examining the VAR system dynamics
(Zhang 2011). It gives the proportion of the movements in the independent variable that
are due to its own’ shocks, versus shocks to other variables. Finally, a Granger causal-
ity test was performed in order to capture the causal relationships among the variables
(Adekoya and Oliyide 2022; Banerjee et al. 2022; Foroutan and Lahmiri 2022). In the VAR
framework, the Granger causality test tries to explore whether variable x causes changes in
variable y. If x causes y, then lags of x should be significant in the equation of y. In this case, it
can be said that x Granger causes y or that there exists a unidirectional causality from x to y.
If both sets of lags are significant, it can be said that there is bi-directional causality.

4. Results

Table 1 shows the descriptive statistical measures of the variables. The lowest mean
appeared in the STOXX50 (0.000221), while the highest price appeared in GOLD (1.00382).
The lowest deviation from the mean value based on the standard deviation was (0.011385)
and appeared to be in GOLD, while CASES had the highest price (0.209430). Most of
the variables (BTC/EUR, GOLD, STOXX50) had negative skewed data (—1.131362 < 0,
—0.169894, —1.289818, respectively), while all the variables were leptokurtic (20.38825 > 3,
3.369737 > 3,7.569779 > 3, 15.91682 > 3).

Table 1. Descriptive statistics.

Variables BTC/EUR CASES GOLD STOXX50
Mean 0.000968 0.006988 1.000382 0.000221
Median 0.002761 0.011616 1.000811 0.000763
Maximum 0.418035 0.610045 1.059738 0.088343

Minimum —0.580335 —0.703200 0.951312 —0.132405
Std. Dev 0.068304 0.209430 0.011385 0.016085

Skewness —1.131362 0.082114 —0.169894 —1.289818
Kurtosis 20.28825 3.369737 7.569779 15.91682

Table 2 presents the results of the breakpoint unit root test. The null hypothesis can be
rejected at a 1% significance level, as a result, all the variables do not have unit roots with
structural breaks.

Table 2. Augmented Dickey-Fuller break unit root results.

Variables Intercept Trend and Intercept
t-Statistic t-Statistic
BTC/EUR —27.61717 % —27.74215 %
CASES —5.445705 * —5.647285 %
GOLD —24.05165 * —24.04325 %
STOXX50 —26.66801 * —26.74654 *

* Indicates 1% significance. Notes: For the intercept, critical t-values were taken as —4.949133 for the significance
level of 1%. For the trend and intercept, critical t-values were taken as —5.347598 for the significance level of 1%.
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In order to provide evidence about the volatility of financial markets in the pandemic
period, we utilized the impulse response analysis. The following figures show the im-
pulse responses of a variable to one-standard-deviation shock in other variables in the
future and their 95% confidence bands from the four-variable VARs. The number of days
(10 days period) is represented by the horizontal axis (X) of the chart and the vertical
axis (Y) depicts the amount of the variable expected to change following a unit impulse.
Since the impulse response analysis is sensitive to the ordering of the variables, we put the
dependent variable BTC/EUR in the first place (Li and Su 2017; Zhang et al. 2017).

Specifically, Figure 5 presents that BTC/EUR was sensitive to COVID-19 cases. A
shock in the COVID-19 cases had an initially negative effect from 1 to 2.5 days, reaching
its minimum rate on the second day, after which it turned weakly positive. This implies
that COVID-19 cases have a significant impact on BTC/EUR returns. Similarly, Apergis
(Apergis 2022) concluded that the pandemic factor exerted a significant negative impact
on the mean of cryptocurrency returns. On the other hand, our results contradict those of
Sifat (2021) and Wang and Wang (2021), who documented that global sentiment proxies
did not influence the volatility of cryptocurrencies, and mostly those associated with the
COVID-19 pandemic. In response to shocks stemming from the gold, BTC/EUR remained
unaffected in the first two days and had a negative impact from 2 to 4 days, then was
stabilized to zero. The response of BTC/EUR to STOXX50 fluctuated constantly, reaching
the maximum level on the second day and the minimum on the third. This stabilized to
zero after the sixth day.

Figure 6 depicts the impulse response of Bitcoin to all of the variables. According to
these results, the cases, gold, and the STOXX50 exerted a negative influence on BTC/EUR
most of the time, while there was a significant fluctuation in the period of COVID-19.
Bitcoin seemed to be most affected by the COVID-19 cases. Similarly, Salisu and Ogbonna
(Salisu and Ogbonna 2021) showed that the volatility of Bitcoin was higher during COVID-
19 than the period before it. There were two significant findings in our study. The first one
revealed that Bitcoin was very sensitive to all of the variables, even though cryptocurrencies
were decentralized digital currencies. The second finding was that although Bitcoin had a
great fluctuation, it appeared to be able to recover quickly from the shocks nearly to the
sixth day.

Figure 7 illustrates the response of gold to a shock from the COVID-19 cases, the
Bitcoin to euro, and the STOXX50. Based on our findings, a shock in the exchange rate
of Bitcoin to euro did not seem to affect the gold. On the other hand, a shock in the
STOXX50 seemed to positively affect the gold after the first day. According to the liter-
ature, gold and stock markets were highly correlated during the COVID-19 pandemic
(Benlagha and Omari 2022; Hung and Vo 2021). As far as COVID-19 cases are concerned,
a shock in this variable appeared to negatively affect gold until the middle of the third day.
Paramati et al. (2022) concluded that decreases in COVID-19 new cases and increases in
recoveries made investors more optimistic and tended to demand more gold. In contrast
to our results, Atri et al. (2021) and Gautam et al. (Gautam et al. 2022) showed that gold
prices increased in the period of COVID-19. Other scholars have concluded that gold has a
permanent causality with the number of COVID-19 cases (Tuna and Tuna 2022).
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Figure 5. Impulse response of BTC/EUR. Notes: The red line depicts the confidence interval, while
the blue line depicts the response of bitcoin to Cholesky. One S.D innovation of each variable.
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Subsequently, it was observed in Figure 8 that the response of STOXX50 to the other
variables had the highest fluctuation. More specifically, a shock in the cases seemed to
affect the STOXX50 in a positive way during the first 2.5 days and in a negative way on
days 3—4. The appearance of this volatility is in contrast with Tuna and Tuna (2022), who
concluded that the number of COVID-19 cases had neither a temporary nor permanent
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effect on conventional stock markets. Baker et al. (2020) confirmed that COVID-19 had the
greatest impact on the global stock market. The impact of Bitcoin on STOXX50 was negative
most of the time, reaching the lowest rate on the third day. The response of STOXX50 to
gold was positive over the entire time frame. According to Dutta et al. (2020), gold plays
an important role in the downside hedging in stock markets. Similarly, Le et al. (2021)
demonstrated that volatility transmission across Fintech stocks, gold, and Bitcoin was
exacerbated during COVID-19.

Response of STOXX50 to Cholesky
One S.D. Innovations
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0.0000
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Figure 8. Impulse response of the STOXX50.

To further investigate the volatility of the variables, variance decomposition analysis
was employed. The results are summarized in Table 3, which shows the calculations in 10-
time horizons. At the 10-day forecasting horizon, CASES, GOLD. and STOXX50 explained
0.49%, 0.13%. and 0.40% of Bitcoin to euro respectively, with 98.97% of BTC/EUR being
explained by its own innovations. The results revealed that the variance decomposition of
Bitcoin is explained mostly by its own shock and then by COVID-19 CASES and STOXX50,
while GOLD contributed little to the explanation of BTC/EUR.

Table 3. Variance decomposition of BTC/EUR.

Period BTC/EUR CASES GOLD STOXX50
1 100.0000 0.000000 0.000000 0.000000
2 99.43263 0.465345 0.000284 0.101741
3 99.01847 0.484428 0.125595 0.371506
4 98.99203 0.491697 0.127803 0.388474
5 98.97021 0.493587 0.128967 0.407234
6 98.96718 0.495325 0.129035 0.408459
7 98.96658 0.495329 0.129116 0.408979
8 98.96651 0.495345 0.129117 0.409027
9 98.96646 0.495364 0.129119 0.409054
10 98.96646 0.495366 0.129119 0.409056

The causal relationships among the variables were explored by using the Granger causal-
ity test. We proceeded to estimate the pairwise Granger causality to determine the uni, bi, or
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no direction of causality among the variables. According to Table 4, there was a unidirectional
causality from COVID-19 cases to STOXX50 at a significance level of 5%, while STOXX50
Granger caused GOLD at a significance level of 1%. Similarly, Balcilar et al. (2019) stated that
there was a causal relationship between gold and the stock market, but it was not permanent.

Table 4. Pairwise Granger causality test.

Null Hypothesis: F-Statistic Prob.
Sﬁfissfr‘é?i ES;Gmnger 1.24033 0.2902
](3:1"5 !engg%%es not Granger 198356 02779
SS}SSS;’ES/E‘SS e 0.34747 0.7066
(B:ZL(IZ S/eE(l';Jch]l;)es not Granger 0.00021 09998
?:Eg;(exssgcd / E%rﬁm craneer 0.90151 0.4066
ggs/eEs%Ic{)i;essomt cranger 0.82065 0.4407
gglLs?gZessﬁgOt craneer 0.29560 0.7442
g;%uSiS C(;lglej) not Granger 0.40572 06667
gl;(j:(eXCSOA gggs not Granger 021923 0.8032
gffsEesschg;Q% craneer 3.32819 0.0366 **
gl;g;iXGSOO i(];es not Granger 6.07341 0.0020 ***
giLsE;f)S;i%BGranger 1.13881 0.3210

Notes: ***, ** are the significance level of 1% and 5%, respectively.

5. Discussion and Conclusions

The impact of the COVID-19 pandemic has affected the global financial markets almost
across all dimensions, from traditional financial assets such as stock markets and precious
metals, to the more contemporary assets such as cryptocurrencies, due to the presence
of a fear sentiment among investors. According to our bibliometric analysis, Bitcoin and
COVID-19 are a major theme of academic research. Furthermore, keywords such as stock
market and precious metals indicate an increasing interest of researchers.

This study analyzed the volatility of cryptocurrencies in the COVID-19 period and
the dynamic relationships among Bitcoin, gold, and STOXX50 in this period. For this
purpose, the daily European number of new COVID-19 cases, Bitcoin to euro, gold, and
European index STOXX50 between 1 March 2020 and 3 March 2022 were used. Despite
the limitations of this study, the correlation coefficient does not account for changes over
time as it deals with a single number for the entire period in a VAR framework, so we
utilized the impulse response analysis and the variance decomposition method to capture
the dynamic relationships among the variables.

The findings revealed that fear-induced news such as newly confirmed COVID-19 cases
increased the volatility of Bitcoin to euro. In particular, a shock in the COVID-19 cases had an
initially strong negative effect from 1 to 2.5 days, reaching its minimum rate on the second day,
after which it turned weakly positive. This is in line with other scholars, who have concluded
that negative sentiments associated with COVID-19 significantly influenced Bitcoin returns
(Apergis 2022; Corbet et al. 2020). Yarovaya et al. (2022) investigated whether the COVID-19
crises served as a black swan event on cryptocurrencies, resulting in behavioral anomalies
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such as investor herding. In a similar vein, Conlon and McGee (Conlon and McGee 2020)
documented that Bitcoin failed to act as a safe haven. It is crucial to explain the cryptocurren-
cies’ behavior in this period by considering two different approaches: the first one concerns
the fear sentiment of the investors, whereas the second one concerns the increasing global
interest in digital transactions. Based on the fear sentiment approach, we can explain the
strong negative impact of COVID-19 cases on the volatility of Bitcoin to euro in the first
2.5 days. After this, is seemed to turn weakly positive, a behavior that can be explained by
considering the second approach of the increasing rate of digital transactions.

In our study, we tried to compare the behavior of cryptocurrencies with less volatile
markets such as commodity markets. Gold is considered to be a safe haven for many investors,
especially in periods of great uncertainty (Baur and McDermott 2010). Our results revealed
that in response to shocks stemming from gold, BTC/EUR remained unaffected in the first
two days and had a negative impact from 2 to 4 days. On the other hand, gold did not seem
to be affected from a shock of Bitcoin. The results confirm the role of gold as a safe haven.
Similarly, Shehzad et al. (2021) concluded that the return on investments in gold was higher
than portfolio investments combined with stocks and Bitcoin. Based on our findings, there is
a significant interaction between gold and the stock market.

Regarding the dynamic relationship between Bitcoin and STOXX50, we concluded
that these variables had the highest fluctuation. The response of BTC/EUR to STOXX50
fluctuated constantly, reaching the maximum level on the second day and the minimum
on the third. It is worthwhile mentioning that even though Bitcoin was sensitive to the
shocks of all variables, it seemed to have the ability to recover quickly, possibly revealing
its safe haven characteristic. Finally, according to the Granger causality test, there was a
unidirectional causality from COVID-19 cases to STOXX50 at a significance level of 5%,
while STOXX50 Granger caused GOLD at a significance level of 1%.

The current analysis has several implications for academics, policymakers, and investors.
Constructing a bibliometric analysis, we identified that the volatility of cryptocurrencies and
the connectedness spillover among Bitcoin, gold, and stock markets are important themes to
the research field, as a promising research area, and further investigations are recommended.
Policymakers should consider the interaction among cryptocurrencies and traditional financial
markets such as commodities and stock markets in turbulent periods, in order to better react
to the dynamics of digital currencies and adjust their monetary policy decisions. During
stressful periods with high volatility, our findings are crucial for investors to make investment
decisions by adopting the right trading strategies (Loizia et al. 2021; Vardopoulos et al. 2021).
Our study had some limitations, as we focused on European Union data. Regarding future
research, we could expand our study by including a comparison with other countries such as
China or the USA. Furthermore, a subject of future research could be the investigation of the
volatility of cryptocurrencies through an asymmetric modeling approach such as the ADCC-
GARCH model to capture the impact of positive and negative shocks. The increasing interest
of digital transformation and blockchain technology could lead researchers to investigate not
only Bitcoin, but also other cryptocurrencies such as Ethereum, Ripple, Litecoin, Platicoin,
and Stellar. Moreover, with respect to the use of the Granger causality test, it is a measure
based on second-order, correlation-based statistics, which limits its use to linear systems. As
a result, to quantify the information flow, and because the VAR technique cannot estimate
this connection, measures sensitive to non-linear interactions and linkages must be used such
as transfer entropy. Given the authors’ discovery of nonlinearities in the data, the analysis
should be enhanced by including a method that is resistant to nonlinearities. This will also be
a subject of our future research work.
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