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Dynamic spillovers and connectedness between COVID-19
pandemic and global foreign exchange markets

Ismail O. Fasanyaa, Oluwatomisin Oyewoleb, Oluwasegun B. Adekoyab and
Jones Odei-Mensaha

aWits Business School, University of the Witwatersrand, Johannesburg, South Africa; bDepartment of
Economics, College of Management Sciences, Federal University of Agriculture, Abeokuta, Nigeria

ABSTRACT
This paper examines dynamic spillovers and connectedness
between global covid-19 occurrences and the Global FX market.
We specifically analyse the spillovers using six most traded cur-
rency pairs in the world utilizing daily data for the period
December 31, 2019 to April 10, 2020. The paper employs the
Diebold and Yilmaz (DY hereafter) (2009, 2012) approach to com-
pute the spillover indexes. We also consider the rolling window
analyses to capture the secular and cyclical movement in the
financial markets over the period of consideration. Our findings
indicate high degree of interdependence between the global
covid-19 occurrences and returns volatility of the majorly traded
currency pairs. Interestingly, both the returns and volatility spill-
over indexes exhibit both trend and bursts over the period of
pandemic. Our results are robust to the different VAR lag struc-
ture. Policymakers are advised to monitor the effects of global
COVID-19 announcement and assess the net effect of financial
market volatility on the behaviour of the global FX markets in
order address new and enhanced risks caused by the upsurge of
the COVID-19 pandemic.
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1. Introduction

With the advent of the global COVID-19 pandemic in December 2019, various world
economies have been adversely affected. Occurrences such as plummeting equities,
crippling global economic activities and surge in market volatility amongst others
have become prevalent across the world (Baker et al., 2020). Assessing the economic
impact of this crisis becomes expedient from a policy standpoint as the crisis unfolds
with extreme speed.

The outbreak of the COVID-19 pandemic has been unprecedented and its effect
on the world economy has been severe. This can be categorized into three main
channels namely; Demand Shock, triggered by quarantines, travel restrictions, and
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global disruption which have hampered consumer goods & services, tourism, hospi-
tality, and more; Supply Shock, evident from disruptions in global supply chains
without a clear resolution point and Financial Shock, as limited cash flow and liquid-
ity threaten to sink enterprises in an economic environment where the global finan-
cial safety net is strained and international cooperation is in declining health (see
Grenier, 2020).

A report by Zeidan (2020) indicates rich nations have spent over $9 trillion on
tackling the economic fallout from COVID-19 with more spending on the way as
governments try to ensure there is a functioning economy after the pandemic. The
damage done is projected to surpass the financial crisis and maybe even the Great
Depression proving to be the worst economic crisis in the last 70 years. The outbreak
of the COVID-19 pandemic has been unprecedented and its effect on world market
has been reflected in foreign exchange market. Surprisingly, the dollar has been a safe
haven for everyone. However, emerging markets have borne the brunt of the rush for
dollars. For example, the British pound fell more than 10 percent, Indonesia’s rupiah
lost almost 14 percent of its value since the beginning of the year, the Russian rouble
and Mexican peso have lost about 20 percent of their value, amongst others. Moreso,
the increasing level of global financial integration accentuated by rapid technological
advances have significantly enhanced the processing of financial services globally.
While this facilitates trade among nations, its associated risks and uncertainties also
pose a major concern. More prominently, when financial markets become more inter-
nationally integrated, the chances of spillover effect or contagion effect become more
eminent (see Fasanya & Akinde, 2019; Salisu et al., 2018). Motivated by these con-
cerns, this study examines the dynamic spillovers and connectedness between covid-
19 occurrences and returns of majorly traded currency pairs in the world.

A number of researches have been conducted on volatility movement among vari-
ous asset/stock classes and their reactions to macro news and global crisis with most
focusing on the US and European stock markets. However, with the recent emergence
of the COVID-19 pandemic, we are presented with a new opportunity to investigate
the dynamic spillovers and connectedness between covid-19 occurrences and returns
of the world’s most traded currency pairs as little or no study have been carried out
on this. It is the limited nature and paucity of such work in existing literature that
has spurred us to investigate the returns and volatility spillovers in the global cur-
rency market and its reaction to the global pandemic.

Motivated by these concerns, this study measures the dynamic spillovers and con-
nectedness between global foreign exchange (FX) markets and COVID-19 occurrences
using most traded currency pairs in the world. These currencies are The Euro and
US Dollar (EUR/USD) (nicknamed ‘euro’), The US Dollar and Japanese Yen (USD/
JPY) (nicknamed ‘gropher’), The US Dollar and Swiss Franc (USD/CHF) (nicknamed
‘swissie’), The British Pound and US Dollar (GBP/USD) (nicknamed ‘cable’), The US
Dollar and Canadian Dollar (USD/CAD) (nicknamed ‘loonie’), and The Australian
Dollar and US Dollar (AUD/USD) (nicknamed ‘aussie’). These currency pairs, along
with their various combinations (such as EUR/GBP, GBP/JPY and EUR/JPY) account
for more than 95% of all speculative trading in global FX (Salisu et al., 2018). Due to
the volume of foreign exchanges of these currency pairs, they are more likely to be
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susceptible to higher risks and uncertainties than the less traded currencies. Policy
makers must therefore develop an in depth understanding of returns and volatility
spillovers in the foreign exchange market to enable policy to focus closely on smooth-
ing out the effects of shocks to the transmission channel.

In addition, the nature of the currency market may pose some downsides such as;
volatile capital flows which may result in increased currency market volatility and
vulnerability to fluctuation of global financial markets which may be particularly
harmful for foreign exchange investors. Moreover, it is plausible that integration
within foreign exchange markets may indicate the absence of potential diversification
opportunities and this may pose an exposure to risk, as these integration makes the
market more susceptible to greater loss due to financial contagion in a crisis situation.
This study is therefore very significant and timely as information about linkages
within the foreign exchange market in the face of the COVID-19 pandemic will pro-
vide valuable information to stakeholders in the foreign exchange market, which may
help in portfolio formulation.

From the policy perspective, there are compelling reasons for investigating the
returns and volatility spillovers in the global currency market and its reaction to the
global pandemic. First, ‘information about the intensity of these spillovers provides
useful insights to portfolio investors on how to diversify their portfolio investments
in order to maximize returns’ (Fasanya & Akinde, 2019; Salisu et al., 2018). Second,
information about volatility transmissions would prove useful to policy makers in
identifying likely currencies which may be vulnerable to higher risks. Third, as
pointed out by Diebold and Yilmaz (2012), information about volatility transmissions
would be useful in providing early warning signs for budding crises, and to track the
evolvement of existent crises.

This study makes a methodological contribution by adopting Diebold and Yilmaz
(2012) approach to quantify the returns and volatility transmissions in the foreign
exchange market. To the best of our knowledge, no previous study has adopted the
Diebold and Yilmaz (2012) methodology to investigate this dynamic relationship and
connectedness between COVID-19 occurrence and the global foreign exchange mar-
ket. The Diebold and Yilmaz (2012) approach provides a simple and intuitive meas-
ure of interdependence of asset returns and volatilities by exploiting the generalized
vector autoregressive framework of Koop et al. (1996) and Pesaran and Shin (1998),
which produces variance decompositions that are unaffected by ordering. This is an
improvement on the Diebold and Yilmaz (2009) approach.

In addition to the applications rendered by Diebold and Yilmaz (2009, 2012), the
few notable studies that have adopted the methodology include Antonakakis (2012),
Awartani and Maghyereh (2013), Duncan and Kabundi (2013), Fasanya et al. (2019)
amongst others. Diebold and Yilmaz (2009) consider 19 stock market indices com-
prising of developed and emerging markets finding evidence of divergent behaviour
in the dynamics of return spillovers versus volatility spillovers: return spillovers dis-
play a gently increasing trend but no bursts, whereas volatility spillovers display no
trend but clear bursts. Unlike Diebold and Yilmaz (2009), Diebold and Yilmaz (2012)
consider spillovers across four asset classes namely stock, bond, exchange rate and
commodity markets in the US. Different financial markets have also been analyzed by
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the few related studies using this methodology. For example, Antonakakis (2012)
focus on Euro financial markets; Awartani and Maghyereh (2013) explore oil and
stock markets in the Gulf Cooperation Council countries; Duncan and Kabundi
(2013) consider South African financial markets; Nishimura et al. (2015) capture splli-
overs between Chinese and Japanese stock markets; and Fasanya et al. (2019) exam-
ines spillovers between sectoral stocks in Nigeria. All these papers find evidence of
interdependence in financial markets although the degree of intensity varies across
regions. Nonetheless, only Salisu et al. (2018) has been able to evaluate spillovers in
global FX markets. However, it does not consider the effect of the COVID-19. Our
results offer some useful generalizations relevant to spillovers and volatility transmis-
sions between COVID-19 occurrence and the global foreign exchange market. This is
the contribution of our paper.

Following this introductory section, we structure the rest of the paper as follows.
Section 2 presents the review of existing literature; Section 3 explains the method-
ology for our analysis. Section 4 describes the data and also provides some prelimin-
ary analyses. Section 5 discusses the empirical results. In Section 6, robustness checks
are considered and Section 7 concludes the study.

2. Literature review

This section presents a review of literature on dynamic spillovers and connectedness
between COVID-19 occurrences and the global FX markets. Numerous studies have
examined the connectedness and spillovers between various markets with conflicting
results on the existence and directions of transmissions. A number of these studies
already include literature reviews up to the date of their publication (see, e.g.
Albulescu et al., 2019 for a complete literature survey).

However, to the best of the authors’ knowledge, no empirical investigation of the
dynamic spillovers and connectedness between reported COVID-19 cases and the glo-
bal FX markets have been performed up to date as most of the existing studies only
conduct market-specific and region-based studies with none having considered the
effect of the global pandemic on the interactions between the global FX markets (see,
e.g., Albulescu, 2020; Antonakakis et al., 2016; Caporin et al., 2019; Corbet et al.,
2020; Fasanya & Akinde, 2019; Nikkinen et al., 2006). A study of the spillovers and
connectedness between COVID-19 pandemic occurrences and the global FX markets
would prove useful to policy makers in identifying likely currencies which may be
vulnerable to higher risks in the face of pandemics. Also, information about volatility
transmissions would be useful in providing early warning signs for budding crises,
and to track the evolvement of existent crises.

Many of the papers surveyed in this study have focused on volatility transmissions
across various regions and considering divergent markets. Worthy of mention is the
European FX markets (see, e.g., Bub�ak et al., 2011; Cai et al., 2008; Greenwood-
Nimmo et al., 2016; Nikkinen et al., 2006), the International real estate market (see,
e.g., Antonakakis et al., 2016; Caporin et al., 2019; Hoesli & Reka, 2011; Liow &
Huang, 2018), International equity markets (see, e.g., Albulescu, 2020; Diebold &
Yilmaz, 2009), major currency markets (see, e.g., Albulescu et al., 2019; Aslam et al.,
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2020; Salisu et al., 2018), cryptocurrency markets (see, e.g., Corbet et al., 2020;
Fasanya et al., 2019; Lahmiri & Bekiros, 2020) among others. However, in recent
times, we have noticed an emerging strand of literature on the impact of global pan-
demics on spillover transmissions between markets (see, e.g., Albulescu, 2020; Corbet
et al., 2020; Youssef et al., 2006) with none having examined the contribution of
COVID-19 to spillover transmissions among global currency pairs.

From a methodological perspective, different techniques have been adopted to cap-
ture volatility transmissions across markets. Some of the prominent techniques
employed include; Vector Autoregression (VAR) (see, e.g., Greenwood-Nimmo et al.,
2016; Nikkinen et al., 2006), TVP-VAR model (see, e.g., Youssef et al., 2006),
Lagrange multiplier (LM) volatility spillover test (see, e.g., Nazlioglu et al., 2020),
Bayesian Quantile-on-Quantile Approach (see, e.g., Caporin et al., 2019),
Nonparametric Causality-in-Quantiles Test (see, e.g., Albulescu et al., 2019; Bahloul
et al., 2018), Fourier Toda-Yamamoto causality (mean spillover) test (see, e.g.,
Nazlioglu et al., 2016), and most prominently Diebold and Yilmaz methodology (see,
e.g., Diebold & Yilmaz, 2009; Fasanya et al., 2019; Liow & Huang, 2018; Salisu et al.,
2018) to mention a few.

In terms of empirical findings, the results appear mixed. While most studies report
strong degree of interdependence as well as cross-market spillovers among the finan-
cial instruments (see, e.g., Albulescu et al., 2019; Bub�ak et al., 2011; Fasanya &
Akinde, 2019; Nikkinen et al., 2006; Salisu et al., 2018), some others argue for the
existence of divergent behaviour in the dynamics of return spillovers vs. volatility
spillovers (see, e.g., Diebold & Yilmaz, 2009). Furthermore, estimated results in some
studies show weak degree of interdependence among the financial instruments (see,
e.g., Fasanya & Akinde, 2019). However, the only known work till date that mirrors
this study is Salisu et al. (2018) which examines spillover transmissions among
majorly traded currency pairs. However, our present study differs from theirs by
examining spillovers and volatility transmissions between COVID-19 occurrence and
the global foreign exchange market. This is the contribution of our paper.

3. The Diebold–Yilmaz (2012) approach

For this paper, we apply the Diebold and Yilmaz (2012) spillover framework whose
analysis is based on the generalized vector autoregressive (VAR) model of Koop
et al. (1996) and Pesaran and Shin (1998), hereafter KPSS, whose variance decom-
positions computations are invariant to variable ordering. This framework involves
four types of spillovers-Total Spillovers, Directional Spillovers, Net Spillovers and
Net Pairwise Spillovers- that describes the level of connectedness or relationship
among variables. In setting up the spillover indexes, a covariance stationary VAR
pð Þ is considered. For detailed methodological exposition (see Diebold & Yilmaz,
2012, 2012)

zt ¼ Uzt�i þ et; et � 0,Rð Þ (1)

where zt ¼ z1t , z2t , . . . , zNtð Þ0 is an N � 1 vector of return/volatility series, U is an N �
N matrix of parameters, et is a vector of independently and identically distributed
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disturbances and R is the variance matrix for the error vector e: The moving average
representation can be written as:

zt ¼
X1

i¼0
Aiet�i (2)

where Ai is assumed to obey the recursion Ai ¼ U1Ai�1 þ U2Ai�2 þ � � � þ UpAi�p: A0

is an identity matrix with an N � N dimension and Ai ¼ 0 for i < 0: The coefficients
of the moving average in Equation (2) forms the basis for understanding the dynamic
process needed in determining spillover indexes. Before providing the representations
for the various indexes, the following preliminary considerations are important:

1. Own variance shares are defined as the fractions of the H-step-ahead error var-
iances in forecasting zi that are due to shocks to zi, for i ¼ 1, 2, . . . ,N:

2. Cross variance shares or spillovers are defined as the fractions of the H-step-
ahead error variances in forecasting zi that are due to shocks to zj, for i, j ¼
1, 2, . . . ,N, such that i 6¼ j:

3. Based on the generalized VAR framework of KPPS, H -step-ahead forecast error
variance decompositions denoted by hgij is written as:

hgij Hð Þ ¼
r�1
jj

PH�1
h¼0 e

0
iAhRej

� �2

PH�1
h¼0 e0iAhRAh

0
ei

� � (3)

where rjj is the standard deviation of e for the jth equation and ei is the selection
vector, with one as the ith element and zeros otherwise.

1. Since the sum of the contributions to the variance of the forecast error is not
equal to one – that is

PN
j¼1 h

g
ij Hð Þ 6¼ 1; Diebold and Yilmaz (2012) normalized

each entry of the variance decomposition matrix by the row sum in order to use
the full information of the matrix. The normalized KPPS H -step-ahead forecast
error variance decompositions represented by ~h

g
ij Hð Þ is expressed as:

~h
g
ij Hð Þ ¼ hgij Hð Þ

PN
j¼1 h

g
ij Hð Þ (4)

where
PN

j¼1
~h
g
ij Hð Þ ¼ 1 and

PN
i, j¼1

~h
g
ij Hð Þ ¼ N by construction.

Given these preliminaries, the total spillover index is written as:

Sg Hð Þ ¼
PN

i, j¼1i 6¼j

~h
g
ij Hð Þ

PN
i, j¼1

~h
g
ij Hð Þ � 100 ¼

PN
i, j¼1i 6¼j

~h
g
ij Hð Þ

N
� 100 (5)

All the parameters in Equation (5) have been previously defined. Essentially,
Equation (5) measures the contribution of spillovers of return/volatility shocks across
the assets under consideration. In our case, the total spillover index captures the
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contribution of spillovers of return/volatility shocks across the six (6) global FX mar-
kets with the global COVID pandemic cases to the total forecast error variance.

Also, it is possible to assess quantitatively the direction of spillovers across the
six global FX markets and COVID cases using the Diebold and Yilmaz (2012)
approach. These directional spillovers are classified into two namely ‘Directional
Spillover To’ and ‘Directional Spillover From’. The former measures the direc-
tional spillovers whether return or volatility transmitted by market i to all other
markets j considering the role of the pandemic while the latter relates to how the
pandemic affects the return or volatility received by market i from all other mar-
kets j: The index for the computation of ‘Directional Spillover To’ denoted by Sg:i
is given as:

Sg:i Hð Þ ¼

PN
j ¼ 1
j 6¼ i

~h
g
ji Hð Þ

PN
i, j¼1

~h
g
ji Hð Þ � 100 ¼

PN
j ¼ 1
j 6¼ i

~h
g
ji Hð Þ

N
� 100 (6)

Also, the ‘Directional Spillover From’ denoted as Sgi: is measured using the index
given below:

Sgi: Hð Þ ¼

PN
j ¼ 1
j 6¼ i

~h
g
ij Hð Þ

PN
i, j¼1

~h
g
ij Hð Þ � 100 ¼

PN
j ¼ 1
j 6¼ i

~h
g
ij Hð Þ

N
� 100 (7)

Equally, the Net Spillovers can be obtained using the index expressed below:

Sgi Hð Þ ¼ Sg:i Hð Þ � Sgi: Hð Þ: (8)

Equation (8) gives the difference between the gross return/volatility shocks trans-
mitted to and received from all other markets. In other words, information about
each market’s contribution to the return/volatility of other markers can be obtained
through the net spillovers. In our analysis, we consider a second order 6-variable
VARs with 10-step-ahead forecasts. Relevant diagnostics are also rendered to validate
the robustness of our results.

4. Data and preliminary analyses

This study covers both the returns and volatilities of global exchange currency pairs
considering the role of COVID-19 using daily data from December 31, 2019 – April
10, 2020. The start and end dates are governed based on data availability and the
need to have the same start and end dates for all series. The COVID-19 period ana-
lysis is restricted to 31/12/2019 (first officially reported COVID-19 case) to 10/4/2020
(when the first draft of the paper was submitted). The data on COVID-19 are
obtained from Datastream and World Health Organization (WHO) reports. The cur-
rency pairs data are freely downloadable from the database of Forex Forum Global
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View (www.global-view.com/forex-trading-tools/forex-history/). The returns of the
series (zt) are computed as the first difference of the natural logarithm of the level
series (Pt); this is expressed in Equation (1) below:

zt ¼
�
DlogðPtÞÞ�100 (1)

where zt represents the calculated exchange rate returns, Pt is the level exchange rate,
and D is the first difference lag operator. Thus, positive/negative returns will repre-
sent depreciation/appreciation of the quoted currency relative to the base currency.
Meanwhile, the volatility series is obtained from the estimation of GARCH(1,1)
model ðr̂2

t ¼ x̂ þ ât̂2t�1 þ b̂r̂2
t�1Þ: The summary statistics for the two series are pre-

sented in Tables 1 and 2 and thereafter we attempt to plot the trends in returns and
volatility series over the period under consideration.

Table 1 presents the descriptive statistics for global COVID-19 occurrence and
return series of all the currency pairs over the full sample period. The mean in the
table represents the average returns of each currency pair over the considered time
period. On average, three out of the six exchange rate pairs namely; EUR/USD, USD/
JPY and GBP/USD have negative average returns which imply the EUR and the GBP
appreciated against the USD while the JPY depreciated against the USD. On the other
hand, the USD/CHF, USD/CAD and the AUD/USD all have positive average returns
and this implies that the CHF and CAD appreciated against the USD while the AUD
depreciated against the USD. However, the COVID-19 occurrence averaged at 9.8038.
The maximum and minimum values including the skewness and kurtosis statistics of
the currency pairs’ returns are also presented. The return series of all the currency
pairs are skewed with. However, while the USD/JPY, USD/CAD and AUD/USD are
positively skewed, the EUR/USD, USD/CHF, GBP/USD and COVID-19 are negatively
skewed. The kurtosis statistics also reveal all series are highly peaked.

A graphical illustration of the return series is presented (see Figure 1). Figure 1
depicts that GBP, CAD and AUD appreciated against the USD consistently over the
period under consideration while the trend appears mixed for EUR, JPY and CHF
with the global COVID-19 occurrence trending upward. This observation is also con-
sistent with the computed descriptive statistics.

Table 1. Summary Statistics for log returns of six major currency pairs and world COVID-19 cases
return series.
Statistics EUR_USD USD_JPY USD_CHF GBP_USD USD_CAD AUD_USD COVID_WD

Mean �0.3433 �0.0005 0.0912 �0.3379 0.3445 0.3495 9.8038
Median �0.6706 0.0010 �1.2990 �0.3840 0.3307 0.3249 11.2349
Maximum 16.6566 0.6436 53.0316 12.4794 5.8685 6.7603 14.2589
Minimum �24.1178 �0.6232 �78.0394 �24.9995 �5.6366 �3.8934 3.2958
Std. Dev. 6.6341 0.1932 18.7138 4.7965 1.7712 2.0381 3.5022
Skewness �0.3078 0.3729 �0.4363 �1.3317 0.3437 0.6509 �0.7776
Kurtosis 4.7656 6.4036 6.6306 12.6017 5.7611 4.6394 2.2237
Jarque-Bera 10.4889 36.4227 41.8272 297.8571 24.2889 13.1474 9.1896
Probability 0.0053 0.0000 0.0000 0.0000 0.0000 0.0014 0.0101
Observations 72 72 72 72 72 72 73

Source: Compiled by the authors.
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Table 2 shows the descriptive statistics for the volatility series of all the currency
pairs and world COVID-19 cases under the whole sample period. Interestingly, all
the six currency pairs are highly volatile (though more volatile in some than others).
The average unpredictability nature of each currency pairs is captured by the mean in
the table over the considered time period. As observed, the volatile series of all the
six exchange rate pairs have positive average values which imply the EUR, GBP and
the AUD depreciated against the USD while the JPY, CHF and the CAD appreciated
against the USD. There also seems to be evidence of significant variations in the
trends of the six currency pairs over the scope covered. This is shown by the huge

Table 2. Summary statistics for the volatility of six major currency pairs and world COVID-19 cases
volatility series.

Statistics
EUR_USD_

VOL
USD_JPY_

VOL
USD_CHF_

VOL
GBP_USD_

VOL
USD_CAD_

VOL
AUD_USD_

VOL
COVID_WD_

VOL

Mean 3.56E-05 7.72E-05 3.69E-05 1.06E-04 2.59E-05 9.79E-05 3.88E-02
Median 1.18E-05 3.12E-05 1.42E-05 3.52E-05 1.74E-05 3.37E-05 2.54E-02
Maximum 1.57E-04 3.72E-04 1.74E-04 1.77E-03 8.09E-05 7.89E-04 1.36E-01
Minimum 5.27E-06 1.44E-05 3.92E-06 1.04E-05 2.96E-06 1.42E-05 3.28E-06
Std. Dev. 3.69E-05 9.26E-05 4.21E-05 2.35E-04 2.31E-05 1.41E-04 3.80E-02
Skewness 1.2102 1.8101 1.4898 5.4372 0.6020 2.7252 1.0678
Kurtosis 3.5202 5.3329 4.2410 37.1701 2.0287 11.2424 3.0126
Jarque-Bera 18.3857 55.6472 31.2541 3857.5410 7.1788 292.9287 13.6837
Probability 0.0001 0.0000 0.0000 0.0000 0.0276 0.0000 0.0011
Obs 72 72 72 72 72 72 72

Source: Compiled by the authors.

Figure 1. Combined graph for currency pairs and their returns. Source: DataStream; Forex forum
global view and World Health Organization (WHO) reports.
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difference between the minimum and maximum values for the six exchange rate pairs
and especially COVID-19.

Concerning the statistical distribution of the series, there is evidence of positive
skewness across all series. Regarding kurtosis, all the six exchange rate pairs are lepto-
kurtic indicating fat tails than the normal distribution. Similarly, the Jarque Bera (JB)
statistic shows evidence of non-normality for all the currency pairs under the whole
sample period.

Figure 2 illustrates the dynamics of the six exchange rate pairs considered. The
behaviour of these currency pairs follow an unsteady pattern with few notable spikes
providing evidence of significant unsteady patterns of currency pairs particularly dur-
ing the period of the global COVID-19 pandemic (Table 3).

Also, we subject each of the series in our model to unit root testing. We adopt the
Augmented Dickey-Fuller (ADF) test and the Ng-Perron (Ng-P) test for stationarity
and all return series appear to be stationary at the 1% significance level while the
logged values of the global COVID-19 occurrences is stationary at 5%.

5. Spillover analysis

Results from the Diebold and Yilmaz (2012) approach is usually partitioned into two
namely the Spillover Tables and the Rolling Window Analysis. The Spillover tables
produce a single-fixed (scalar) value for each of the indices over the period of inter-
est. This is particularly useful where the interest is to estimate the aggregate spillovers
over a particular period of time. However, a deeper and intuitive result can be

Figure 2. Volatility graph for currency pairs and global corona virus cases. Source: DataStream;
Forex forum global view and World Health Organization (WHO) reports.
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obtained where unprecedented events characterizing the behaviour of the spillovers
are reflected in the analysis. This is the essence of the rolling window analysis. Thus,
the latter complements the former as it unveils the cyclical and secular movements
explaining the behaviour of the spillovers from one period to another.

First, we analyze the spillover tables for both returns and volatility of the global
FX markets (see Tables 4 and 5 respectively). Table 4 presents the returns spillovers
computed for the whole sample from December 31, 2019 to April 10, 2020 based on
a second order 7-variable VARs with 10-step-ahead forecasts. We proceed to the
interpretation of the spillover table for the return series (see Table 4). Starting with
individual directional spillovers from others, swissie records the highest contribution
to the forecast error variance of euro returns with about 24.4% followed by gropher
with about 13.4%. Thus, shocks to swissie are more likely to affect the behaviour of
euro returns than shocks to other major FX markets in the world. Interestingly and
expectedly too, shocks to euro have greater impact on the forecast error variance of
swissie returns than shocks to other FX markets considered. The euro explains about
24% of the forecast error variance of swissie returns followed by gropher with 17.4%.
Also, although relatively smaller compared to euro and swisse FX markets, the fore-
cast error variance of cable returns is more influenced by shocks to aussie with about
25.5% and closely followed by loonie with about 23.6%. Similarly, the forecast error
variance of gropher returns is more influenced by shocks to aussie with about 17.5%
and closely followed by lonnie and euro with about 13.8% and 13.7% respectively. In
the case of aussie returns however, the contribution from other markets to its forecast
error variance is dominated by loonie with 26.5% and closely followed by cable with
19.6%. Like the aussie returns, the contribution of other markets to the forecast error
variance of the loonie returns is largely captured by loonie with about 23.7% and fol-
lowed by cable as well with about 16.6%.

COVID_WD however receives the lowest contribution from other markets with
gropher having the highest with about 3.5% and followed by cable with about 1.8%.
Thus, bidirectional spillovers seem more evident between swissie and euro as well as
between aussie and loonie than any other FX market pairs. On the whole however,
swissie returns receive the highest contribution from others with about 75% and fol-
lowed closely by euro, cable and gropher returns with contributions of about 71%,
67% and 62% respectively while aussie and loonie receives about 60% and 55%

Table 3. Unit root test results.

Series

ADF Ng-Perron

Level First Diff. I(d) Level First Diff. I(d)

EUR_USD �5.8682a
���

=¼ I(0) �3.8290b
���

=¼ I(0)
USD_JPY �9.6041a

���
=¼ I(0) �4.1743b

���
=¼ I(0)

USD_CHF �6.1689a
���

=¼ I(0) �3.7219b
���

=¼ I(0)
GBP_USD �5.6172a

���
=¼ I(0) �3.7657b

���
=¼ I(0)

USD_CAD �6.4930a
���

=¼ I(0) �4.0913b
���

=¼ I(0)
AUD_USD �5.3304a

���
=¼ I(0) �3.7104b

���
=¼ I(0)

COVID_WD �10.9545c
���

=¼ I(0) �3.1662c
��

=¼ I(0)

Note: a indicates a model with no trend and intercept; b Indicates a model with constant but without deterministic
trend; c is the model with constant and deterministic trend as exogenous lags are selected based on Schwarz info
criteria.���, ��, � imply that the series is stationary at 1%, 5% and 10% respectively.
Source: Compiled by the authors.
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respectively. COVID_WD records the lowest contributions from others. In other words,
shocks to other markets account for greater percentage of the forecast error variances
of loonie, aussie and cable markets than their own shocks while the forecast error var-
iances of COVID_WD is substantially explained by its own shocks. Intuitively, euro,
swisse, cable and gropher are more vulnerable to shocks to Global FX markets than
other currency pairs in the world. Our results provide evidence to support
COVID_WD plays a very limited role in the returns of globally traded currencies.

Furthermore, shocks to loonie seems to have greater impact on other global FX
markets than any other FX market. Following loonie in terms of influence in the glo-
bal FX markets are aussie, cable and euro which is closely followed by the swissie in
that order. The impact of gropher seems minimal. Although, it seems evident that
COVID_WD has very little impact on the returns of majorly traded currencies. With
regards to net spillovers, positive values are recorded for both loonie and aussie
although the former is higher (about 38%) than the latter (about 18%) while other
currency pairs considered have negative net spillovers. This suggests that loonie and
aussie give more than they receive in the global FX markets while others (euro, cable,
swissie, gropher and COVID_WD) give less than they receive. This finding further
strengthens the significance of loonie and aussie returns in the global FX markets.

Considering the total spillover index, the computed value of 56.6% indicates that
more than half of the total variance of the forecast errors during the sample is
explained by shocks across the currency pairs, whereas the remaining 43.4% is
explained by idiosyncratic shocks. Overall, both the total and directional spillover
indexes are quite high indicating the presence of return spillovers among the major
currency pairs considered.

It is evident from Table 5 that, there is a relatively higher spillover index for vola-
tility series than that of the return series (about 60.7%). Hence a stronger inter-
dependence occurs among currency and COVID_WD volatilities compared with
returns spillovers. Loonie explains about 42.2% of the forecast error variance of euro
volatility and is distantly followed by the swissie with just 17.7%. The swissie records
the highest dedication to the forecast error variance of gropher with about 25.8% fol-
lowed closely by loonie (20.6%) and remotely by aussie, cable and euro with 13.4%,
9.6%, and 8.9% respectively. Strikingly, there seems to be evidence of a bi-causal rela-
tionship between aussie and cable. The aussie contributes to the total error forecast
variance of the cable with about 22% while the cable also dedicated the highest of its
contribution to the total error forecast variance of aussie with about 15.9%.

Concerning net spillovers, positive values are recorded for both loonie and swissie
although the former is higher (about 93%) than the latter (about 11%) while other
currency pairs considered have negative net. This suggests that aussie and cable give
more than they receive in the global FX markets while the loonie and swissie give less
than they receive. Looking at the total volatility spillover index, which is a distillation
of the various directional volatility spillovers into a single index Diebold and Yilmaz
(2012), the computed value of 60.7% indicates that on average, across our entire sam-
ple, more than half (60.7%) of the volatility forecast error variance in the major FX
markets come from spillovers whereas the remaining 49.3% is explained by idiosyn-
cratic shocks.
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5.1. Rolling-window analysis

According to Diebold and Yilmaz (2012), the rolling window analysis unravels the cyc-
lical and secular events that the spillover table and index may be inadequate in captur-
ing. This is very much interesting given the decentralized nature of the global FX
market. As such the dictates and significance of the invisible hand is being explored. In
light of this, we propose a rolling window structure using 35-day sub-sample rolling
windows in order to address these insufficiencies and properly capture events or crises
episodes that may have occurred during the period under consideration.

Figures 3 and 4 present the plots for the return and volatility spillover indices.
Interestingly, both spillovers started off at a value above around 55%, with volatility
edging returns in the first window. The total return spillover plot reveals that spill-
over effects across the major currency pairs steadily increased between 50% and 75%
with few incidences of slight dips while the total volatility spillover mostly varied
between 72% and 80%. However, there was a large dip in the volatility index starting
on April 1 up till April 7 while returns steadily increased. This can be attributed to a
reduction in the Italian Manufacturing PMI indicative of an industry contraction pos-
sibly due to rising uncertainties stemming from the pandemic, rising crude oil inven-
tories indicative of low demand and rising unemployment claims.

5.2. Directional spillovers

Following our discussion of the total spillover plot in the global FX Market, we also
consider the direction of spillovers ‘from’ and ‘to’ others among the currency pairs
returns and COVID-19 occurrences as presented in Table 3. We proceed by examin-
ing the directional spillovers TO others as presented in Figure 5 below. The results
illustrated in Figure 5 reveal considerable variations over time. At volatile periods, the
directional spillovers to the returns of each of the six currency pairs and global
COVID-19 occurrence increase close to 130% while at less volatile periods, spillovers
from each market are less than 60%. Among the returns of the six currency pairs,

Figure 3. Return spillover plot. Source: DataStream; Forex forum global view and World Health
Organization (WHO) reports.
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USD_JPY records least directional spillover contribution to others compared to the
returns of other five currency pairs, while COVID_WD records directional spillover
contribution to others overall.

Similarly, Figure 6 presents the directional currency spillovers FROM each of the
six currency pairs and COVID_WD to others. The results vary greatly over time.
However, relative to the directional currency spillovers TO currency pairs discussed

Figure 4. Volatility spillover plot. Source: DataStream; Forex forum global view and World Health
Organization (WHO) reports.

Figure 5. Directional spillovers to the individual return series. Source: DataStream; Forex forum glo-
bal view and World Health Organization (WHO) reports.
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earlier (Figure 5), it shows a reverse pattern in variation. Figure 6 also reveals the
USD_CHF records most directional spillover contribution from others (Figures 7
and 8).

5.3. Net spillovers

The net directional spillover effects among the six major currency pairs and COVID-
19 occurrence are presented here using the rolling sample methodology mentioned
above. Consideration of the net directional spillover effects allows us to detect net
transmitters and receivers of spillovers and their contribution to total spillovers.
Figure 9 presents the net return spillovers for global COVID-19 occurrence and the
six majorly traded currency pairs examined in this study. This is calculated by the
difference between the ‘contribution to’ row sum and the ‘contribution from’ column
sum presented in Table 4. Figure 9 corroborates the results presented in the returns
spillover table (Table 4) indicating that USD_CAD (loonie) and AUS_USD (aussie)
are the major net transmitter of return spillovers throughout the sample while the
USD_CHF (swissie) is the major net receiver of return spillover. The net spillover
index for USD_JPY, EUR_USD and GBP_USD is negative and this implies they are
mainly receivers of return spillovers (Figure 10).

6. Robustness checks

We conduct robustness checks in order to ascertain the reliability of our results. This
is achieved by considering different VAR lag order to identify the sensitivity of the

Figure 6. Directional spillovers from the individual return series. Source: DataStream; Forex forum
global view and World Health Organization (WHO) reports.
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Figure 7. Directional spillovers to the individual volatility series. Source: DataStream; Forex forum
global view and World Health Organization (WHO) reports.

Figure 8. Directional spillovers from the individual volatility series. Source: DataStream; Forex
forum global view and World Health Organization (WHO) reports.

2076 I. O. FASANYA ET AL.



Figure 9. Net spillovers for the individual return series. Source: DataStream; Forex forum global
view and World Health Organization (WHO) reports.

Figure 10. Net spillovers for the individual volatility series. Source: DataStream; Forex forum global
view and World Health Organization (WHO) reports.Source: DataStream; Forex forum global view
and World Health Organization (WHO) reports.
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spillover indexes for both returns and volatilities. Consequently, considering the scen-
ario of VAR orders of 2–6, the resulting tables are presented in Tables 6 and 7. As
depicted in all these tables, there are only slight changes (�4% to þ4%) to spillover
index compared to the base case scenario, this is indicative that results for both
returns and volatilities are robust to all the considered scenarios. In other words, the
calculated spillover indexes for the return and volatility in the global FX market are
not sensitive to VAR lag structure. Basically, the results show that regardless VAR
lag, the model is well-behaved shown by the accordance of all the VAR orders from
2 to 6 of both the total return and volatility spillovers indexes.

7. Conclusion

The increasing confirmed COVID-19 occurrences is a major pointer to different facet of
uncertainty in the global economy. This uncertainty cuts across all forms of markets
and as such the global FX market is not left out. This paper examines dynamic spill-
overs and connectedness between the Global FX market and global COVID-19 occur-
rence by utilizing daily data for the period between December 31, 2019 to April 10,
2020 in order to assess the total spillovers, directional spillovers, net spillovers and gross
spillovers using the Diebold and Yilmaz approach. The following are our findings:

First, we find strong evidence of cross-market spillovers in the global FX markets
as about 56.6 percent of forecast error variance of the markets are due to spillovers.
This is consistent with findings of Salisu et al. (2018). Similarly, with the exception of
COVID_WD, the directional spillovers are quite high which is indicative of strong
interdependence in the returns of the major traded currency pairs. Intuitively, an
unprecedented change in the return of one currency pair is more likely to affect the
returns of other major currency pairs. Among the currency pairs considered, the
loonie and aussie seem to exert more influence on the behaviour of returns of the glo-
bal FX markets than other major currency pairs suggesting that both currencies give
more shocks to other currencies than they receive and are therefore less vulnerable to
fluctuations from other currency pairs while evidence indicates that the swissie is
more susceptible to variations in other currency pairs making it vulnerable to higher
risks. This is inconsistent with Salisu et al. (2018), who find that the euro, swissie,
aussie and cable appear to exert more influence on the behaviour of returns of the
global FX markets than other major currency pairs. This is perhaps due to the inclu-
sion of COVID_WD and differences in sample frame considered. Second, our results
provide evidence to support COVID_WD plays a very limited role in the returns of
globally traded currencies. However, a stronger interdependence occurs among vola-
tility spillovers compared with returns spillovers. Nonetheless, the rolling window
analyses unveil substantial volatility spillovers for some periods due to events such as
reduction in the Italian Manufacturing PMI indicative of an industry contraction pos-
sibly due to rising uncertainties stemming from the pandemic, rising crude oil inven-
tories indicative of low demand and rising unemployment claims. Lastly, we identify
different VAR lag structure and evidence proves our results are robust.

From a policy perspective, findings from our study necessitates that policymakers
monitor the effects of global COVID-19 announcement and also not overlook overall
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financial market risks by analyzing the net effect of financial market volatility on the
behaviour of the global FX markets. From an asset managerial perspective, the risk
management framework should be reassessed to address new and enhanced risks
caused by the upsurge of the COVID-19 pandemic. Policymakers would benefit from
in depth understanding of returns and volatility spillovers in the foreign exchange
market to enable policy to focus closely on smoothing out the effects of shocks to the
transmission channel. Given the daily announcement of cases, there is need for gov-
ernments all over the world to intensify efforts towards a lasting solution to the virus
to prevent a collapse in the global economy. As part of future research, it would be
interesting to extend our analysis into cryptocurrency, global foreign exchange stock
and bond markets of different countries. This will provide insights for global invest-
ors to develop better portfolio diversification benefits.
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