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Dynamic spillovers between precious metals and travel &
tourism stocks in South-East Asia: do infectious disease
outbreaks matter?

Ismail Fasanyaa and Oluwatomisin Oyewoleb

aSchool of Economics and Finance, University of the Witwatersrand, Johannesburg, South Africa;
bDepartment of Economics, Federal University of Agriculture, Abeokuta, Nigeria

ABSTRACT
The interconnection between travel and leisure industry and pre-
cious metals markets has attracted a lot of interest among invest-
ors, policy makers, practitioners and market participants. We
investigate the role of infectious diseases-based uncertainty on
the dynamic connectedness between Southeast Asia travel and
tourism stocks indices and four major precious metals namely;
gold, silver, palladium, and platinum over the period 31 March
2015 to 5 February 2021. We adopt the time-varying parameter
vector autoregressions (TVP-VAR) and the nonparametric causal-
ity-in-quantiles approach for its methodological superiority over
linear approaches in capturing the presence of causality at differ-
ent quantiles of the commodity distribution. The following is dis-
cernible from our analyses. First, we find strong spillovers
between the two markets, implying there are diversification
options. Second, silver and platinum are best effective portfolio
diversification tools among precious metals. Third, strong evi-
dence of nonlinearity makes it crucial for consideration when
examining the role of diseases-based uncertainty in affecting the
interactions between travel and tourism stocks and metals mar-
kets. Lastly, connectedness between uncertainty due to infectious
diseases and the markets is stronger mostly around the lower
and normal quantiles. These results have important policy implica-
tions for policymakers and market participants.
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1. Introduction

The analysis of risk transmissions across markets has gained prominence among mar-
ket participants and researchers in recent times. This is due to its several critical prac-
tical implications in terms of market efficiency, asset allocation, hedging, and
portfolio risk management. According to Mensi et al. (2017), cross-market linkages
increase significantly following periods of crisis, indicating the likely presence of
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contagion effects, which limit international portfolio diversification benefits. Some of
such crisis include the 1998 Asian Financial Crisis, 2008 Global Financial Crisis, 2012
European Sovereign Debt Crisis, and the ongoing COVID-19 pandemic. Investors
and portfolio managers now look to the precious metals for alternative ways of effect-
ively managing their portfolios in the face of crisis situations.

Many studies have examined the relationship between precious metals and various
asset classes, ranging from oil prices to commodity prices, financial assets, real estates,
cryptocurrencies, among others (see for example, Adekoya et al., 2020; Arouri et al.,
2015; Baur & Lucey, 2010; Baur & McDermott, 2010; Fasanya et al., 2021c; Fasanya
& Awodimila, 2020; Sikiru & Salisu, 2021). In the same vein, studies on the use of
precious metals as a hedging tool continues to gain prominence in the finance litera-
ture. Examples include: Baur and Lucey (2010), Hood and Malik (2013), Arouri et al.
(2015), Lucey and Li (2015), Aye et al. (2016), Bhatia et al. (2020) and Sikiru and
Salisu (2021). This keen interest in precious metals is due to investors’ readiness to
diversify away from the rising risk in the stock markets by investing in other asset
groups (Arouri et al., 2015). This is not surprising as precious metals possess intrinsic
attributes which make them stores of value as they help hedge against inflation. In
addition, precious metals act as financial arbitrage and serve as safe havens during
times of financial turbulence and crises because they have smaller correlations with
equities and provide distinct volatilities and returns at the sector and market levels
(see Arouri & Nguyen, 2010; Baur & Lucey, 2010).

From a theoretical perspective, there is compelling evidence to assume a connection
between/among financial assets based on the Modern portfolio theory by Markowitz
(1959) which adopts the mean-variance (return-risk) framework to analyse portfolio
choice and diversification decisions. This is important as there is need for risk mini-
mization in the face of unfavourable economic conditions and volatile business cycles.
As an improvement on the modern portfolio theory, the Capital asset pricing model
(CAPM) was developed, postulating a linear relationship between an asset’s risk and its
expected rate of return. This theory was expanded to account for international market
concerns, culminating in the formulation of the international capital asset pricing model
(ICAPM), which allows investors to shift their investments from domestic assets like
stocks to financial instruments like gold amid market unrest (Sikiru & Salisu, 2021).

In the empirical safe haven literature, a number of studies have examined the rela-
tionship between precious metals and stock returns while gold in particular, is com-
monly regarded in financial markets as an excellent hedge and a safe haven asset (see
for example, Adekoya et al., 2020; Arouri et al., 2015; Baur & Lucey, 2010; Baur &
McDermott, 2010; Sikiru & Salisu, 2021). For instance, Baur and Lucey (2010) dem-
onstrate that gold acts as a safe haven for equities in the United States, the United
Kingdom, and Germany, particularly after severe negative shocks to stock markets.
Sikiru and Salisu (2021) also find that gold serves as a very strong hedge and safe
haven for travel & tourism stocks, most especially in the pandemic period. However,
Lucey and Li (2015) demonstrate that when gold fails, silver, palladium, and platinum
function as a safe haven.

Motivated by the aforementioned explanations, and considering the present epi-
demic and the necessity for diversification among investors, this study investigates
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whether investors in South-East Asian travel and tourism stocks may benefit from the
potential of precious metals as a viable investment option and for risk management
purposes. For a number of reasons, the emphasis on South-East Asia travel and tour-
ist stocks is purposeful and justifiable. One, in 2019, the travel and tourism industry
contributed more than 393 billion US dollars to South-East Asia’s GDP, up from
197.3 billion dollars in 2010 (Statista, 2021). Two, the coronavirus outbreak that has
caused an economic crisis has had its worst effect on the travel & tourism sector with
about 70% loss in revenue (Sikiru & Salisu, 2021). This is due to the severe demand
shock for services such as mass transportation, hospitality, tourism, and logistics
which affects the competitiveness of affected nations and, as a result, may result in
significant losses in tourist revenues (Sikiru & Salisu, 2021).

Based on the above insights, this paper adds to the body of knowledge on infec-
tious diseases by focusing on the causal influence of uncertainties due to infectious
disease outbreaks (EMV_ID) on the volatility connectedness between the South-East
Asia travel & tourism stocks and the precious metals market. First, we examine the
connectedness between the markets, because market integration may suggest a lack of
viable diversification alternatives, which may expose one to risk, as these integration
makes the market more susceptible to greater loss due to financial contagion in a cri-
sis situation. In addition, in the wake of the ongoing pandemic, we assess the attend-
ant strength of precious metals in serving as a hedge against risk exposure. To do
this, we adopt the Antonakakis et al. (2020) time-varying parameter vector autore-
gressions (TVP-VAR) technique. Unlike the Diebold and Yilmaz (2012) approach,
TVP-VAR avoids the problem of choosing an optimal rolling window size and pre-
vents loss of observations during estimation (Fasanya et al., 2021a).

Second, motivated by the paucity of research on how volatility connectedness
between the South-East Asia travel & tourism stocks and the precious metals market
is driven by notable exogenous factors, we examine the causal effect of EMV_ID on
the volatility transmissions within the markets by utilizing the Balcilar et al. (2018)
non-parametric causality-in-quantiles approach which is efficient in testing the non-
linear causality of the kth order across all quantiles of the whole distribution of com-
modity returns and is sturdy to the occurrence of misspecification errors, structural
breaks, and outliers, mostly common to financial time series. Unlike the majority of
research in the literature that relate, uncertainties due to infectious disease outbreaks,
stocks and precious metals in separate settings, this study explores how uncertainties
due to infectious disease outbreaks affects the interaction between the South-East
Asia travel & tourism stocks and precious metals market. Since it is common practice
in the literature (see, e.g., Adekoya et al., 2020; Fasanya et al., 2021a), we validate our
choice by utilizing the Brock et al. (1996) BDS test for non-linearity. Our findings
support the use of the nonlinear causality-in-quantiles technique.

The rest of the paper is structured as follows. Following this background, a brief lit-
erature review of the effect of COVID 19 on tourism stocks and metals markets in
Section 2. We provide a description of the methodology to characterise the behaviour
of our preliminary texts in Section 3. Section 4 presents the interconnection analyses
between uncertainty due to infectious diseases and the dynamic spillovers between the
travel and tourism industry and the precious metals market, while Section 5 concludes.
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2. Brief review of the effects of COVID-19 pandemic on tourism stocks
and precious metals markets

There are plethora of studies that have examined the role of health uncertainty on
stocks and metals in recent times especially with the 2020 COVID-19 global pan-
demic which triggered acute declines in stock and metals prices, mainly due to a col-
lapse in metals demand and unexpected shock to the financial market. Sikiru and
Salisu (2021) empirically assess the returns and volatility spillover interactions
between gold and US travel and tourism equities, as well as the former’s hedging effi-
cacy against the latter. The VARMA-CCC-GARCH model and its asymmetric vari-
ation were used in the study to assess spillover analysis, as well as own and cross-
market shock and volatility spillover effects. Their findings show that there are strong
bidirectional return spillovers between gold asset returns and travel and tourism stock
returns. The calculated optimal weight and hedge ratios suggest that gold’s hedging
performance against risks related with travel and tourism equities is particularly vis-
ible during the COVID period. Fasanya et al. (2022) analyze the influence of uncer-
tainty due to infectious diseases in forecasting twenty international airline stocks
using a nonparametric causality-in-quantiles approach and find that airline stock pre-
diction is strongest around the lower quantiles, with little evidence in the middle and
higher quantiles. �Skare et al. (2021) evaluate the COVID-19 pandemic’s implications
and address the pandemic’s long-term detrimental impact on the travel and leisure
industry. Cresp�ı-Cladera et al. (2021) evaluated the financial distress of Spanish and
Portuguese service companies during the COVID-19 pandemic using accounting
data. According to the survey, financial distress primarily harms small businesses.
Likewise, Kaczmarek et al. (2021) demonstrate that global travel and leisure compa-
nies with low valuations, limited leverage, and substantial investments were less vul-
nerable to the pandemic-induced slump. Further, a recent study by Zargar and
Kumar (2021) confirmed the spillover of shocks related to investor mood, fear, senti-
ment, and policy uncertainty to the tourism sector in the United States during the
COVID-19 era. However, Shahzad et al. (2021) found that the results reveal that with
the onset of the COVID-19 pandemic, bad contagion among tourism companies con-
siderably increased in the United States, and spillover across firms is still significant.

During a crisis, precious metals are said to serve as a safe haven (Baur & Lucey,
2010; Fasanya et al., 2021c). Recent studies, such as Conlon & McGee, 2020, Ji et al.,
2020, and Umar & Gubareva, 2021 have attempted to examine whether gold has this
safe-haven property in comparison to other asset classes during the COVID-19 pan-
demic and provide supporting evidence, whereas other studies, such as Kumar
(2020), find this property to be compromised. Umar et al. (2021) examine the rela-
tionship between the COVID-19 triggered global panic index (GPI) and precious
metals return and volatility using the TVP-VAR technique. They discovered a positive
relationship between the GPI and precious metals, with the GPI acting as a shock
transmitter and precious metals, particularly gold, acting as net receivers. While silver
has the highest shock resistance, platinum and palladium have a time-varying trans-
mission pattern. With the exception of silver, their findings dispute precious metals’
safe-haven status during the COVID-19 pandemic. On the same note, Bouri et al.
(2021) using the TVP-VAR connectedness technique, we can see an increase in the
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connection between five assets during the pandemic: gold, crude oil, equities, curren-
cies, and bonds. On the contrary, using the Diebold and Yilmaz (2014) connectedness
measure, Bahloul and Khemakhem (2021) analyze the dynamic connectedness
between commodity returns and volatilities and Islamic developed and developing
market indexes. They find significant spillover transmission, particularly during the
COVID-19 pandemic. Furthermore, numerous publications concentrate specifically
on metals. For example, Farid et al. (2021) examined intraday volatility transmission
across precious metals, energy, and stocks and discovered that gold is the second
most important volatility transmitter to other markets after US equities. Umar and
Gubareva (2021) investigate the dynamic return and volatility vulnerability of some
major industrial (Aluminium, Copper, Lead, Nickel, Tin, and Zinc) and precious met-
als (Gold, Palladium, Platinum, and Silver) metals to risk, demand, and supply crude
oil shocks. They report that total return and volatility connectedness change with
time, and that the net directional volatility connectedness increases significantly dur-
ing the COVID-19 pandemic.

Prior research proposes that we evaluate the relationship between travel and tour-
ism stocks and precious metals under uncertainty due to infectious diseases consider-
ing pre-COVID and during COVID-19 periods. The present study is anticipated to
provide light on the linkages between popular financial investments before as well as
during pandemic phase. As a result of the pandemic, there may be inexplicable eco-
nomic relationships between tourism stocks and precious metals, we shall analyse the
effect of pandemic uncertainty on the connection between the stock and precious
metals markets. Specifically, we shall examine the dynamic spillovers between travel
and tourism stocks and precious metals to characterize the degree of connectedness
and subsequently relate to uncertainty due to infectious diseases under a non-para-
metric framework. To this end, our paper is intended to provide further perspectives
on the linkages between financial markets and metal markets under various COVID-
19 pandemic scenarios.

3. Methodology

In this section, we partition the empirical strategy of our paper into two stages. In
the first part, we use the time varying parameter VAR (TVP-VAR) technique to
model the connection between travel & tourism stocks and precious metals markets.
The next phase of our empirical strategy considers the linear and non-linear causal
relationship between uncertainty due pandemic and the estimated connectedness
dynamics in stage one.

3.1. Time varying parameter VAR (TVP-VAR)

Extending the dynamic spillovers approach of Diebold and Yilmaz (2009, 2012), we
follow the TVP-VAR connectedness framework of Antonakakis and Gabauer (2017)
specified through a Kalman filter process as:

yt ¼ Vtrt�1 þ xtxtjqt�1 � N 0,rtð Þ (1)
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vec Vtð Þ ¼ vec Vt�1ð Þ þ ststjqt�1 � N 0, etð Þ (2)

with

rt�1 ¼
yt�1
yt�2
..
.

yt�q

0
BBB@

1
CCCA and Vt ¼

V1t
V2t

..

.

Vqt

0
BBB@

1
CCCA

where, yt and rt�1 are m� 1, and mq� 1 vectors, respectively, qt�1 shows all the
available sets of information until t� 1, Vt and Vit are m�mq and m�m dimen-
sional matrices, respectively. Also, the error term xt is an m� 1 vector while st is an
mq� 1 dimensional vector. In the model set-up, rt and et are m�m and m2q�
m2q dimensional matrices which depict the time varying variance-covariance matri-
ces. The vectorization of Vt however is characterized by vec Vtð Þ is an m2q� 1
dimensional vector.

In evaluating the dynamic spillovers using this framework, it is crucial to estimate
both the generalized impulse response functions (GIRF) and generalized forecast
error variance decompositions (GFEVD). In doing this, we use the Wold theorem as
specified in Eq. (3) to transform the TVP-VAR to its vector moving average (VMA)
representation.

yt ¼ T0 Mt rt�2 þ pt�1ð Þ þ ptð Þ (3)

¼ T0 MtðM rt�3 þ pt�2ð Þ þ pt�1Þpt
� �

(4)

..

.
(5)

¼ T0 Mk�1
t rt�k�1 þ

Xk
j¼0

Mj
tpt�j

0
@

1
A (6)

with

Mt ¼ Vt

Imðq�1Þ 0mðq�1Þ�m

� �
pt ¼

xt
0
..
.

0

0
BBB@

1
CCCA ¼ Txt T ¼

I
0
..
.

0

0
BB@

1
CCA

where Mt , pt and T are mq�mq, mq� 1 and mq�m dimensional matrices.
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As Eq. (6) approaches 1, we consider its limit form as defined as;

yt ¼ limk!1T0 Mk�1
t rt�k�1 þ

Xk
j¼0

Mj
tpt�j

0
@

1
A ¼ X1

j¼0
T0Mj

tpt�j (7)

yt ¼
X1
j¼0

T0Mj
tTxt�jAjt ¼ T0Mj

tT, j ¼ 0, 1, . . . (8)

yt ¼
X1
j¼0

Ajtxt�j (9)

where Ajt represents a m�m matrix.
Any shock in variable i characterized by responses of all variables j is defined by

the GIRFs ð#ij, t Hð ÞÞ: In the event of a structural model, the H-step-ahead forecast
is estimated in two different scenarios of shock and no-shock to variable I, but the
difference in these two cases can be taken to be shock in variable i, which is com-
puted by

GIRFt H, aj, t , bt�1
� � ¼ E ytþHjdj ¼ aj, t, bt�1

� �� E ytþTjbt�1
� �

(10)

#ij, t Hð Þ ¼
AH:t

P
tdjffiffiffiffiffiffiffiffiffiffiP
jj, t

q aj, tffiffiffiffiffiffiffiffiffiffiP
jj, t

q aj, t ¼
ffiffiffiffiffiffiffiffiffiffiffiffiX

jj, t

r
(11)

dij, t Hð Þ ¼
X�1

2

jj, t
AH, t

X
t
bj, (12)

where bj is an m� 1 selection vector with unity in the jth position, and zero other-
wise. Also, the pairwise directional spillovers from j to i are computed through the
GFEVDð~qij, t Hð ÞÞ by normalizing the variance shares and adding them to one. The
GFEVD is calculated as follows:

~qij, t Hð Þ ¼
PH�1

t¼1 a2ij, tPm
j¼1

PH�1
t¼1 a2ij, t

(13)

withPn
j¼1 ~qij, t Hð Þ ¼ 1 and

Pn
i, j¼1 ~qij, t Hð Þ ¼ m

In Eq. (13), the numerator is the cumulative effect of a shock in variable i, while
the denominator is the cumulative effect of all the shocks. Thereafter, we deduce the
total connectedness index through the use of the GFEVD.

Ct Hð Þ ¼
Pm

i, j¼1, i 6¼j ~qij, t Hð ÞPm
i, j¼1 ~qij, t Hð Þ �100 ¼

Pm
i, j¼1, i6¼j ~qij, t Hð Þ

m
�100 (14)
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The effect of a shock in any of the variable to the other variables is explained by
Eq. (14) and this entails other parts of the model in characterizing the direction of
connection across the variables. This direction is of three form, which include, total
directional connectedness to others; total directional connectedness from others; and
net total directional connectedness. These directions are key in explaining the
dynamic of the spillovers across the variables in the framework and they are defined
by Eqs. (15)–(17) below.

Directional connectedness to others:

Ci!j, t Hð Þ ¼
Pm

i, j¼1, i6¼j ~qji, t Hð ÞPm
i, j¼1 ~qji, t Hð Þ �100 (15)

Directional connectedness from others:

Ci j, t Hð Þ ¼
P m

i, j¼1, i6¼j ~qij, t Hð ÞPm
i, j¼1 ~qij, t Hð Þ �100 (16)

Net total directional connectedness – we subtract Eq. (15) from (16):

Ci, t ¼ Ci!j, t Hð Þ � Ci j, t Hð Þ (17)

From Eq. (17), a positive Ci, t means that variable i influences the network more
than itself being influenced while a negative Ti, t means that variable i is driven by the
network.

The last part of the connectedness framework is to further enunciate the pattern of
the net total directional connectedness by calculating to the net pairwise directional
connectedness as defined below:

NPDCij Hð Þ ¼ ~qjit Hð Þ � ~qijt Hð Þ
� �

�100 (18)

The decision of who becomes the net receiver or giver is determined by the signs
of Eq. (18). If it is positive, then, variable i dominates variable j, or otherwise.

3.2. Nonparametric causality-in-quantile test

The second phase of the paper focuses on the causal relationship between the esti-
mated spillovers in stage one and the disease-based uncertainty. We follow the
approach of Balcilar et al. (2018) which rests on the causality methods of Nishiayama
et al. (2011) and Jeong et al. (2012). To this end, the variable xt (infectious diseases
uncertainty- EMV-ID) does not cause yt (stocks-precious metals spillovers) in the
r� quantile with respect to the lag-vector of fyt�1, . . . , yt�q, xt�1, xt�qg if

Qr ytjyt�1, . . . , yt�q, xt�1, . . . , xt�q
� � ¼ Qr ytjyt�1, . . . , yt�q

� �
(19)
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while xt causes yt in the rth quantile with respect to fyt�1, . . . , yt�q, xt�1, xt�qg if

Qr ytjyt�1, . . . , yt�q, xt�1, xt�q
� � 6¼ Qr ytjyt�1, . . . , yt�q

� �
(20)

Therefore, Qr ytj�
� � ¼ rth quantile of yt depending on t and 0 < r < 1: We

denote Vt�1 � ðyt�1, . . . , yt�qÞ, Ut�1 � xt�1, . . . , xt�qð Þ, and Wt ¼ ðUt ,VtÞ; and
Fyt jWt�1ðytjWt�1Þ and Fyt jVt�1ðytjVt�1Þ represents the conditional distribution of yt
given Wt�1 and Vt�1 respectively. Also, Fyt jVt�1ðytjVt�1Þ is assumed to be absolutely
continuous in yt for almost all Wt�1: If we proceed by denoting QrðWt�1Þ �
Qr ytjWt�1

� �
and QrðVt�1Þ � Qr ytjVt�1

� �
, then we have Fyt jWt�1 Qr ytjWt�1

� �	 
 ¼ r
with a probability of one. Following the causal representations of (19) and (20), the
hypotheses statements are;

H0 ¼ P Fyt jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
¼ 1, (21)

H1 ¼ P Fyt jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
< 1, (22)

Within the framework of Jeong et al. (2012), the distance measure J ¼
stEðstjWt�1ÞfWðWt�1Þ

	 

, where st and fzðWt�1) are the regression error and mar-

ginal density function of Zt�1, respectively. The regression error emanates through its
basis in the null hypothesis as specified in Eq. (21), which can only be true if and
only if E½1 yt � Qr Vt�1ð ÞjWt�1Þ

	 
 ¼ r or, equivalently, 1 yt � Qr Vt�1ð Þ	 
 ¼ rþ st,
where 1f�g is the indicator function. Thus, Jeong et al. (2012) specifies the distance
measure, G 	 0, as follows:

G ¼ E Fyt jWt�1 Qr ytjWt�1
� �	 
� r

n o2
fW Wt�1ð Þ

� �
(23)

It is crucial to note that the null hypothesis stated in (21) can only be true if and
only if G ¼ 0, while we will have G > 0 under the alternative hypothesis in Eq. (22).
Also, Jeong et al. (2012) introduces a feasible kernel-based test statistic for J which
has the following form:

ĜT ¼ 1

T T � 1ð Þs2q
XT

t¼qþ1
XT

r¼qþ1, r 6¼t K
Wt�1 � Zs�1

s

� �
ŝt ŝs , (24)

where Kð�Þ denotes the kernel function with bandwidths. T, q, ŝt is the sample size,
lag-order and estimate of the regression error, respectively. The estimate of the
regression error is computed as thus:

ŝt ¼ 1 yt � Q̂r Yt�1ð Þ
	 


� r (25)

Also, we further use the nonparametric kernel method to estimate the rth condi-
tional quantile of yt given Vt�1 as Q̂r Vt�1ð Þ ¼ F̂

�1
yt jVt�1 rjVt�1ð Þ, where the Nadarya-

Watson Kernel estimator is specified as follows
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F̂yt jVt�1 ytjVt�1
� � ¼

PT
r¼qþ1, r 6¼t N

Vt�1�Vr�1
s

� �
1 yr � ytð Þ

PT
r¼qþ1, r 6¼t N

Vt�1�Vr�1
s

� � (26)

where N �ð Þ is the kernel function and s is the bandwidth.
To illustrate the causality in higher order moment, we adopt the approach of

Balcilar et al. (2018) and then assume

yt ¼ h Vt�1ð Þ þ # Ut�1ð Þst , (27)

where st is the white noise process and hð�Þ and #ð�Þ equals the unknow functions
that satisfy pertinent conditions for stationarity. Although, this specification allows
not granger-type causality testing from Ut�1 to yt , however, it could detect the
“predictive power” from Ut�1 to y2t when #ð�Þ is a general nonlinear function. Thus,
we re-formulate Eq. (27) to account for the null and alternative hypotheses for causal-
ity in variance in Eqs. (28) and (29), respectively.

H0 ¼ P Fy2t jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
¼ 1, (28)

H1 ¼ P Fy2t jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
< 1, (29)

We obtain the feasible test statistic for the testing of the null hypothesis in Eq.
(28), and then replace yt in Eqs. (24)–(26) with y2t (that is, volatility). With the inclu-
sion of Jeong et al. (2012) approach, we overcome the issue that causality in mean
implies causality in variance. Specifically, we interpret the causality in higher-order
moments through the use of the following model:

yt ¼ h Ut�1,Vt�1ð Þ þ st, (29)

Thus, we specify the higher order quantile causality as

H0 ¼ P Fykt jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
¼ 1, for k ¼ 1, 2, . . . , k, (30)

H1 ¼ P Fykt jWt�1 Qr ytjWt�1
� �	 
 ¼ r

n o
< 1, for k ¼ 1, 2, . . . , k: (31)

Overall, we test that xt Granger causes yt in rth quantile up to the K-th moment
through the use of Eq. (30) to construct the test statistic of Eq. (24) for each k.
Although, Nishiyama et al. (2011) note that it is not easy to combine different statis-
tics for each k ¼ 1, 2, . . . , k into one statistic for the joint null in Eq. (30) which is
mutually correlated. However, to circumvent this issue, we adopt a sequential-testing
method as described by Nishiyama et al. (2011) with some modifications. To begin
with, we test for the nonparametric granger causality in mean (k¼ 1). Failure to
reject the null of k¼ 1 does not translate into non causality in variance, thus, we
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construct the tests for k¼ 2. Finally, we test for the existence of causality-in-mean
and variance successively. We determine the lag order using SIC. The bandwidth is
selected through the use of least squares cross-validation method. For Kð�Þ and Lð�Þ,
we utilize the Gaussian kernels.

4. Discussion of results

4.1. Data and preliminary analyses

This study examines the potential of regularly traded precious metals such as palla-
dium, platinum, gold, and silver to provide appropriate hedges and act as possible
assets for investment portfolio diversification in the face of market risks. arising from
infectious diseases in South-east Asia. Therefore, we adopt daily data from 31 March
2015 to 5 February 2021 based on data availability and the need to have the same
start and end dates for the series. The analyses are conducted using both the full sam-
ple and the sample covering the COVID-19 pandemic period. Data on travel and
tourism stocks and precious metals are sourced from the Thomson Reuters
DataStream, and the Infectious Disease Equity Market Volatility (EMV-ID), which is
a proxy for uncertainties due to pandemics and epidemics, was developed by Baker
et al. (2020) and are available for download from http://www.policyuncertainty.com.
The returns of the series (rt) are computed as the first difference of the natural loga-
rithm of the level series (Pt); this is expressed in the equation:

rt ¼ ðD log ðptÞÞ � 100

where (rt) represents the calculated returns of South-east Asian travel & tourism
stocks and precious metals under study. (Pt) represents their respective price levels.

We provide preliminary results showing the statistical features of the underlying
series, as is typical procedure in empirical literature. Table 1 summarizes the descrip-
tive statistics based on the return series of the underlying variables. Mean, maximum,
minimum, standard deviation, Jarque-Berra, kurtosis, and skewness statistics comprise
the statistics evaluated (see Table 1). The mean of the summary statistics indicates
positive average values across board except for travel & tourism stock returns and
platinum which record negative average values which are likely attributable to the
adverse effect of the COVID-19 pandemic. Furthermore, the standard deviation,

Table 1. Summary statistics.
Tourism Palladium Platinum Gold Silver EMV_ID

Mean �0.0197 0.0763 �0.0005 0.0274 0.0313 3.9793
Median 0 0 0 0 0 0.33
Maximum 11.4664 16.9615 9.3411 5.1334 8.4809 68.3700
Minimum �10.9793 �15.6769 �14.4184 �5.2646 �13.5273 0
Std. Dev. 1.2169 2.0156 1.5252 0.8838 1.5632 9.3655
Skewness �0.4646 �0.6314 �0.6473 �0.0861 �0.6831 3.0833
Kurtosis 17.6793 14.7174 11.5613 7.4545 10.6915 13.6318
JB stat. 13774 8842.715 4773.184 1265.189 3885.279 9611.284
Prob. 0 0 0 0 0 0
Obs. 1528 1528 1528 1528 1527 1528

Source: Compiled by the authors.
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which is a measure of some level of volatility in time series, shows evidence of high
volatilities across the series considered with EMV_ID and gold exhibiting the highest
and lowest volatilities (9.3655 and 0.8838 respectively). Unsurprisingly, for the
Jarque-Bera test, we reject the null hypothesis of normal distribution for all the series
following the reports of the skewness and kurtosis statistics. Kurtosis estimates exceed
the standard threshold while the skewness values are negative for all the returns ser-
ies. This shows there are extreme fluctuations in these financial and commodity mar-
kets. Sikiru and Salisu (2021) also find similar evidences in a slightly related study.

Results from the brief descriptive analysis have the following implications. First,
the non-normality of the series shows a relative indication of a heavy right or left tail
and excess kurtosis, signifying the existence of nonlinearity and/or structural shifts
along the series’ time paths, implying that employing linear or constant parameter
models would provide misleading findings. This validates the use of a quantile-based
causality test. Second, due to the presence of heavy tails and significant levels of vola-
tility, the relationship must be examined in both the conditional-mean and condi-
tional-variance models (see Fasanya et al., 2021a).

It is usual practice in the literature to test the series for non-stationarity as a
requirement for dealing with time series data with large T. As a result, we subject
each series in our model to unit root testing. We employ the Augmented Dickey-
Fuller (ADF) and Philips-Perron (PP) tests. The stationarity test findings in Table 2
show that all variables are integrated of order I(0) at the 5% significance level.

4.2. Spillover results

With the objective of examining the volatility interactions between both markets in
view, first, we examine the dynamic volatility spillover among the markets. Table 3
presents the averaged connectedness measures. The results indicate increased market
connectedness, since the TCI value of 46.9% implies that on average, 46.9% of the
forecast error variation in one asset may be traced to innovations in all others.
Second, we calculate the net directional spillover by subtracting a country’s overall
contributions FROM others from its total contributions TO others. Positive (negative)
values imply that the asset under consideration is a net shock giver (receiver). Our
findings indicate a significant spillover effect across markets, with all of them consid-
erably contributing and receiving.

Table 2. Unit root test results.

Series

ADF PP

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

Tourism �15.2473c��� ¼¼ I(0) �40.9320c��� ¼¼ I(0)
Palladium �35.2450c��� ¼¼ I(0) �35.1574c��� ¼¼ I(0)
Platinum �24.6938c��� ¼¼ I(0) �37.9727c��� ¼¼ I(0)
Gold �39.8648c��� ¼¼ I(0) �39.9170c��� ¼¼ I(0)
Silver �24.2300c��� ¼¼ I(0) �36.7178c��� ¼¼ I(0)
EMV_ID �3.4410c�� ¼¼ I(0) �13.0767c��� ¼¼ I(0)

Note: ADF represents Augmented Dickey-Fuller unit root test while PP represents Phillips-Perron unit root test. c indi-
cates a 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: authors computation.
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Silver and Platinum, on average, are the largest net shock givers, with values of
9.8% and 7.2%, respectively, whereas Palladium (�12.1%), Gold (�3%), and Tourism
(�1.9%) are the highest net shock receivers, suggesting that they receive more than
they transmit. The net spillover results in Table 3 match the net spillover graphs in
Figure 1. These results are in line with predictions, and they back up the descriptive
results in Table 1, which demonstrate that Palladium and Gold have positive returns.
However, in terms of diversification options, results show that silver and platinum
are the most effective portfolio diversification tools among precious metals for invest-
ors in Southeast Asian Travel and Tourism stocks, with the lowest vulnerability to
idiosyncratic shocks (7.7% and 7.8%, respectively). As a result, investors in Southeast
Asian Travel & Tourism companies may employ silver and platinum to achieve their
desired returns while assuming low risk. The study’s findings are comparable to those
of Lucey and Li (2015) and Sikiru and Salisu (2021).

Table 3. Dynamic connectedness results.
TO Tourism Palladium Platinum Gold Silver FROM

Tourism 61.5 10.2 11.8 6.8 9.7 38.5
Palladium 10.8 51.5 16.9 9.6 11.2 48.5
Platinum 10.4 12 49.5 11.7 16.4 50.5
Gold 7.8 6.4 12.9 51.7 21.2 48.3
Silver 7.7 7.7 16.1 17.2 51.3 48.7
Contribution TO others 36.6 36.4 57.7 45.3 58.5 234.5
NET directional connectedness �1.9 �12.1 7.2 �3 9.8 TCI 5 46.9

Source: Compiled by the authors.

Figure 1. Net total directional connectedness.
Source: authors computation.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 13



When these spillover transmissions are linked to uncertainties caused by pandem-
ics and epidemics, it is clear that the global financial and commodities markets have
been empirically demonstrated to be severely influenced by SARS, EBOLA, and
COVID-19 pandemics due to increasing financialisation (see Chen et al., 2009;
Fasanya et al., 2021b; Ji et al., 2020; Salisu et al., 2020). Particularly, the COVID-19
pandemic has led to global economic slowdown, and has had a significant adverse
impact on the travel and tourism industry, resulting in a 70% revenue loss (Salisu &
Vo, 2020; Statista, 2020). Thus, the connectedness across the markets may be driven
uncertainties due to pandemics and epidemics. This implies that uncertainties due to
pandemics and epidemics may induce volatility shocks to the other markets. The like-
lihood of uncertainties caused by pandemics and epidemics affecting volatility spill-
overs between financial and commodities markets is therefore the major focus of this
study, which is covered in the next section

4.3. Causality results

Having observed strong volatility transmissions across financial and commodity mar-
kets, we examine the role of uncertainties due to pandemics and epidemics on the
connectedness between these markets. We achieve this by investigating the causal
effect of uncertainties due to pandemics and epidemics (EMV_ID) on the total spill-
over and net spillover for each asset from a linear perspective. Our findings (see
Table 4, Panel A) show that EMV ID has a significant influence in the vast majority
of cases at the 10% level of significance. This is most likely due to the existence of
nonlinearity in the series.

Furthermore, to confirm our suspicion, we determine the presence of nonlinearity
in the series, by adopting the BDS test proposed by Brock et al. (1996). The findings
(see Table 4, Panel B) reveal significant evidence of a nonlinear connection between

Table 4. Causality results.
Panel A: Linear causality test results

EMV_ID does not granger cause: F-stats Prob.
Total Spillovers 2.0042 0.1351
Net Tourism 10.1998��� 0
Net Palladium 1.1058 0.3312
Net Platinum 1.8167 0.1629
Net Gold 0.2965 0.7434
Net Silver 3.3844�� 0.0342

Panel B: BDS Test Result

EMV_ID is the causal variable 2 3 4 5 6
Total Spillovers 0.1241��� 0.2266��� 0.2979��� 0.3445��� 0.3712���
Net Tourism 0.1187��� 0.2189��� 0.2876��� 0.3318��� 0.3565���
Net Palladium 0.1247��� 0.2281��� 0.3004��� 0.3480��� 0.3752���
Net Platinum 0.1240��� 0.2269��� 0.2986��� 0.3457��� 0.3726���
Net Gold 0.1237��� 0.2260��� 0.2971��� 0.3435��� 0.3701���
Net Silver 0.1245��� 0.2276��� 0.2992��� 0.3460��� 0.3730���
Note Panel A: This table reports the causality test results for the linear Granger-causality test. The symbols ���, ��, �
represent a rejection of the underlying null hypothesis that EMV_ID does not Granger-cause each of the variables
considered at the 1%, 5%, and 10% levels of significance, respectively.
Note Panel B: Values in the cell represent the BDS test statistic. The symbols ���, ��, � represent the rejection of
the underlying null hypothesis of linearity at the 1%, 5%, and 10% levels of significance, respectively.
Source: authors computation.
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EMV ID and total and net spillovers for each asset, with the null hypothesis of serial
dependency rejected at the highest significance levels. As a result, relying on the lin-
ear Granger-causality test may result in erroneous inferences due to misspecification
errors.

Given the substantial evidence of nonlinearity, we resort to the quantiles-based
causality tests due to its inherent ability to accommodate nonlinearity. Figures 2
and 3 present the results of the causality-in-quantiles test for conditional-mean and
variance, respectively. We show findings for both the full sample and the COVID-19
phase. Across the board, we find substantial evidence to reject the null hypothesis of
no Granger-causality for both the full sample and the COVID-19 periods. This con-
tradicts the results of the linear granger causality test even though the effect of uncer-
tainties due to pandemics and epidemics on the connectedness between the markets
seems more pronounced for the COVID-19 pandemic period when considering the
causality-in-conditional mean. Furthermore, for the lower and middle quantiles, the
causal evidence is mostly significant. However, the causality becomes weak at the
extreme quantiles, suggesting that the effect of uncertainties due to pandemics and
epidemics on the connectedness between the markets is sensitive to the degree of the
performance of both markets. When the markets are performing at their peak, uncer-
tainties due to pandemics and epidemics seems to be weak in affecting their interac-
tions. This finding also supports the empirical findings of prior research, which show
that the travel and tourism business is highly vulnerable to a variety of event-related
risk, such as the Asian crisis, the 9/11 attacks in the U.S., and the 2008 global finan-
cial crisis. and some other geopolitical risks and pandemic/epidemic based crisis (see
also Fasanya et al., 2021a; Kim et al., 2013; Lee & Jang, 2011; Li et al., 2020;
Paraskevas & Quek, 2019; Park et al., 2017; Shrydeh et al., 2019; Sikiru & Salisu,
2021).

Some implications could be drawn from our research. First, there is significant
connection between Southeast Asia Travel & Tourism stocks and the precious metals
market. Second, in terms of diversification options, findings suggest that silver and

Figure 2. Results of causality in conditional-mean. Note: The above figures are graphical representa-
tions of the Causality-in-quantiles in conditional mean. CV represents critical value at the 10% level.
Source: authors computation.
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platinum are the most effective portfolio diversification tools among precious metals
for investors in Southeast Asian Travel and Tourism stocks as they show the least
vulnerability to idiosyncratic shocks from the travel and tourism stocks. Third, the
connectedness between both markets are primarily influenced by uncertainties due to
pandemics and epidemics, although the causal effect appears to be stronger around
the lower and middle quantiles in most circumstances. Fourth, the consideration of
nonlinearity is crucial when examining the role of uncertainties due to pandemics
and epidemics in affecting the interactions between both markets.

5. Conclusion and implications for policy

We examine volatility transmissions between Southeast Asia Travel & Tourism Stocks
and precious metals market and investigate the causal effect of uncertainties due to
pandemics and epidemics (EMV_ID) on this relationship. We discover considerable
market connectivity, and our findings strongly suggest a nonlinear causative link
between uncertainties due to pandemics and epidemics and the connectedness
between both markets predominantly at lower and median quantiles. This under-
scores the disturbing effects of uncertainties due to pandemics and epidemics, which
important in the formulations of policies aimed at achieving stability.

To begin, we evaluate volatility spillovers between the tourism and precious metal
markets by adopting the time-varying parameter vector autoregressions (TVP-VAR)
approach proposed by Antonakakis et al. (2020) to investigate the connectedness
between the markets. We utilize daily data on South-East Asia tourism market and
four precious metals (gold, palladium, platinum, and silver) from 31 March 2015 to 5
February 2021. The nonparametric quantile-in-causality test is then applied to investi-
gate how EMV ID influences the relationship between both markets. The following
findings are revealed from our results: i) There is compelling evidence of a link
between the tourism and precious metals markets; ii) following moments of crisis, the

Figure 3. Results of causality in conditional-variance. Note: The above figures are graphical representa-
tions of the Causality-in-quantiles in conditional variance. CV represents critical value at the 10% level.
Source: authors computation.
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connection between the two markets intensifies, especially triggered to uncertainties
due to pandemics and epidemics. iii) non-linearity is very crucial to examine the role
of uncertainties due to pandemics and epidemics (EMV_ID) in affecting the interac-
tions between the tourism and precious metal markets iv) the causal effect of uncer-
tainties due to pandemics and epidemics on the connectedness between the two
markets is stronger during the COVID-19 pandemic period. Our results are consist-
ent with Sikiru and Salisu (2021), which indicates strong bidirectional return spill-
overs between gold asset returns and stock returns in travel and tourism. However,
the study employs a different methodological approach to test for volatility connect-
edness between both markets, and does not explore how uncertainties due to pan-
demics and epidemics affects this interaction.

The implications of these discoveries are significant for scholars, investors, and poli-
ticians. For academics, our study demonstrates that non-linearity must be integrated
into modelling frameworks in order to arrive at valid inferences when investigating
interactions between the tourism and precious metal markets, since its absence can eas-
ily generate spurious results. For investors, understanding how these markets interact
can help enhance both short and long-term portfolio strategies. Our findings reveal
that the connectedness between these markets is driven by uncertainty induced by
infectious diseases, and volatility transmission results demonstrate that tourism invest-
ors with portfolios incorporating precious metals have limited options for diversifica-
tion. Investors must closely monitor changes in the global business cycle, particularly
during precarious periods that affect global capital flow and credit activity, which may
alter business cycles and thus induce risk transmissions, and adjust their investment
portfolios accordingly to mitigate losses. Furthermore, investors must incorporate assets
with relative stability (such as silver and platinum) in their investment portfolios in
order to improve the performance of their cumulative adjusted risks.

Finally, the negative consequences of a shock to either market are likely to be pro-
tracted due to the bi-directional feedback effect, which might have long-term eco-
nomic consequences. As a result, authorities must fortify financial markets against
risk exposures, as markets serve as a barometer for measuring macroeconomic suc-
cess. As a result, negative shocks to the financial markets have an impact on the
whole economy. As part of future studies, it would be interesting to extend the diver-
sification properties of precious metals to risk associated with other financial assets
such as the equity market, cryptocurrencies, and property investment, specifically
looking into the impact of pandemic induced uncertainties.

Data availability statement

The dataset used in this study will be made available on request.
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