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a b s t r a c t

Using a two-step VAR asymmetric BEKK GARCH model, this research explores the asym-
metric return and volatility connectedness between gold and several energy markets
during three subperiods: pre-COVID, before vaccination, and after vaccination. Gold’s
returns and volatility spillover are generally found to be time- and energy-dependent.
In addition, the optimal weights, hedge ratios, and hedging effectiveness of energy
commodity and gold pairs are calculated during the three subperiods. The results
of optimal weights show that investors should increase their investment in energy
commodities more than gold (energy commodities) during the after-vaccination period
(the pre-vaccination period). Moreover, the hedging strategy would only be effective
within the COVID-19 vaccination period, which could have implications for the strategic
asset allocation of policy-makers and international investors. Finally, we examine the
potential determinants of conditional correlations between gold and energy markets.
VIX, EPU, and new confirmed cases are found to be the main predictors of correlations
for most energy commodity–gold pairs during the examined period.

© 2022 Economic Society of Australia, Queensland. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Gold and oil have been extensively studied in the literature of financial economics for their role in hedging against risk
Naeem et al., 2022a, among many others). According to Shah et al. (2021), gold and other commodity markets are less
r negatively correlated with soft and fiat currency because of their respective pricing mechanisms. Thus, it is important
or investors and policy-makers to investigate information transmission and spillovers across commodities because this
s crucial for their strategic asset allocation.

A good diversifier would be immune against such spillover effects, particularly during times of crisis when financial
arkets exhibit risk transmission across different asset classes, according to Umar et al. (2019b) and Mensi et al. (2022a),
mong many others. As a result of lower volatility and stable returns during periods of high turbulence, commodities such
s oil and metals have become integral components of investors’ portfolios. In particular, precious metals have drawn
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much attention due to their low volatility. Since the global financial crisis (GFC), commodity prices have become more
volatile (Naeem et al., 2022a,b). As with other commodity classes, industrial metals and agricultural commodities have
also experienced price volatility that has posed many challenges for producers and investors to appropriately hedge their
exposure.

There is previous evidence available on the relationship between oil and precious and industrial metals, such as Baffes
2007) and Wang and Zhang (2014). These studies examine the impact of oil prices on metal commodities by paying little
ttention to the possibility of an asymmetric effect of oil prices and/or exploring the whole metal market without further
nalysing the metals individually. Reboredo and Ugolini (2016) suggest that large upwards and downwards price changes
ed to significant spillovers from the oil market to many industrial and precious metals during the pre- and post-GFC
eriods. Dutta (2018) also confirms evidence of spillover effects from the oil market to the industrial metals market. This
tudy also provides evidence of asymmetry in the oil-industrial metal linkage. However, the spillover effects from positive
il shocks tend to be greater than those from adverse oil shocks, suggesting asymmetric spillover effects.
For gold, any hedging and safe-haven prospects that have been documented thus far are found in the studies that

onsider gold as merely part of the broad set of commodities under study (Baffes, 2007; Silvennoinen and Thorp, 2013;
ang et al., 2017). In addition, among many others, Naeem et al. (2022a) report that the GFC has affected the comovement
f commodity markets, especially those that involve oil and gold. As a result, diversification opportunities in commodity
arkets and all other financial markets were greatly reduced during the GFC.
Recently, the world faced one of the most dramatic health crises that quickly morphed into an unprecedented economic

risis not seen since the World War II (Sarkodie et al., 2022). In this regard, countries and governments have established
number of policies and measures to contain the spread of virus such as social distancing, quarantines, and lockdown.
uch measures led to the suspension of business activities worldwide (Ajmi et al., 2021; Umar et al., 2022; Mensi et al.,
022c). Consequently, the containment measures adopted by governments and the high media coverage increased the
evel of uncertainty in financial market (Sharif et al., 2020). Specifically, the volatilities of all markets are considerably
igh, excessive volatilities are especially observed during the COVID-19 pre-vaccination subperiod. Multiple studies, such
s Ajmi et al. (2021), Ali et al. (2022), Babar et al. (2022), Naeem et al. (2022b), Umar et al. (2021d) and Yousfi et al. (2021),
ave confirmed that volatility across markets intensified during the first quarter of 2020. Furthermore, as markets move
nto the COVID-19 vaccination period, the intensity of excessive volatility significantly decreases. Therefore, this research
ay assume that the hedging position for gold would be relevant, mainly in the COVID-19 pre-vaccination subperiod.
Numerous studies in the literature investigated the volatility transmission between gold and energy markets during

he COVID-19 outbreak using a multivariate vector autoregression (VAR)-BEKK-GARCH model. Nevertheless, to the best
f our knowledge a lack of insight is found regarding the asymmetric interconnectedness among gold and energy markets
uring COVID-19 crisis and especially before and after the vaccination period. In this regard, this study aims to fill this
oid in the literature by comparing the asymmetric interconnectedness between gold and energy markets (oil, diesel fuel,
asoline, heating oil, kerosene, and natural gas) during three sub-periods (i.e., pre-COVID-19, pre-vaccination and after
accination periods), using VAR asymmetric BEKK GARCH model. Moreover, we explore the factors contributing to explain
he connection between gold and energy, including VIX, EPU and new confirmed cases, among others.

Based on the discussion above, this study contributes to the existing literature in different ways. Firstly, this study
s motivated by the dearth of studies on the links between gold and different energy markets such as gasoline, natural
as, kerosene etc. Precisely, we contribute new fresh evidence to the growing literature on the connectedness between
old and energy markets (oil, diesel fuel, gasoline, heating oil, kerosene, and natural gas) during different fresh sub-
eriods: pre-COVID-19, pre-vaccination and after vaccination periods. Secondly, this study is the first that analyse and
ompare the asymmetric volatility spillovers for energy commodity–gold pairs during the COVID-19 outbreak using a
AR asymmetric BEKK GARCH model. Using the output of this method, we can then determine the optimal portfolio
eights and hedge ratios. A comparison of optimal portfolios is then carried out by computing hedging effectiveness
HE). Thirdly, this research goes further and investigating the determinants of the connection between gold and energy
arkets such as VIX, EPU and new confirmed cases during the three sub-periods considered in the current study.
Findings show that gold shows a time- and energy market-dependent return and volatility spillover. In addition,

ased on our results, the hedging strategy would be effective only within the COVID-19 vaccination subperiod, which
as beneficial implications for policy-makers and international investors.
The remainder of this paper is structured as follows. Section 2 presents the literature review. Section 3 introduces the

ethodology. Section 4 shows the dataset and the preliminary analysis. Section 5 discusses the empirical results. Finally,
ection 6 concludes the study.

. Literature review

In many countries around the world, gold has historically been used as a hedge and a safe haven as a store of value
nd medium of exchange (Umar et al., 2021a). The diversification of commodity portfolios is also documented by studies
hat show gold and oil exhibit these characteristics against commodity markets. However, while there are studies relating
old to the remaining precious metals and other commodity markets (e.g., Narayan and Liu, 2011; Narayan et al., 2013;
arpantier, 2021), very few studies have looked at gold’s potential as a hedge/safe haven in energy markets.
Recent studies in the literature shed light on the interdependence between energy and non-energy commodities. An

ncrease in energy and non-energy volatility prices affect drastically portfolio formation and economic indicators (Tiwari
618
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et al., 2018; Khalfaoui et al., 2021). The presence of financial integration between energy and non-energy markets through
different channels such as economic growth, inflation, production, and transportation costs, herding behaviour, political
uncertainty and speculative behaviour, could explain this co-movement (El Arouri and Khuong Nguyen, 2010; Smyth and
Narayan, 2018; Salisu et al., 2018; Sarwar et al., 2019; Youssef and Mokni, 2019). Specifically, (i) agricultural and industrial
sectors depend strongly on electricity and fuel. Therefore, any variation in energy prices affects promptly these sectors in
which the cost of production fluctuates. Thus, the rising in the cost production led to the fluctuation in agriculture and
energy prices that further transmits to grains, food, and raw materials commodities (Tiwari et al., 2020). (ii) A surge in
energy prices lead to an increase in oil, fertilizer, meals prices and transportation costs, which might influence promptly
some economic sector such as grain, food, raw materials, and beverages sectors. (iii) As for the channel transmission
between energy and precious metals (e.g., Gold), which interesting us the most in this study: A rises in energy prices
have a direct impact on transportation costs, which badly hurts metals and minerals industries.

The relationship between two asset prices varies significantly across market conditions. For instance, oil exhibit
enerally a slightly positive relationship with gold and could shifts to negative during market downturns. This situation
ccurred for instance, during COVID-19 outbreak: Due to the measures adopted by governments to contain the spread of
irus (e.g., suspension of business activities, lockdowns, and quarantines) led to a sharp decrease of oil demand and price,
hile the gold price follows an upward trend. As for the relationship between gold and non-energy commodities, the
xisting studies in the literature reveal that non-energy commodities and especially agriculture is positively correlated
ith gold, albeit less strongly compared to the relationship between gold and oil. It is important to mention that
he dependency between non-energy and energy commodities’ prices have become increasingly correlated since the
inancialization of the commodity market in early 2000s. This pattern is more pronounced especially for commodities
ndexed in the S&P GSI and the BCOM indices. Irwin and Sanders (2012) argue that financialization influenced information
iscovery functions and the risk transformation in the commodity markets.
The majority of studies in the literature neglected the relationship between gold and energy markets (e.g., natural gas,

erosene, heating oil, propane, etc.) and paid more attention regarding the linkage gold and oil markets. For instance,
hen and Xu (2018) show through a GAS model the existence of volatility persistence and nonlinear interaction effects
etween the crude oil and gold markets. They also found that the dependent structure between Brent and gold prices is
ore complex than those of WTI and gold. Recently, Mensi et al. (2021b) document that gasoline, natural gas, and gas
il increase the co-movements between oil and precious metals including gold. Kumar (2017) investigates the relation
etween gold and oil in the Indian context using nonlinear Granger causality tests and nonlinear ARDL tests.
Results of nonlinear causality test reveal the presence of bidirectional nonlinear relation between oil and gold prices.

egarding the nonlinear ARDL model, results show that positive shock in oil prices exert more pronounced effect than
egative shocks on gold prices. In the long-run, the relation between oil and gold prices is stickier towards upper side,
mplying that gold price is more sensitive to increasing oil prices. Ftiti et al. (2016) utilize the wavelet approach to
nvestigate the time and frequency linkage between oil and gold prices movements. Results report that oil and gold
xhibit high co-movement especially during periods of market turmoil. They also found that oil shocks demand drives
he fluctuation in the gold market for a short time. Nevertheless, it appears that the causality direction is reversed in
or a medium time frame. Umar et al. (2021b), explore the dynamic connectedness between crude oil precious metals
ncluding gold between January 2, 2009, and July 17, 2020. Results reveal that gold emerge as net transmitters during
ertain stretches of the sample period. Umar et al. (2021c) analyse the connectedness of nine commodity classes from
780 to 2020. The authors found that precious metals, grains, and soft foods are the main transmitter of spillover. They
lso found that the connectedness across commodity classes increases during political uncertainty, economic crises, and
ommodity-driven supply shocks.
As mentioned earlier, previous studies in the literature proved with a strong consensus that during periods of fear

nd global uncertainty, market participants tend to shift from traditional assets to precious metals which act as hedger
r safe haven. Gold is usually shown as one of the most relevant stores of wealth and tend to be resilient during market
ownturns (Umar et al., 2019a; Shahzad et al., 2020; Yousaf, 2021c; Naeem et al., 2022a). It provided undisputable
iversification benefits in investment portfolios especially in times of crashes, leading to an overall acceptance about
ts significant role among international investors and portfolio managers (Chemkha et al., 2021; Esparcia et al., 2022).
pecifically, the negative correlation between Gold and traditional assets including stocks and commodities (e.g., Energy
nd agricultural) allow investors to reduce their risk exposure. Specifically, the potential losses coming by investing in
quities and commodities is often offset by gains in the precious metals (Driessen and Laeven, 2007; Ali et al., 2020).
umerous studies in the extent literature affirmed the safe haven and hedgers properties of Gold with traditional assets
specially with stock market. Baur and McDermott (2010), for instance conclude that gold act as a safe haven asset against
osses for most developed stock markets. Selmi et al. (2018) show through a conditional Value-at-Risk (CoVaR) approach
hat gold and bitcoin play both the roles of a safe haven, a hedge and a diversifier for oil price. They mentioned that
his property depends on gold’s and Bitcoin’s market conditions and to whether the oil market is in a downside, normal
r upside regime. Kang et al. (2017) use a multivariate GARCH model and show that gold appears as an effective safe
aven during Global Financial Crisis and European Debt Crisis against agricultural and energy commodity prices. Recently,
hmad et al. (2021) reveal that gold could be used as hedgers against downside risk in all 10 US equity sectors during
he COVID-19 outbreak.

Throughout the literature, another strand of research considers how economic turbulence, such as the 2008 global
inancial crisis (GFC) and the COVID-19 outbreak, has affected or accentuated commodity correlations over time. Overall,
619
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the literature in this strand suggests that the GFC and the COVID-19 crunch have dramatically affected the comovement of
commodity markets and especially the linkage oil and gold. Specifically, many papers have documented that interdepen-
dencies between asset markets involving crude oil and gold have intensified during periods of turbulence such as the 2008
GFC and the COVID-19 crisis. Mensi et al. (2022b) show a growing time-varying asymmetric return connectedness during
all recent turbulent periods, such as the European sovereign debt crisis, the subsequent oil crisis, the Brexit crisis and,
finally, the COVID-19 pandemic crisis, with the latter showing the most relevant impact. Mokni et al. (2020) unveil a weak
connectedness between oil and gold with upsurges during turmoil periods (e.g., the 1998 Asian financial crisis, the 2008
global financial crisis, the 2010–2012 European debt crisis, and the 2014–2016 oil price collapse). Moreover, oil supply
shocks appear as a major transmitter of spillovers from oil to gold. The authors also report evidence of Economic policy
uncertainty on the dynamic connectedness between oil and gold. Tanin et al. (2022) indicate that oil prices elevate gold
prices during the global financial crisis, the gold market crash, and the European sovereign debt crisis. They also reveal
that during COVID-19 outbreak negative Brent oil prices increased gold prices. Moreover, changes in oil prices influence
positively gold prices during the global financial crisis. Gharib et al. (2021) document through Granger causality test the
presence of contagion between gold and oil markets during periods of crisis such as the 2015 crash and the COVID-19
pandemic. Adekoya et al. (2021) show that gold is consider as a hedge against oil and stock markets during the COVID-19
outbreak. Mensi et al. (2022a) reveal that gold offers more diversification gains than oil does during the pandemic. Wei
et al. (2022) argue that infectious disease pandemic has strong positive impacts on the long-run volatilities of both gold
and crude oil markets. They also found that crude oil market is more sensitive to public health emergencies than gold
market.

Based on the discussion above, it is important to mention that none of the previous studies in the literature have
xamined the asymmetric connectedness between gold and energy markets (oil, diesel fuel, gasoline, heating oil, kerosene,
nd natural gas)during different fresh sub-periods: pre-COVID-19, pre-vaccination and after vaccination periods. In this
egard, we address this gap in the literature using VAR-asymmetric BEKK GARCH.

. Methodology

.1. Asymmetric VAR BEKK GARCH

In this section, we start by describing the framework of the VAR asymmetric BEKK GARCH model. Then, we use the
utput of this model to compute optimal weights, hedge ratios, and hedging effectiveness for the energy commodity–gold
airs. To estimate the VAR asymmetric BEKK GARCH, our empirical method consists of two steps: first, we use the VAR
odel to estimate the return spillovers; and we then use the VAR asymmetric BEKK GARCH to estimate the volatility
pillover (Engle and Kroner, 1995). The conditional mean model of VAR (1) is specified as:

Rt = µ + γ Rt−1 + et with et = H1/2
t ηt (1)

here µ is the constant. Rt = (Rx
tR

y
t ) represents the vector of returns on the energy commodity (En) and gold (G) at

ime t . γ is the 2 × 2 matrix of parameters, which determines the effect of own lagged and cross mean transmission
etween energy commodity and gold at time t , and et =

(
ext e

y
t
)
represents the vector of error terms of the mean

quation for (En) and (G) at time t.ηt = (ηEn
t , ηG

t ) is a sequence of independently and identically distributed random
errors. H1/2

t = diag(
√
hx
t ,

√
hy
t ) where hx

t and hy
t define the conditional variances of the returns for the x and y series,

respectively.
The conditional variance equation is given by:

Ht = C ′C + A′et−1e′
it−1A + B′Ht−1B (2)

where Hit is the conditional variance covariance matrix, and the elements for A, B and C are defined as follows:

H =

[
hEn,t hEnG,t

hGEn,t hG,t

]
C =

[
C11 0

C21 C22

]
A =

[
α11 α12

α21 α22

]
B =

[
b11 b12

b21 b22

]
(3)

where C denotes the lower triangular matrix. The elements of matrix A represent the ARCH effect, reflecting the impact
of past shocks on conditional variance. The elements of matrix B represent the GARCH effect and represent the effects of
past conditional variances on current conditional variances. When taking into consideration the asymmetric effect, the
asymmetric BEKK (1,1) is given by:

Ht = C ′C + A′(et−1e′
t−1)A + B′Ht−1B + D′(ϕt−1ϕ

′
t−1)D (4)

where ϕ defines the k dimensional column vector. When eit−1 ≤ 0, it means negative shocks, ϕit−1 = eit−1; otherwise,
ϕit−1 = 0. Consequently, the matrix D measures the asymmetric effects between the U.S. stock market and the oil, gold

and Bitcoin markets.

620
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3.2. Optimal weights and hedge ratios

The output of the VAR asymmetric BEKK GARCH is used to estimate the optimal portfolio weights and the hedge ratios.
ollowing the study by Kroner and Ng (1998), the optimal portfolio weights of energy commodity (En) and gold (G) are
omputed as follows:

ωEnG,t =
hG,t − hEnG,t

hS,t − 2hEnG,t + hG,t
(5)

ωEnG,t =

⎧⎪⎨⎪⎩
0, if ωEnG,t < 0

ωEnG,t; if 0 ≤ ωEnG,t ≤ 1

1, if ωEnG,t ≥ 1

(6)

here ωEnG,t is the weight of energy in a one-dollar portfolio of the two assets defined above at time t . hG,t and hEn,t
epresent the conditional variances of the gold and energy markets, respectively. hEnG,t indicates the conditional covariance
etween energy and gold at time t . To estimate the optimal hedge ratios for the portfolio of energy–gold pairs, we follow
he specification used by Kroner and Sultan (1993) and compute the optimal hedge ratios as follows:

βEnG,t =
hEnG,t

hG,t
(7)

where βEnG,t denotes the hedge ratio. This shows that a long position of one dollar in the energy market should be hedged
with a short position in gold assets.

3.3. Hedging effectiveness

In the current study, we compute the hedging effectiveness (HE) to compare the performance of optimal portfolios.
HE = 1 indicates that the hedge is perfect, whereas HE = 0 proves that the hedge is not perfect. Thus, a higher HEscore
indicates a higher risk reduction and vice versa. Consistent with the study by Pan et al. (2014), the HE is estimated as
follows:

HE =
VarianceUnhedged − Variancehedged

VarianceUnhedged
(8)

where VarianceUnhedged indicates the variance of the unhedged portfolio (only energy based) returns, and Variancehedged
represents the variation in the returns for the portfolio of energy–gold, given as:

Variancehedge,t =
(
ωEnG,t

)2 hEn,t
(
1 − ωEnG,t

)2 hG,t + 2 ωEnG,t
(
1 − ωEnG,t

)
hEnG,t (9)

where ωEnG,t indicates the weight of energy in a one-dollar portfolio of energy–gold pairs at time t . hEnG,t represents
the conditional covariance between energy and gold. hEn,t and hG,t indicate the conditional variance of energy and gold,
respectively. Finally, (1 − ωEnG,t ) reflects the weight of gold assets in a one-dimensional portfolio of energy and gold.

3.4. Determinants of correlations

Consistent with the study by Yarovaya et al. (2021), we explore the potential determinants of conditional correlations
of energy–gold pairs. Specifically, we estimate the following model:

En − Gt = c + βXt + et (10)

where En − Gt represents the conditional correlation series between energy and gold, and Xt indicates the vector of
determinant correlation. Specifically, consistent with the study by Yousaf et al. (2021a) and Yarovaya et al. (2021), we
consider VIX, EPU, S&P 500, and USD, new confirmed cases and New vaccination as the explanatory variables of correlation.
et is the error term.

4. Data and preliminary analysis

Our sample consists of daily time series for a couple of energy and gold spot prices. Daily spot closing prices for WTI,
Brent, diesel fuel, gasoline, heating oil, kerosene and Henry Hub natural gas are gathered from the official website of
the U.S. Energy Information Administration (EIA). The daily data of gold prices are obtained from the Federal Reserve
Bank of St. Louis website, FRED. The sample period ranges from 03/01/2019 to 07/11/2022.We further divided the
whole sample period into three subperiods: (i) the first subperiod represents the pre-COVID-19 period (03/01/2019 to
31/12/2019), (ii) the second subperiod is defined as the COVID-19 pre-vaccination period (02/01/2020 to 06/11/2020),
621
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Table 1
Descriptive statistics and Pre-diagnostic tests.

Mean Max Min Std.Dev Skew Kurt J-B Corr. with Gold ADF

Panel A: Pre COVID-19 period

WTI 0.001120 0.141761 −0.087244 0.021713 0.578198 10.61456 612.9603*** −0.032010 −16.98085***
Brent 0.000911 0.110701 −0.063368 0.020901 0.238110 5.980396 94.13196*** −0.176836 −16.49219***
Diesel fuel 0.000688 0.088903 −0.052878 0.015201 0.434120 7.435675 211.1002*** −0.074549 −15.99881***
Gasoline 0.000387 0.414356 −0.158236 0.045769 2.662487 30.46410 8087.201*** 0.085001 −15.68455***
Heating oil 0.000694 0.104877 −0.048530 0.015859 0.882712 10.17445 564.0908*** −0.083468 −16.43292***
Kerosene 0.000764 0.092373 −0.046227 0.016573 0.622863 6.597585 149.7760*** −0.085902 −15.85359***
Natural gas −0.001780 0.286898 −0.290038 0.046695 −0.224397 15.49423 1615.174*** −0.174452 −18.81903***
Gold 0.000666 0.027464 −0.020445 0.007271 0.507284 4.599981 37.08927*** 1.000000 −15.52948***

Panel B: Pre COVID-19 vaccination period

WTI −0.002340 0.425832 −0.720273 0.089214 −1.810316 26.38072 5014.581 0.062744 −17.38637***
Brent −0.002681 0.412023 −0.772684 0.083130 −3.187902 40.14831 12726.64 0.153976 −17.31114***
Diesel fuel −0.002645 0.105361 −0.250133 0.039854 −1.340847 11.10710 653.2107 0.151480 −14.56468***
Gasoline −0.001437 0.321584 −0.449254 0.070332 −1.399166 15.02646 1365.845 0.208619 −4.114217***
Heating oil −0.002949 0.111857 −0.257082 0.042951 −1.291942 10.18961 522.8705 0.158814 −14.39715***
Kerosene −0.002847 0.153464 −0.386898 0.053899 −1.742998 15.52247 1513.640 0.169884 −16.82127***
Natural gas 0.001139 0.412154 −0.299359 0.073421 0.864284 10.25432 498.2002 0.074072 −11.56840***
Gold 0.001158 0.051334 −0.052646 0.013021 −0.455130 6.771115 134.8219 1.000000 −8.759797***

Panel C: COVID-19 vaccination period

WTI 0.001845 0.082141 −0.127771 0.026165 −0.645570 5.512589 163.9255 0.129592 −21.89003
Brent 0.001956 0.081564 −0.133124 0.025672 −0.738316 5.995610 229.1243 0.152952 −21.31740
Diesel fuel 0.002858 0.157053 −0.21780 0.032648 −0.839787 10.87347 1331.358 0.085359 −20.08567
Gasoline 0.001930 0.218666 −0.333901 0.035601 −1.344857 22.46481 7931.409 0.073420 −20.95198
Heating oil 0.002915 0.246806 −0.223144 0.034251 −0.172035 13.92915 2456.059 0.070633 −20.41967
Kerosene 0.002407 0.141721 −0.248461 0.035704 −1.164103 12.27910 1880.019 0.090703 −21.31737
Natural gas 0.001112 0.745632 −1.025103 0.091308 −1.387266 52.67953 50856.11 −0.050109 −13.27761
Gold −0.000294 0.032559 −0.045097 0.009615 −0.323697 4.893175 82.23303 1 −23.99594

Notes: We report the descriptive statistics and ADF test of return series, including mean (Mean), maximum (Max), minimum (Min), standard deviation
(Std.Dev), skewness (Skew), kurtosis (Kurt), Jarque_Bera (J-B). Corr refers to correlation. ADF refers to the Augmented Dickey and Fuller test. ***, **
and * represent statistical significance at 1% 5% and 10% levels, respectively.

and (iii) the third subperiod represents the COVID-19 vaccination period (09/11/2020 to 07/11/2022) (Teherani et al.,
2021).2 Log-differenced returns are considered for empirical analyses.

Table 1 reports the descriptive statistics results over the whole sample. We observe that all return series are positive,
suggesting that the spot closing prices of the considered markets in this study followed an upwards trend over the full
sample period. Specifically, WTI and gasoline have the highest average returns among all series, whereas gold and heating
oil show the lowest daily returns. Natural gas is the most volatile,as it showed the highest standard deviation, whereas
the gold series return is the least volatile. Furthermore, all return series exhibit skewness different from zero and kurtosis
higher than the value of 3. Panels A to C of Table 1 report the descriptive statistics results over the three subperiods.
From Panel A of Table 1, we observe that all return series are positive except for natural gas. This finding suggests that
the spot closing prices of the considered markets in this study followed an upwards trend (except for natural gas) during
the pre-COVID-19 period. Specifically, WTI and Brent have the highest average returns among all series, whereas natural
gas shows the lowest daily returns. Natural gas is the most volatile,as it showed the highest standard deviation, whereas
gold series return is the least volatile. When moving to the pre-vaccination period, we found that the average returns
of the majority of return series are negative, except for natural gas and gold. This evidence suggests that the natural gas
and gold markets perform well, and the rest of the energy markets are severely affected during the COVID-19 outbreak.
Moreover, the unconditional volatility of all return series increases during the second subperiod compared with the first
subperiod. Specifically, the most significant increase is reported in the WTI and Brent return series. Shifting our attention
to the COVID-19 vaccination period, the results reported in Panel C of Table 1 indicate that the mean returns of all return
series become positive except for the gold market. Specifically, heating oil exhibits the highest average return, whereas
gold presents the lowest daily return. Furthermore, we found that the standard deviation of all return series decreased
sharply during the COVID-19 vaccination period except for natural gas, implying that these markets become less volatile
during the COVID-19 vaccination period, which is also an indicator of energy market recovery. Furthermore, all return
series exhibit skewness different from zero and kurtosis higher than the value of 3 during the three subperiods. The results
of the Augmented Dickey–Fuller (ADF) test reveal that all return series are stationary across the three subperiods.

Dealing with the unconditional correlation analysis, the results highlighted in Panel A of Table 1 indicate that all
pairs showed negative correlations except for the gasoline–gold pair. It is also shown that the highest unconditional

2 The first positive news about the effectiveness of a vaccine (after trials) appeared on the 9th of November 2020. Specifically, on 9 November
2020, PFIZER and BioNTech announced that the vaccine was 90% effective.
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Fig. 1. Return variation of energy markets.

correlation is reported for the Brent–gold pair, whereas the lowest correlation is shown in the WTI-gold pair. During
the pre-vaccination period, the results indicate that the unconditional correlation values increase and shift to positive.
Specifically, the gasoline–gold pair shows the highest degree of association, whereas the WTI-gold pair has the lowest
association. The rising degree of association between energy–gold pairs is mostly due to the higher level of uncertainty in
the financial markets during the COVID-19 outbreak (Yousaf et al., 2021b). Moving to the COVID-19 vaccination period,
the results indicate the presence of a negative correlation between all energy–gold pairs, indicating that the portfolios
of energy–gold provide greater diversification benefits in the COVID-19 vaccination phase. Moreover, we found that the
highest unconditional correlation is shown in the heating oil–gold pair, whereas the lowest unconditional correlation is
reported for the natural gas–gold pair.

Fig. 1 plots the evolution of return series by market, which reveals the presence of excessive volatility during the whole
sample period. However, the volatilities of all markets are drastically increased, especially in the COVID-19 pre-vaccination
period. This finding agrees with numerous studies in the literature proving that volatility across markets intensified during
the first quarter of 2020, such as Ajmi et al. (2021) and Yousfi et al. (2021). When moving to the COVID-19 vaccination
period, the intensity of excessive volatility significantly decreases in most markets except for the natural gas and gold
markets.

5. Empirical results

5.1. Return and volatility spillover analysis

Tables 2 to 4 display the estimation results of the mean and volatility spillovers between the gold and energy
commodity markets during the three subperiods. Panel A of Tables 2 to 4 report the estimation results of the mean
equations. Surprisingly, the findings show that only a few markets are affected by their own lags. Specifically, we found
that gasoline is significantly positively (negatively) influenced by its own lagged returns during the first and second
subperiods (third subperiod). Furthermore, we found that natural gas is significantly and negatively (positively) affected
by its own lagged returns before (during) the COVID-19 vaccination period. It is also revealed that natural gas is the most
affected by its own lagged return (12.13%) during the COVID-19 vaccination period, whereas gasoline is less likely to be
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Table 2
Estimation results of bivariate VAR asymmetric BEKK GARCH during the pre-COVID-19 pandemic.

Indicators WTI Gold Brent Gold Dies Fu Gold Gaso Gold Heat oil Gold Keros Gold Nat Gas Gold

Panel A: Mean
equation

Constant 0.0004 0.0002 0.0013 0.0007 0.0002 0.0003 −0.0007 0.0004 0.0002 0.0003 0.0003 0.0003 −0.0016 0.0003
Energy market(−1) −0.1228 −0.0100 −0.0839 −0.0376 −0.0030 −0.0560* 0.1678** −0.0359 −0.0691 −0.0594** −0.0225 −0.0110 −0.0043 −0.0223***
Gold(−1) 0.2119 0.0332 0.1766 −0.0305 0.2546 0.0243 0.1161 −0.0000 0.3353*** 0.0444 0.2699** 0.0490 0.3540 0.0334

Panel B: Variance
equation

Constant 0.0000 0.0000 0.0086 0.0029 0.0023 −0.0001 0.0177 *** 0.0000 0.0075** −0.0000 0.0057*** −0.0000 0.0306*** −0.0000
(εEn

t−1 )
2 0.0431 0.0032 −0.1943 0.1131 −0.2007** 0.0359 −0.1301** 0.0396*** −0.1354*** 0.0492** −0.1386* 0.0504*** 0.5317*** −0.0077

(εG
t−1 )

2
−0.0441 0.0480 0.2557 0.2248 ** −0.1816 0.1185* 1.3617 0.1895*** −0.1893 0.1018 −0.2476 0.0946 −0.9548** 0.2779***

hEn
t−1 0.9689*** 0.0508*** 0.7993*** 0.0097 0.9592*** −0.0148* 0.7400 *** 0.0054 0.7331*** 0.0184 0.8613*** −0.0014 0.2725*** 0.0141

hG
t−1 −0.4567*** 0.9628*** 0.4938** 0.7595** 0.1706 0.9677*** −1.3805 *** 0.8422 *** 0.2641*** 0.9575*** 0.1672** 0.9729*** 0.9626* 0.9248***

θEn
t−1 0.1263** −0.1088*** 0.5953 −0.1533 0.1662 −0.1168 0.4704 *** −0.0338 0.4722** −0.1503*** 0.3506*** −0.1126*** 0.1988 0.0040

θG
t−1 −0.7302** −0.0198 0.0062 −0.1187 0.0985 −0.0494 −3.5848*** −0.1611 0.8784 −0.0632 0.6071* −0.0116 −0.7170 −0.0408

LogL 1502.3783 1501.8563 1581.0579 1325.9952 1572.3468 1557.1304 1339.3523
AIC −11.741353 −11.8589 −12.4663 −10.2173 −12.3723 −12.2776 −10.3536
SIC −11.650820 −11.768405 −12.3757 −10.1268 −12.2818 −12.1871 −10.2631

Q (20) 18.42711 18.4738 16.7164 19.3250 28.8335* 17.2744 18.8138 21.7552 30.21* 17.9842 25.9096 16.0045 18.6126 15.3792
Q 2 (20) 11.1699 18.5397 19.2860 25.4250 9.6597 18.2529 8.7605 21.5250 10.9382 18.1946 6.5227 19.4379 8.9873 23.6998

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

Table 3
Estimation results of bivariate VAR asymmetric BEKK GARCH before the COVID-19 vaccination period.

Indicators WTI Gold Brent Gold Dies Fu Gold Gaso Gold Heat oil Gold Keros Gold Nat Gas Gold

Panel A: Mean
equation

Constant −0.0052 0.0008 −0.0030 0.0010 −0.0027 0.0007 −0.0007 0.0010 −0.0037* 0.0006 −0.0034 0.0005 −0.0051* 0.0007
Energy market(−1) 0.1288 0.0051 0.1056 0.0242 −0.0515 −0.0142 0.1793** 0.0057 −0.0458 −0.0073 −0.1074 0.0039 −0.1702*** −0.0043
Gold(−1) −0.1039 −0.1454 −0.3362 −0.0733 0.0012 −0.1244 −0.5643*** −0.0553 0.1152 −0.1417** 0.0628 −0.1084 0.6651** −0.0961

Panel B: Variance
equation

Constant −0.0054* 0.0020 0.0056*** 0.0000 −0.0020 −0.0000 0.0105*** 0.0033*** 0.0023 −0.0000 −0.0013 −0.0000 −0.0961*** 0.0024***
(εEn

t−1 )
2

−0.1127 −0.0110 0.2998** −0.0283 0.1522 −0.0045 −0.0021 −0.0434 0.1650* −0.0027 0.2024* 0.0156 0.1976 0.0016
(εG

t−1 )
2

−0.2644 0.4240*** −0.0876 0.4198*** −0.4374 0.3882*** 0.4773 0.4823*** −0.5809** 0.4136*** −0.6508** 0.3661*** −0.2974 0.4169***
hEn
t−1 0.8453*** −0.0010 0.8900*** 0.0020 0.9264*** −0.0049 0.8488*** −0.0102* 0.8990*** −0.0018 0.9144*** −0.0063 0.8397*** −0.0030

hG
t−1 0.0899 0.8963*** −0.2702 0.7841*** 0.1991** 0.9062*** −0.1308 0.8361*** 0.2503*** 0.9052*** 0.2277*** 0.9124*** 0.1887 0.8978***

θEn
t−1 0.9510*** 0.0141 0.6235** 0.0567 0.4218** 0.0521 0.7577*** 0.0601 0.5206** 0.0371 0.4352*** 0.0629** 0.7439*** 0.0189

θG
t−1 0.1444 −0.0659 −0.3883 0.1641 −0.1451 0.0581 −0.2359 0.0093 −0.1614 0.0019 −0.1003 −0.0274 0.4212 −0.1035

LogL 1017.1024 1017.1062 1080.7141 1022.4914 1067.7053 1034.0907 954.560
AIC −7.6311 −7.8059 −9.2512 −8.1549 −8.6646 −8.0517
SIC −7.5301 −7.7049 −9.1502 −8.0539 −8.5637 −7.9507

Q (20) 21.1218 30.8106* 18.1920 37.8961*** 8.4065 31.9015 16.7067 34.1612** 10.6465 31.4583 9.1393 32.0564** 25.9336 30.8489*
Q 2 (20) 3.0238 21.6912 4.8855 26.7365 9.5457 25.1879 26.3766 27.6202 10.7495 23.4907 6.6218 26.8284 24.8239 19.3660

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

Table 4
Estimation results of bivariate VAR asymmetric BEKK GARCH during the COVID-19 vaccination period.

Indicators WTI Gold Brent Gold Dies Fu Gold Gaso Gold Heat oil Gold Keros Gold Nat Gas Gold

Panel A: Mean
equation

Constant 0.0023** −0.0000 0.0024** −0.0001 0.0025*** −0.0002 0.0020*** 0.0000 0.0024** −0.0002 0.0025** −0.0002 0.0040** −0.0002
Energy market(−1) −0.0252 −0.0062 0.0302 0.0035 0.0650 0.0162 −0.0026*** −0.0016 0.0578 0.0176 0.0319 0.0077 0.1213* −0.0071**
Gold(−1) 0.0378 −0.0599 0.0580 −0.0470 0.1593 −0.0595 −0.0077 −0.0732 0.2388** −0.0683 0.1212 −0.0422 −0.0568 −0.0693*

Panel B: Variance
equation

Constant 0.0050*** −0.0000 0.0018 0.0000 0.0048 0.0065** 0.0042* −0.0000 0.0070*** 0.0049*** 0.0043*** 0.0000 0.0080*** −0.0000
(εEn

t−1 )
2 0.1697*** 0.0510** 0.2712*** −0.0038 0.4714*** 0.0110 0.1557** 0.0376* 0.5287*** 0.0179 0.4705*** 0.0318* 0.5410*** −0.0048*

(εG
t−1 )

2 0.5269*** −0.0247 0.1977 0.1144 −0.0454 0.1340 1.1687*** 0.1803** −0.0918 0.0787 0.2321 0.0930* −0.1923 −0.0390
hEn
t−1 0.8771*** 0.0028 0.9541*** 0.0316 0.8836*** 0.0128 0.7339*** −0.0214* 0.7892*** 0.0265* 0.8785*** −0.0103 0.8540*** 0.0028

hG
t−1 0.3239*** 0.8615*** −0.3421*** 0.7161*** −0.0628 0.6670* 1.0617*** 0.4550*** 0.4679** 0.6435*** −0.3618** 0.8427** −0.4874** 0.8295***

θEn
t−1 0.3882*** −0.0005 0.1725* −0.0274 0.0971 −0.0568 0.6777*** 0.0776* 0.3448* −0.0577*** 0.1647 0.0574** 0.0111 0.0002

θG
t−1 −0.2202 0.1091 0.2106 0.1714 −0.0071 0.2677 0.4559 −0.3714** −0.6248 0.2487 −0.4798 −0.1962 0.9155 −0.2396**

LogL 2740.7277 2752.4273 2712.4187 2610.4335 2687.8210 2636.3108 2339.0715
AIC −10.9614 −11.0033 −10.4930 −10.3209 −10.3919 −10.3034
SIC −10.9085 −10.9504 −10.4401 −10.2680 −10.3390 −10.2505

Q (20) 25.9107 13.5832 28.9569 13.0252 24.6324 13.1633 23.6625 12.4344 27.7250 12.6381 14.5044 13.5497 28.4379 13.0012
Q 2 (20) 8.2971 10.9317 13.0466 11.4029 8.7487 12.1155 52.2864 12.8915 8.6277 11.2422 13.8329 11.1242 10.2903 12.3090

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

affected by its lagged own return (0.26%). Concerning the gold market, the results indicate that the lagged gold returns
do not influence the current returns in most cases over the subperiods, implying that historical gold prices are not useful
in forecasting current gold prices.

With regard to the cross-return spillovers in the mean equation, the findings show the presence of a bidirectional
elationship between heating oil and the gold market during the pre-COVID-19 period. Specifically, heating oil lagged
eturns negatively influence gold market returns, whereas gold market lagged returns positively influence heating oil
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markets. Interestingly, we found the highest impact on the heating oil market. Furthermore, we find significant unidirec-
tional relationships from diesel fuel and natural gas to the gold market during the pre-COVID-19 period, suggesting that
past returns of diesel fuel and natural gas are useful in predicting the current gold returns in the tranquil period. This
empirical evidence contradicts the results of Kang et al. (2017), who found that gold is a major transmitter of information
to other commodity markets.

When moving to the second subperiod, the results highlighted in Panel A of Table 3 reveal that the mean spillover
etween energy and gold price returns changed considerably during the COVID-19 crisis, which is mostly due to the
estrictions imposed by countries to contain the spread of the virus (Farid et al., 2021; Shaikh, 2021). Moreover, our
indings show the presence of significant unidirectional relationships from gold to gasoline and natural gas, proving that
he gold market is very useful for forecasting gasoline and natural gas price returns during the COVID-19 outbreak. Moving
o the third subperiod, we found that only natural gas market has significant effects on gold markets, proposing that the
nformation coming from this market is very useful for forecasting current gold returns during the COVID-19 vaccination
eriod.
Dealing with the variance equations, Panel B of Tables 2 to 4 indicate that the diagonal elements for ARCH and GARCH

oefficients are statistically significant for the majority of gold and energy prices markets during the three subperiods.
his finding proved that the conditional variances of these markets depend both on their own lagged innovations and
onditional variances. Furthermore, we found that the magnitude of GARCH coefficients is higher than the magnitude
f ARCH coefficients for the majority of considered markets in this study. This result suggests that information on past
olatility is more useful in forecasting current conditional volatility than information on past shocks, which is consistent
ith the findings of Ajmi et al. (2021) and Vo and Ellis (2018).
In terms of ARCH effects, the findings reported in Panel B of Table 2 show the presence of significant unidirectional

hocks’ transmissions from gasoline, heating oil and kerosene to gold markets. Specifically, lagged innovation shocks from
he gasoline, heating oil and kerosene markets are most likely to increase gold price returns by 3.96%, 4.92% and 5.04%,
espectively. This finding highlights the presence of weak interdependency between those markets during the pre-COVID-
9 period. Based on this result, it is important to mention that investors could profit from diversification benefits in gold
nergy (Rehman et al., 2019; Rehman and Vo, 2021). Furthermore, a strong and significant unidirectional relationship is
dentified from gold to natural gas. The lagged innovation shocks linked to the gold market led to a sharp decrease in
atural gas returns of 95.48%. The highest sensitivity of the natural gas market could be due to its lower prices recorded
uring 2019, which is mostly the result of the oversupply problem in the U.S. natural gas industry that increased the
olume of stored natural gas (Farid et al., 2021).
During the second subperiod, a significant change between energy–gold pairs is reported. Panel B of Table 3 indicates

he presence of negative and significant unidirectional spillovers from the gold market to two energy markets, namely,
eating oil and kerosene, where the ARCH coefficients equal 58.09% and 65.08%, respectively. This indicates that the gold
arket led both the heating oil and kerosene markets during the COVID-19 outbreak. The sensitivity of heating oil and
erosene prices could be attributed to the dramatic collapse of oil prices, as the prices of these two refined petroleum
roducts are strongly driven by crude oil price fluctuations (Benkraiem et al., 2018). Moreover, the suspension of business
ctivity and government measures (lockdown, border controls, travel cancellation) to contain the spread of the virus led
o a sharp decrease in energy commodity prices (Hanieh, 2021; Priya et al., 2021). For instance, the S&P GSCI energy
ndex dropped to approximately 49% of its value during March 2020 (Elgammal et al., 2021). Furthermore, the sensitivity
f heating oil and kerosene could be due to the sharp decrease in daily transportation activities and international tourism
n response to the pandemic (Rehman and Vo, 2021). The presence of strong negative spillovers from gold to heating oil
nd kerosene markets implying the safe haven properties of gold during the COVID-19 outbreak. This finding is in line
ith the study by Yousaf et al. (2021b) and Dutta et al. (2020) who affirms that gold play the role of a safe haven against
nergy markets.
Regarding the COVID-19 vaccination period, results reported in Panel B of Table 4 show evidence of two bidirectional

elationships between (gold and WTI) and (Gasoline and Gold). Specifically, it is revealed that lagged innovation shocks
oming from Gold positively affect WTI return by 52.69%, whereas a 1% increase in the lagged innovation shock of WTI
s most likely to increase gold return by 5.1%. Surprisingly, this finding contradicts the results reported by Ajmi et al.
2021) who report that gold is shown as a safe haven against oil market during periods of markets tensions. The strong
nterdependency between gold and oil market reported in this study could be attributed to the fact that gold is one of
he most traded commodities across the world, as its shocks transmitted and spilled to other markets (Gharib et al.,
021). It is also found that the lagged innovation shocks linked to gasoline positively impacts gold return after recording
n ARCH coefficient around 116.78%, whereas gasoline lagged innovation has a significant positive effect gold return,
hile the ARCH coefficient equal to 3.76%. Such finding affirms that both markets are transmitter and receiver of shocks,
hereas the impact of gold on gasoline is much higher. Intuitively, we can notice that the relationship between energy
arkets (crude oil, gasoline) and gold shifts to significant during the COVID-19 vaccination period comparing to the pre-
accination period. Such finding could be because the trading of these commodities follows an upward trend during the
accination period after the suspension of governments measures taken by governments during the COVID-19 outbreak
e.g., suspension of business activities, closing borders, shutting down manufacturing plants) and especially before the
accination period.
Results also reveal the presence of two unidirectional relationships arising from kerosene (natural gas) to gold market,

ith a positive (negative) ARCH coefficient equal to 3.18% (4.8%). Such finding corroborates partially with the study by
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Tang and Aruga (2022), which affirms the presence of positive correlation between energy market and gold during the
COVID-19 outbreak. Interestingly, we found that the magnitude of shocks transmitted from kerosene and natural gas to
gold market is relatively weak in terms of intensity. This could be due to the positive news related to the effectiveness
of the COVID-19 vaccine and the start of economic recovery (Demir et al., 2021; Khalfaoui et al., 2021). The presence of
weak interdependency between kerosene/natural gas and gold markets indicates the appropriateness of combining these
two classes of assets in the same portfolio, allowing portfolio investors to take advantage of diversification benefits.

Dealing now with GARCH effects, the findings reported in Panel B of Table 2 show evidence of a bidirectional
elationship between the WTI and gold markets during the pre-COVID-19 period. This empirical evidence reveals that
rude oil and gold markets are strongly interconnected because each market is both a transmitter and receiver of volatility,
hich concurs with the study by Reboredo (2013) and Kumar (2017). The interdependency between these two classes of
ssets could be due to the rising financialization of the crude oil market, which ranks alongside other commodity assets
uch as gold (Oliyide et al., 2021). Interestingly, we found that the effect of gold onWTI is much higher in terms of intensity
ather than the opposite relationship. Furthermore, we report unidirectional volatility spillovers from gold to five energy
arkets, namely, Brent, gasoline, heating oil, kerosene and natural gas. This evidence proved that the lagged conditional
ariance of gold is shown to be a useful factor in forecasting the risk of the gold market during regular times. Interestingly,
e found that gasoline and natural gas markets are the most affected by volatility from gold markets, while the GARCH
oefficients equal −138.05% and 96.26%, respectively. This finding reveals the existence of less hedging and diversification
pportunities for portfolio managers and hedge-funders holding gold and gasoline/natural gas assets in their portfolios.
he findings also show that the volatility spills over from diesel fuel to the gold market with a weak GARCH coefficient
qual to −1.48%. The weak volatility spillover recorded from diesel fuel to the gold market could be due to the decrease of

fuel prices due to the shale revolution and government incentives for renewable energy consumption (Hitaj and Suttles,
2016).

Moving now to the period before COVID-19 vaccination, the results reported in Panel B of Table 3 indicate the presence
f unidirectional volatility spillovers from gold to three out of seven energy markets (diesel fuel, heating oil and kerosene).
his finding indicates that the gold market is a major transmitter of volatility to energy markets, while the highest effect is
n heating oil. The vulnerability of energy commodity markets (i.e., diesel fuel, heating oil and kerosene) could be directly
elated to the dramatic collapse of oil prices and the geopolitical tensions between Saudi Arabia and Russia over quota
roduction agreements, as the production of these refined petroleum products depends directly on oil (Corbet et al., 2020;
jmi et al., 2021). On the other hand, we found a unidirectional volatility spillover from gasoline to gold with a GARCH
oefficient equal to −1.02%, which proved the resilience and the ability of the gold market to absorb shocks coming from
he gasoline market during the recent health crisis. Furthermore, the decrease in daily transportation activities (Rehman
nd Vo, 2021) during the COVID-19 outbreak could also explain the lower intensity of shocks from gasoline to gold.
nterestingly, the findings reveal that the effect of the U.S. stock market on the oil market increased tremendously during
he COVID-19 outbreak, particularly before the COVID-19 vaccination period.

Compared to the pre-COVID-19 period, we found that the intensity of shocks from gold to kerosene increased during
he COVID-19 outbreak and moved from 16.72% to 22.77% during the period before the development of the COVID-19
accination. As mentioned earlier, this is mostly the result of the free fall of energy markets during the recent health crisis.
or instance, we recorded a substantial decrease in oil prices that reached $-39 in April 2020 (Gharib et al., 2021). The
ramatic collapse of the oil market affected the whole energy market, including kerosene. The rise in the interdependency
etween gold and kerosene markets during the health crisis could indicate the presence of a contagion effect between
hose two markets (Forbes and Rigobon, 2002). Surprisingly, compared with the pre-COVID-19 period, we found that the
ntensity of volatility coming from gold to heating oil decreased slightly and moved from 26.41% to 25.03% during the
eriod before the COVID-19 vaccination, proving the strong resilience of heating oil during periods of market tensions.
Dealing now with the COVID-19 vaccination period, Panel B of Table 4 indicates the presence of unidirectional volatility

pillovers from gold to four out of seven energy markets (WTI, Brent, kerosene, natural gas), whereas the highest effect
s recorded on natural gas with a negative GARCH coefficient equal to −48.74%. The greatest sensitivity of natural gas
s explained not only by the adverse effects of the COVID-19 pandemic. In fact, the Cheniere Energy CEO Jack Fusco
ndicates that with the start of recoveries of the international economy, many companies across the world decided to
onsider natural gas as the fuel for clean energy transmission, which led to a spike in natural gas prices.3
Furthermore, based on the results reported in Panel B of Table 4, it is worth noting that gold led the majority of

energy markets during the COVID-19 vaccination period. This could be attributed to the predominant role of gold in
the commodity market, especially during periods of economic instability. Specifically, investors tend to purchase gold
during periods of uncertainty because it is considered a safe haven or storage of value that exhibits a strong resilience
to exogenous or endogenous shocks (Dutta et al., 2020; Akhtaruzzaman et al., 2021). Meanwhile, we found evidence of
two bidirectional relationships between (Gold and Gasoline) and (Gold and heating oil). Specifically, the findings reveal
that gold lagged conditional variance leads to an increase in gasoline’s (heating oil) current conditional variance by
106.17% (46.79%), whereas gasoline (heating oil) lagged conditional variance negatively (positively) impacts gold current
conditional variance by 2.14% (2.65%). The strong interdependency between markets reveals the presence of lower hedging

3 https://www.cnbc.com/2021/09/09/natural-gas-prices-are-rising-and-could-be-the-most-expensive-in-13-years-this-winter.html.
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opportunities for international portfolio diversification. This suggests the ineffectiveness of strategies combining gold with
gasoline or heating oil in the same portfolio during the COVID-19 vaccination period.

Based on the long-term component coefficients, it is worth mentioning that the magnitude of volatility spillovers
rising from gold to WTI (Brent) increase (decrease) drastically during the COVID-19 vaccination period compared with
he pre-COVID-19 period. Surprisingly, this evidence underlies the greatest sensitivity of the crude oil market during the
accination period, which contrasts with the idea suggesting that good news related to the effectiveness of the vaccination
ould alleviate the financial market disruptions (Demir et al., 2021; Rouatbi et al., 2021). Furthermore, the significant
ifference in the behaviour of WTI and Brent oil prices could be due to the active behaviour of noise traders in the
il market during the COVID-19 vaccination period (Gharib et al., 2021). In the same context, we found that volatility
pillovers from gold to natural gas intensified during the COVID-19 vaccination period compared with the pre vaccination
eriod. Moreover, the findings show that the long-term component of GARCH coefficients relating gold to heating oil
kerosene) increased tremendously during the COVID-19 vaccination period compared with the pre-COVID-19 period.
his evidence indicates that the positive news related to the COVID-19 vaccination is still ineffective in alleviating the
anic- and fear-driven behaviour of investors during the COVID-19 crisis.
Concerning the asymmetric volatility spillover, the findings reported in Panel B of Tables 2 to 4 indicate that only some

iagonal elements are statistically significant during the three subperiods. This evidence indicates that only a few markets
howed an asymmetric response to bad news coming from itself. For the cross-market asymmetric response, the results
llustrated in Panel A of Table 2 reveal the presence of two bidirectional relationships between (WTI, gold) and (kerosene,
old) during the pre-COVID-19 period. More precisely, we found that a negative shock of 1% in WTI (gold) engenders a
ecrease in gold’s current conditional variance (WTI) by −10.88% (−73.02). This finding indicates that oil and gold markets
re both receivers and transmitters of negative shocks, whereas the greatest impact is from gold to WTI. It is worth noting
hat negative shocks in WTI (gold) led to negative shocks in gold (WTI) market. This mutual comovement could be due to
he presence of transmission, channels between oil and gold markets such as inflation, investment, demand and supply
hocks and uncertainty (Bildirici and Turkmen, 2015; Wen et al., 2020). Furthermore, the findings disclose a bidirectional
symmetric volatility spillover between gold and kerosene markets, whereas the highest effect is shown in the kerosene
arket. Noticeably, we found that bad news in gold (kerosene) tends to sharply increase (decrease) the level of volatility
bserved in kerosene (gold). This evidence underscored the strong vulnerability of those markets to mutual negative
hocks.
We also report two unidirectional asymmetric volatility spillovers from gold to gasoline and from heating oil to gold,

hereas the greatest effect is observed in the gasoline market. Specifically, we found a substantial asymmetric impact
unning from the gold to gasoline market, while the asymmetric coefficient equals −358.848%. In other words, this finding
eans that the occurrence of a negative shock of 1% in the gold market is most likely to reduce the volatility observed in

he gasoline market by −358.848%. A possible and plausible explanation for this relationship is that the interdependency
etween gold and energy commodity markets has been high since the beginning of the Global Financial Crisis (GFC). This
ndicates the presence of strong integration, especially between energy commodities and precious metals following their
mproved financialization as tradable assets, especially after the 2008 GFC (Oliyide et al., 2021; Nguyen et al., 2020). Such
vidence indicates that, to achieve a diversification advantage, rational investors should not include gold and gasoline
ssets in the same portfolio.
When moving our attention to the COVID-19 pre-vaccination period, we found that the asymmetric volatility spillovers

etween the energy and gold markets changed considerably and almost disappeared compared with the pre-COVID-19
eriod. Noticeably, based on the results reported in Panel B of Table 3, we found the presence of an asymmetric volatility
pillover effect running from kerosene to gold, while the asymmetric coefficient equals 6.29%. This weak interdependency
etween gold and kerosene during the pre-vaccination period indicates that investors could include these two instruments
n their portfolios for diversification and hedging purposes due to their relative stability.

Dealing with the COVID-19 vaccination period, the results highlighted in Panel B of Table 4 reveal the presence of three
nidirectional asymmetric volatility spillovers running from Gasoline, heating oil and kerosene to gold market. Precisely,
e found that a negative shock from these energy markets (i.e., Gasoline, heating oil and kerosene) led to a reduction in
he current conditional variance of gold by 7.76%, 5.77% and 5.74%, respectively. This evidence suggests that bad news in
hese three energy markets is shown as good news in gold market.

.2. Time varying correlations

Fig. 2 depicts the time-varying correlations for the pairs of energy commodities and gold during the three subperiods.
he highlighted area represents the COVID-19 period. Specifically, the dark grey area accounts for the period before
he COVID-19 vaccination, while the darkest grey area illustrates the COVID-19 vaccination period. Fig. 2 reveals that
he majority of energy–gold pairs show a negative correlation during the pre-COVID-19 period, suggesting that gold
s a strong hedge4 for energy commodities during the tranquil period (Maghyereh et al., 2017). When moving to the
econd subperiod, we found that the levels of correlation intensify and become positive for the most time and for the
ajority of pairs. Interestingly, the highest level of fluctuation is observed during the second subperiod, particularly in

4 According to the study by Maghyereh et al. (2017), a strong hedge is an asset negatively related to another asset.
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Fig. 2. Time varying conditional correlation.

WTI, kerosene, and heating oil commodities. This indicates that during periods of crisis, investors should continuously
adjust their portfolios to strengthen their resilience and avoid unpredictable losses. When moving to the third subperiod,
we found that the correlation was mitigated and became more stable for the majority of energy commodities, except for
diesel fuel and heating oil. From Fig. 2, we see that the WTI, Brent, gasoline, kerosene, and natural gas markets showed
mean-reverting correlations, suggesting that those markets could be used for instrument diversification and hedging
purposes.

5.3. Optimal weights and hedge ratios-portfolio implications

Table 5 highlights the results of optimal weights and hedge ratios for the three subperiods. During the pre-COVID-19
period, we found that the optimal weights vary from 0.02 for natural gas to 0.2 for diesel fuel. This evidence indicates
that for a $1 portfolio of natural gas–gold, 0.02 cents should be invested in natural gas and the remaining amount in gold.
Intuitively, this finding proved that rational investors should invest more in gold and less in energy commodities.

Moving now to the period before the development of the COVID-19 vaccination, the results reported in Panel B of
Table 5 reveal that the optimal weight ranges from 0.04 for natural gas to 0.11 for WTI and gasoline. Noticeably, we
found that the optimal weight values decreased for five out of seven energy commodities, particularly for Brent, diesel
fuel, heating oil, kerosene and natural gas, during the pre-vaccination period compared with the weights recorded in
the pre-COVID-19 period. Such a finding suggests that investors should reduce their investment in energy in a portfolio
of energy–gold, except for WTI and gasoline, during the second subperiod. However, the results also indicate that the
optimal weight values increase slightly for WTI and gasoline energy commodities, implying that investors should reduce
the weight of gold in their portfolios compared with the pre-vaccination period. It is also important to mention that the
greatest decrease in the optimal weight values is in the heating oil and diesel fuel markets, suggesting that these two
energy commodities are more volatiles during the period before COVID-19 vaccination.

During the COVID-19 vaccination period, we found that the optimal weights vary from 0.04 for natural gas to 0.14 for
diesel fuel. Results show that the optimal weight values increased slightly for all energy commodities except for natural
gas and WTI, suggesting that investors should increase their investment in energy commodities more than in gold during
628
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Table 5
Optimal weights and hedge ratios for Energy markets and Gold during each sub-period.

WTI/Gold Brent/Gold Dies Fu/Gold Gasoline/Gold Heating/Gold Kerosene/Gold Na Gas/Gold

Panel A: Pre-COVID-19 period:

ωEnG
t 0.10 0.13 0.20 0.02 0.19 0.17 0.06

βEnG
t −0.05 −0.37 −0.18 0.49 −0.17 −0.13 −1.03

Panel B: Before vaccination period:

ωEnG
t 0.11 0.09 0.11 0.06 0.10 0.07 0.04

βEG
t 0.87 0.99 0.53 0.79 0.68 0.90 0.81

Panel C: After vaccination period:

ωEnG
t 0.11 0.11 0.14 0.08 0.12 0.10 0.04

βEnG
t 0.44 0.44 0.33 0.31 0.33 0.32 −0.10

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

the COVID-19 vaccination period. The rising in the optimal weight values during the COVID-19 vaccination period might
be due to the positive effect of good news related to the COVID-19 vaccination.

Next, we discuss the results of hedge ratios. Fig. 3 depicts the time-varying hedge ratios for the energy–gold pairs
uring the three subperiods. The results illustrated in Table 5 indicate that, at first glance, the values of the optimal hedge
atio on average are low (high) during the first and third subperiods (second subperiod), indicating that hedging is more
xpensive in the COVID-19 pre-vaccination period than in the other two sample periods. Hence, we suggest a hedging
trategy only during the pre-COVID-19 period and the COVID-1 vaccination period. Specifically, our results indicate that
he highest (lowest) hedge ratio values recorded during the pre-COVID-19 period are found for gasoline (natural gas)
nergy commodities at 0.49 (−1.03). This result indicates that a $1 long position in the gasoline energy commodity can
e hedged for 0.49 (1.03) cents with a short position (long position) in the gold market during the pre-COVID-19 period.
ased on this finding, it is important to note that the gasoline (natural gas) energy commodity appears to be the most
xpensive (cheapest) hedge for the gold market during the pre-COVID-19 period.
When moving to the second subperiod, the results show that the optimal hedge ratios vary from 0.53 for diesel fuel to

.9 for kerosene, suggesting that a $1 long position in diesel fuel can be hedged for 0.53 (0.9) cents with a long position
n the gold market during the pre-vaccination period. In other words, this finding indicates that diesel fuel is the cheapest
edge for gold, whereas kerosene is the most expensive hedge for gold during the second period. Furthermore, we found
hat the values of hedge ratios recorded a substantial increase during the second subperiod compared with the first
ubperiod, except for natural gas commodities. Such a finding reveals that all the energy commodities considered in
his study (except for natural gas) become more costly to hold during the second subperiod because investors need to
ave more money to invest in these energy commodities to minimize the risk related to the gold market.
Dealing now with the third subperiod, the findings displayed in Table 5 indicate that the highest (lowest) hedge ratio is

dentified for crude oil market (natural gas). This finding reveals that crude oil market (WTI/Brent) is an expensive hedge
or gold, whereas natural gas is shown to be the cheapest strategy for gold during the COVID-19 vaccination period.
oreover, the values of hedge ratios decreased sharply for all energy commodities included in this study. Thus, gold is
onsidered a good and useful hedging tool for all energy commodities during the third subperiod compared with the first
nd second subperiods. It is also important to mention that hedging energy commodities through gold is less expensive
uring the COVID-19 vaccination period.

.4. Hedging effectiveness

We now discuss the results of the HE ratios for the three subperiods. On average, we see that the values of HE are
igh across the three subperiods. During the pre-COVID-19 period, the HE values ranged from 96.640 for natural gas to
2.6395 for heating. This evidence shows that hedging strategies including energy–gold pairs are most likely to sharply
ecrease the portfolio’s risk.
When shifting our attention to the second subperiod, the results reveal that the HE varies from 93.9018 for natural

as to 85.6814 for diesel fuel. Thus, the best (worst) hedging strategy providing protection against portfolio risk includes
he natural gas–gold pair, whereas the worst hedging strategy includes the diesel fuel–gold pair. Furthermore, our results
how that the values of HE decrease for the majority of energy commodities considered in this study. Specifically, the risk
f energy commodities decreases slightly for four out of seven markets (WTI, Brent, gasoline, and natural gas) by including
old in an energy commodity portfolio during the second subperiod compared with the first subperiod (see Table 6).
When moving to the third subperiod, we found that the highest (lowest) HE is identified on the natural gas–gold pair

Brent–gold pair). Furthermore, we found that the HE values decrease for most energy markets during the third subperiod
ompared with the second subperiod, except for gasoline, heating oil and Natural gas. This finding proved that the risk
eduction is lower for many gold–energy portfolios in the COVID-19 vaccination period than in the prevaccination-COVID-
9 period. This suggests the lower ability of gold to hedge energy commodities during periods of recovery (the vaccination
hase of COVID-19).
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Fig. 3. Time varying hedge ratio.

Table 6
Hedging effectiveness results during each sub-period.

WTI/Gold Brent/Gold Dies Fu/Gold Gasoline/Gold Heating/Gold Kerosene/Gold Na Gas/Gold

Panel A: Pre-COVID-19 period:

HE 90.0886 90.0417 82.8447 96.6071 82.6395 84.2744 96.640

Panel B: Before vaccination period:

HE 87.0021 88.9574 85.6814 90.1984 86.7960 90.0666 93.9018

Panel C: After vaccination period:

HE 84.7518 84.1959 85.2265 90.2534 87.4418 89.4967 95.8827

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

5.5. Determinants of correlations

Table 7 reports the determinants of the correlations over the whole sample period. At first glance, we see that the
-statistics are statistically significant for all pairs. The fear index is statistically significant for all pairs except for heating
il–gold. Furthermore, the EPU index, which captures the uncertainty in U.S. economic activity is also shown to be a strong
redictor of the conditional correlation of the majority of energy commodity–gold pairs, except for gasoline–gold.
Surprisingly, we found that the return of the S&P 500 cannot predict any of the time-varying conditional correlations in

ur sample, except for diesel fuel. It is also found that the USD appears to be a lower predictor of conditional correlations,
s it presents a significant coefficient only for the Brent–gold and diesel fuel-gold pairs during the examined period. For
he COVID-19 proxies, the results reveal that new confirmed cases are found to be a strong determinant of correlations
or all pairs except for gasoline/kerosene–gold. Nevertheless, the results of the new vaccination proxy influence only the
orrelations of the following pairs: WTI–gold, Brent–gold, gasoline, natural gas–gold. Overall, our findings indicate that
IX, EPU and new confirmed cases are the main drivers of correlations for most energy commodity–gold pairs during
he examined period.
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Table 7
Determinants of the correlations and volatility transmission between energy commodity markets and gold over the whole sample period.

WTI–Gold Brent–Gold Diesel fuel–Gold Gasoline–Gold Heating oil–Gold Kerosene–Gold Natural gas–Gold

C −0.0406*** −0.1922*** 0.0014*** 0.0173 −0.1429*** −0.1471*** −0.1074***
VIX −0.0014* 0.0055*** −0.0001 0.0057*** 0.0042*** 0.0048* −0.0025**
EPU 0.0001* 0.0002* −1.22E−06 −7.38E−05 0.0003*** 0.0003*** 0.0001**
S&P 500 0.2188 0.1904 0.5680*** −0.5603 0.5779 0.2300 −0.2238
USD 0.8015 3.3942** −0.9186*** 0.0229 −1.4994 2.3756 −0.3493
New cases 0.0047*** 0.0100*** 0.0002* −0.001 0.0037* 0.0021 0.0210***
New vaccination 0.0043*** 0.003** 8.28E−05 −0.0023* 0.0007 0.0006 −0.0088***
Adjusted R-Squared 0.1695 0.2756 0.1102 0.0846 0.1472 0.1848 0.2833
F-statistic 32.1943*** 60.0073*** 19.6063*** 14.5744*** 27.2182*** 35.7451*** 62.3532***
Prob(F-statistic) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Notes: This table shows the determinants of the correlation series between each pairs of energy–gold using the Newey and West autocorrelation
and the heteroskedasticity robust standard errors (HAC) method. WTI–Gold represents the time-varying correlation between WTI and gold. VIX (fear
index) is the 30-day volatility of the S&P 500 index. EPU: represents the Economic Policy Uncertainty index for the US economy. S&P 500: the
natural logarithm of the daily closing price of S&P 500. USD: is the dollar index. New cases: the natural logarithm of new confirmed cases. New
vaccination: is the natural logarithm of new vaccination. *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively.

6. Conclusion

This study uses a bivariate VAR asymmetric BEKK GARCH model to explore the return and volatility spillovers between
nergy commodities and gold markets in three sample periods: (a) the pre-COVID-19 period, (b) the COVID-19 pre-
accination period, and (c) the COVID-19 vaccination period. Furthermore, we investigate the optimal weights, hedge
atios, and hedging effectiveness during three sample periods. Finally, we explore the determinants of the correlation
etween energy and gold pairs.
In terms of mean spillover, the results show that the gold market appears to be the main receiver during the pre-

OVID-19 period. In the COVID-19 pre-vaccination period, gold is found to be very useful in forecasting gasoline and
atural gas price returns. During the COVID-19 vaccination period, we found that four out of seven (WTI, Brent, Kerosene,
nd natural gas) energy commodities led the gold market.
Concerning the variance equation, the findings reveal the presence of volatility transmission from gold to Brent,

asoline, heating oil, kerosene and natural gas during the pre-COVID-19 period, while the highest effect is identified
n the gasoline and natural gas markets. When moving to the second subperiod period, the results reveal that gold leads
iesel fuel, heating oil and kerosene energy commodity markets. The sensitivity of diesel fuel, heating oil and kerosene
nergy commodity markets could be related to the dramatic collapse of oil demand and prices because the production
f these refined petroleum products depends directly on oil. It is worth noting that the intensity of shocks arising from
old to kerosene intensifies during the second subperiod compared with the first subperiod, indicating the contagion
ffect. Nevertheless, it is found that the intensity of volatility coming from gold to heating oil decreases slightly during
he second subperiod compared with the first subperiod, suggesting the strong resilience of heating oil during periods of
arket tensions. During the third subperiod, the results reveal the presence of unidirectional volatility spillovers from gold

o four out of seven energy markets (WTI, Brent, kerosene, natural gas), while the highest effect is shown on natural gas.
uch findings indicate that the gold market was still leading the energy market during the COVID-19 vaccination period.
urthermore, we report evidence of two bidirectional relationships between (Gold and Gasoline) and (Gold and heating
il). Results also show that the magnitude of volatility spillovers arising from gold to WTI (Brent) increase (decrease)
uring the COVID-19 vaccination period compared with the pre-COVID-19 period.
For the asymmetric volatility spillover, our results show that the asymmetric volatility spillovers between energy

ommodity and gold markets changed considerably and almost disappeared in the COVID-19 pre-vaccination period
ompared with the pre-COVID-19 period. During the third subperiod, we found the presence of three unidirectional
symmetric volatility spillovers running from Gasoline, heating oil and kerosene to gold market.
Furthermore, the results of optimal weights show that investors should increase their investment in energy com-

odities over gold (energy commodities) during the COVID-19 vaccination period (the COVID-19 pre-vaccination period).
he optimal hedge ratios are highest (lowest) in the COVID-19 pre-vaccination period (the COVID-19 vaccination period),
mplying a higher hedging cost in the COVID-19 pre-vaccination period. These findings suggest that the hedging strategy is
ffective only in the COVID-19 vaccination phase. In contrast, the results of hedging effectiveness indicate that the highest
isk reduction is observed for the majority of energy–gold portfolio in the pre-COVID-19 and COVID-19 pre-vaccination
eriods compared with the COVID-19 vaccination period. Last, the results of determinants of correlations showed that
IX, EPU and new confirmed cases are the main predictors of correlations for many energy commodity–gold pairs during
he examined period.

Our findings provide valuable implications for policy-makers and international investors. First, policy-makers should
ay great attention to volatility spillovers between energy commodities and gold markets, especially during the COVID-19
re- and post-vaccination periods, to draw the appropriate mechanisms and policy tools with the aim of alleviating the

dverse effects of contagions and safeguarding investments. Second, investors and portfolio managers should carefully
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study and understand the mechanism of volatility transmissions between energy commodity and gold markets during
the COVID-19 pre- and postvaccination periods and utilize the results of the current study to continuously adjust their
portfolios to eliminate the contagion risk arising from the interdependency between energy and gold markets.

Acknowledgments

This work was supported by the Spanish Ministerio de Ciencia e Innovación (PID2021-128829NB-I00), and Junta de
omunidades de Castilla-La Mancha (CLM21-PIC-068), partially funded with FEDER funds.

eferences

dekoya, O.B., Oliyide, J.A., Oduyemi, G., 2021. How COVID-19 upturns the hedging potentials of gold against oil and stock markets risks: Nonlinear
evidences through threshold regression and markov-regime switching models. Resour. Policy 70, 101926.

hmad, W., Hernandez, J.A., Saini, S., Mishra, R.K., 2021. The US equity sectors, implied volatilities, and COVID-19: What does the spillover analysis
reveal? Resour. Policy. 72, 102102.

jmi, H., Arfaoui, N., Saci, K., 2021. Volatility transmission across international markets amid COVID 19 pandemic. Stud. Econ. Finance 38, 926–945.
khtaruzzaman, M., Boubaker, S., Lucey, B.M., Sensoy, A., 2021. Is gold a hedge or a safe-haven asset in the COVID–19 crisis? Econ. Model. 102,

105588.
li, S., Bouri, E., Czudaj, R.L., Shahzad, S.J.H., 2020. Revisiting the valuable roles of commodities for international stock markets. Resour. Policy. 66,

101603.
li, S., Yousaf, I., Umar, Z., 2022. Infectious disease (COVID-19)-related uncertainty and the safe-haven features of bonds markets. Rev. Behav. Finance.
abar, M., Ahmad, H., Yousaf, I., 2022. Information transmission between energy commodities and emerging Asian stock markets during crises: an

analysis of oil importing countries. Asia-Pacific J. Bus. Adm..
affes, J., 2007. Oil spills on other commodities. Resour. Policy 32 (2), 126–134.
aur, D.G., McDermott, T.K., 2010. Is gold a safe haven? International evidence. J. Bank. Financ. 34, 1886–1898. http://dx.doi.org/10.1016/j.

JournalofBanking&Finance.2009.12.008.
enkraiem, R., Lahiani, A., Miloudi, A., Shahbaz, M., 2018. New insights into the US stock market reactions to energy price shocks. J. Int. Financ.

Mark., Inst. Money 56, 169–187.
ildirici, M.E., Turkmen, C., 2015. Nonlinear causality between oil and precious metals. Resour. Policy 46, 202–211.
arpantier, J.F., 2021. Anything but gold-the golden constant revisited. J. Commod. Mark. 24, 100170.
hemkha, R., BenSaïda, A., Ghorbel, A., Tayachi, T., 2021. Hedge and safe haven properties during COVID-19: Evidence from Bitcoin and gold. Q. Rev.

Econ. Finance 82, 71–85.
hen, R., Xu, J., 2018. Forecasting volatility and correlation between oil and gold prices using a novel multivariate GAS model. Energy Econ. 37,

9–391.
orbet, S., Goodell, J.W., Gunay, S., 2020. Co-movements and spillovers of oil and renewable firms under extreme conditions: new evidence from

negative WTI prices during COVID-19. Energy Econ. 92, 104978.
emir, E., Kizys, R., Rouatbi, W., 2021. COVID-19 vaccinations and the volatility of energy companies in international markets. J. Risk Financ. Manag.

14 (12), 611.
riessen, J., Laeven, L., 2007. International portfolio diversification benefits: Cross-country evidence from a local perspective. J. Bank. Financ. 31,

1693–1712, Journal of Banking & Finance.2006.11.006.
utta, A., 2018. Impacts of oil volatility shocks on metal markets: a research note. Resour. Policy 55, 9–19.
utta, A., Das, D., Jana, R.K., Vo, X.V., 2020. COVID-19 and oil market crash: Revisiting the safe haven property of gold and Bitcoin. Resour. Policy.

69, 101816.
l Arouri, M., Khuong Nguyen, D., 2010. Oil prices, stock markets and portfolio investment: Evidence from sector analysis in Europe over the last

decade. Energy Policy 38, 4528–4539.
lgammal, M.M., Ahmed, W.M.A., Alshami, A., 2021. Price and volatility spillovers between global equity, gold, and energy markets prior to and

during the COVID-19 pandemic. Resour. Pol. 74, 102334.
ngle, R., Kroner, K.F., 1995. Multivariate simultaneous generalized ARCH. Econom. Theory 11 (1), 122–150.
sparcia, C., Jareño, F., Umar, Z., 2022. Revisiting the safe haven role of Gold across time and frequencies during the COVID-19 pandemic. North Am.

J. Econ. Finance.
arid, S., Kayani, G.M., Naeem, M.A., Shahzad, S.J.H., 2021. Intraday volatility transmission among precious metals, energy and stocks during the

COVID-19 pandemic. Resour. Policy 72, 102101.
orbes, K.J., Rigobon, R., 2002. No contagion, only interdependence: Measuring stock market comovements. J. Finance 57, 2223–2261.
titi, Z., Fatnassi, I., Tiwari, A.K., 2016. Neoclassical finance, Behavioral finance and noise traders: Assessment of gold-oil markets. Finance Res. Lett.

17, 33–40.
harib, C., Mefteh-Wali, S., Jabeur, S., Ben, 2021. The bubble contagion effect of COVID-19 outbreak: Evidence from crude oil and gold markets.

Finance Res. Lett. 38, 101703.
anieh, A., 2021. COVID-19 and global oil markets. Can. J. Dev. Stud. 42, 101–108.
itaj, Claudia, Suttles, Shellye, 2016. Trends in U.S. agriculture’s consumption and production of energy. Renewable Power, Shale Energy, and Cellulosic

Biomass. Economic Information Bulletin, 262140, United States Department of Agriculture, Economic Research Service.
rwin, S.H., Sanders, D.R., 2012. Testing the Masters Hypothesis in commodity futures markets. Energy Econ. 34, 256–269.
ang, S.H., McIver, R., Yoon, S.M., 2017. Dynamic spillover effects among crude oil, precious metal, and agricultural commodity futures markets.

Energy Econ. 62, 19–32.
halfaoui, R., Baumöhl, E., Sarwar, S., Výrost, T., 2021. Connectedness between energy and nonenergy commodity markets: Evidence from quantile

coherency networks. Resour. Policy. 74.
roner, K.F., Ng, V.K., 1998. Modeling asymmetric comovements of asset returns. Rev. Financ. Stud. 11, 817–844.
roner, K.F., Sultan, J., 1993. Time-varying distributions and dynamic hedging with foreign currency futures. J. Financ. Quant. Anal. 28, 535–551.
umar, S., 2017. On the nonlinear relation between crude oil and gold. Resour. Policy 51, 219–224.
aghyereh, A.I., Awartani, B., Tziogkidis, P., 2017. Volatility spillovers and cross-hedging between gold, oil and equities: Evidence from the Gulf
Cooperation Council countries. Energy Econom. 68, 440–453.

ensi, Walid, Lee, Yun-Jung, Vo, Xuan Vinh, Yoon, Seong-Min, 2021b. Quantile connectedness among gold, gold mining, silver, oil and energy sector
uncertainty indexes. Resour. Policy 102450.
632

http://refhub.elsevier.com/S0313-5926(22)00231-4/sb1
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb1
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb1
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb2
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb2
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb2
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb3
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb4
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb4
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb4
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb5
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb5
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb5
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb6
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb7
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb7
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb7
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb8
http://dx.doi.org/10.1016/j.JournalofBanking&Finance.2009.12.008
http://dx.doi.org/10.1016/j.JournalofBanking&Finance.2009.12.008
http://dx.doi.org/10.1016/j.JournalofBanking&Finance.2009.12.008
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb10
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb10
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb10
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb11
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb12
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb13
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb13
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb13
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb14
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb14
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb14
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb15
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb15
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb15
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb16
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb16
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb16
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb17
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb17
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb17
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb18
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb19
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb19
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb19
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb20
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb20
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb20
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb21
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb21
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb21
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb22
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb23
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb23
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb23
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb24
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb24
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb24
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb25
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb26
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb26
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb26
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb27
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb27
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb27
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb28
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb29
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb29
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb29
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb30
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb31
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb31
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb31
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb32
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb32
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb32
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb33
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb34
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb35
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb36
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb36
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb36
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb37
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb37
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb37


N. Arfaoui, I. Yousaf and F. Jareño Economic Analysis and Policy 77 (2023) 617–634

M

M

M

N

N
N
N
N

O

P
P
R
R
R

R

R

S

S

S

S

S

S

S

S

S
S
T

T
T

T

T

U

U

U

U

U

U

U

V

W
W

W

Mensi, W., Vo, X.V., Kang, S.H., 2022a. COVID-19 pandemic’s impact on intraday volatility spillover between oil, gold, and stock markets. Econ. Anal.
Policy 74, 702–715. http://dx.doi.org/10.1016/j.eap.2022.04.001.

ensi, W., Yousaf, I., Vo, X.V., Kang, S.H., 2022b. Asymmetric spillover and network connectedness between gold, BRENT oil and EU subsector markets.
J. Int. Financ. Mark., Inst. Money 76, 101487.

ensi, W., Yousaf, I., Vo, X.V., Kang, S.H., 2022c. Multifractality during upside/downside trends in the MENA stock markets: the effects of the global
financial crisis, oil crash and COVID-19 pandemic. Int. J. Emerg. Mark..

okni, K., Hammoudeh, S., Ajmi, A.N., Youssef, M., 2020. Does economic policy uncertainty drive the dynamic connectedness between oil price
shocks and gold price? Resour. Policy. 69, 101819.

aeem, M.A., Hasan, M., Arif, M., Suleman, M.T., Kang, S.H., 2022a. Oil and gold as a hedge and safe-haven for metals and agricultural commodities
with portfolio implications. Energy Econ. 105, 105758.

aeem, M.A., Yousaf, I., Karim, S., Yarovaya, L., Ali, S., 2022b. Tail-event driven NETwork dependence in emerging markets. Emerg. Mark. Rev 100971.
arayan, P.K., Liu, R., 2011. Are shocks to commodity prices persistent? Appl. Energy 88 (1), 409–416.
arayan, P.K., Narayan, S., Sharma, S.S., 2013. An analysis of commodity markets: what gain for investors? J. Bank. Finance 37 (10), 3878–3889.
guyen, D.K., Sensoy, A., Sousa, R.M., Salah Uddin, G., 2020. U.S. equity and commodity futures markets: Hedging or financialization? Energy Econ.

86, 104660.
liyide, J.A., Adekoya, O.B., Khan, M.A., 2021. Economic policy uncertainty and the volatility connectedness between oil shocks and metal market:

An extension. Int. Econ. 167, 136–150.
an, Z., Wang, Y., Yang, L., 2014. Hedging crude oil using refined product: A regime switching asymmetric DCC approach. Energy Econ. 46, 472–484.
riya, S.S., Cuce, E., Sudhakar, 2021. A perspective of COVID 19 impact on global economy, energy and environment. Int. J. Sustain. Eng. 1290–1305.
eboredo, J.C., 2013. Is gold a hedge or safe haven against oil price movements? Resour. Policy. 38, 130–137.
eboredo, J.C., Ugolini, A., 2016. The impact of downward/upward oil price movements on metal prices. Resour. Policy 49, 129–141.
ehman, M.U., Bouri, E., Eraslan, V., Kumar, S., 2019. Energy and non-energy commodities: An asymmetric approach towards portfolio diversification

in the commodity market. Resour. Policy 63, 101456.
ehman, M.U., Vo, X.V., 2021. Energy commodities, precious metals and industrial metal markets: A nexus across different investment horizons and

market conditions. Resour. Policy. 70, 101843.
ouatbi, W., Demir, E., Kizys, R., Zaremba, A., 2021. Immunizing markets against the pandemic: COVID-19 vaccinations and stock volatility around

the world. Int. Rev. Financ. Anal. 77, 101819.
alisu, A.A., Swaray, R., Oloko, T.F., 2018. Improving the predictability of the oil–US stock nexus: The role of macroeconomic variables. Econ. Model.

15, 3–171.
arkodie, S.A., Ahmed, M.Y., Owusu, P.A., 2022. COVID-19 pandemic improves market signals of cryptocurrencies–evidence from Bitcoin, Bitcoin Cash,

Ethereum, and Litecoin. Finance Res. Lett. 44, 102049.
arwar, S., Shahbaz, M., Anwar, A., Tiwari, A.K., 2019. The importance of oil assets for portfolio optimization: The analysis of firm level stocks. Energy

Econ. 78, 217–234.
elmi, R., Mensi, W., Hammoudeh, S., et al., 2018. Is Bitcoin a hedge, a safe haven or a diversifier for oil price movements? A comparison with gold.

Energy Econ. 74, 787–801.
hah, A.A., Paul, M., Bhanja, N., Dar, A.B., 2021. Dynamics of connectedness across crude oil, precious metals and exchange rate: Evidence from time

and frequency domains. Resour. Policy 73, 102154.
hahzad, S.J.H., Bouri, E., Roubaud, D., Kristoufek, L., 2020. Safe haven, hedge and diversification for G7 stock markets: Gold versus bitcoin. Econ.

Model. 87, 212–224.
haikh, I., 2021. On the relation between Pandemic disease outbreak news and crude oil, gold, gold mining, silver and energy markets. Resour. Policy.

72, 102025.
harif, A., Aloui, C., Yarovaya, L., 2020. COVID-19 pandemic, oil prices, stock market, geopolitical risk and policy uncertainty nexus in the US economy:

Fresh evidence from the wavelet-based approach. Int. Rev. Financ. Anal. 70, 101496.
ilvennoinen, A., Thorp, S., 2013. Financialization, crisis and commodity correlation dynamics. J. Int. Financ. Mark. Inst. Money 24, 42–65.
myth, R., Narayan, P.K., 2018. What do we know about oil prices and stock returns? Int. Rev. Financ. Anal. 57, 148–156.
ang, C., Aruga, K., 2022. Relationships among the fossil fuel and financial markets during the COVID-19 pandemic: Evidence from bayesian

DCC-MGARCH models. Sustainability 14.
anin, T.I., Sarker, A., Brooks, R., Do, H.X., 2022. Does oil impact gold during COVID-19 and three other recent crises? Energy Econ. 105938.
eherani, M., et al., 2021. Intent to vaccinate SARS-CoV-2 infected children in US households: A survey. Vaccines 9 (9), 1049. http://dx.doi.org/10.

3390/vaccines9091049.
iwari, A.K., Khalfaoui, R., Solarin, S.A., Shahbaz, M., 2018. Analyzing the time-frequency lead–lag relationship between oil and agricultural

commodities. Energy Econ. 76, 470–494. http://dx.doi.org/10.1016/j.eneco.2018.10.037.
iwari, A.K., Nasreen, S., Shahbaz, M., Hammoudeh, S., 2020. Time-frequency causality and connectedness between international prices of energy,

food, industry, agriculture and metals. Energy Econ. 85, 104529.
mar, Z., Jareño, F., Escribano, A., 2021a. Static and dynamic connectedness between oil Price shocks and Spanish equities: a sector analysis. Eur. J.

Finance 27 (9), 880–896.
mar, Z., Jareño, F., Escribano, A., 2021b. Oil price shocks and the return and volatility spillover between industrial and precious metals. Energy

Econ. 99.
mar, Z., Nasreen, S., Solarin, S.A., Tiwari, A.K., 2019a. Exploring the time and frequency domain connectedness of oil prices and metal prices. Resour.

Policy. 64, 101516.
mar, Z., Riaz, Y., Zaremba, A., 2021c. Patterns of spillover in energy, agricultural, and metal markets: A connectedness analysis for years 1780-2020.

Finance Res. Lett. 43, 101999.
mar, Z., Shahzad, S.J.H., Kenourgios, D., 2019b. Hedging US metals & mining Industry’s credit risk with industrial and precious metals. Resour. Policy

63, 101472.
mar, Z., Yousaf, I., Aharon, D.Y., 2021d. The relationship between yield curve components and equity sectorial indices: Evidence from China.

Pac.-Basin Finance J. 68, 101591.
mar, Z., Yousaf, I., Gubareva, M., Vo, X.V., 2022. Spillover and risk transmission between the term structure of the US interest rates and Islamic

equities. Pac.-Basin Finance J. 72, 101712.
o, X.V., Ellis, C., 2018. International financial integration: Stock return linkages and volatility transmission between Vietnam and advanced countries.

Emerg. Mark. Rev 36, 19–27.
ang, X., Zhang, C., 2014. The impacts of global oil price shocks on China’ s fundamental industries. Energy Policy 68, 394–402.
ei, Y., Wang, Zhuo, Li, Dongxin, Chen, Xiaodan, 2022. Can infectious disease pandemic impact the long-term volatility and correlation of gold and
crude oil markets? Finance Res. Lett. 102648.

en, D., Wang, Y., Ma, C., Zhang, Y., 2020. Information transmission between gold and financial assets: Mean, volatility, or risk spillovers? Resour.
Policy. 69, 101871.
633

http://dx.doi.org/10.1016/j.eap.2022.04.001
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb39
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb39
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb39
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb40
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb40
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb40
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb41
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb41
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb41
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb42
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb42
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb42
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb43
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb44
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb45
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb46
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb46
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb46
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb47
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb47
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb47
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb48
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb49
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb50
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb51
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb52
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb52
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb52
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb53
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb53
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb53
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb54
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb54
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb54
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb55
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb55
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb55
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb56
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb56
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb56
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb57
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb57
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb57
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb58
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb58
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb58
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb59
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb59
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb59
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb60
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb60
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb60
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb61
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb61
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb61
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb62
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb62
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb62
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb63
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb64
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb65
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb65
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb65
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb66
http://dx.doi.org/10.3390/vaccines9091049
http://dx.doi.org/10.3390/vaccines9091049
http://dx.doi.org/10.3390/vaccines9091049
http://dx.doi.org/10.1016/j.eneco.2018.10.037
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb69
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb69
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb69
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb70
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb70
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb70
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb71
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb71
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb71
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb72
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb72
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb72
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb73
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb73
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb73
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb74
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb74
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb74
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb75
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb75
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb75
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb76
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb76
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb76
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb77
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb77
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb77
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb78
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb79
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb79
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb79
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb80
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb80
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb80


N. Arfaoui, I. Yousaf and F. Jareño Economic Analysis and Policy 77 (2023) 617–634

Y
Y

Y
Y

Y

Yarovaya, L., Elsayed, A.H., Hammoudeh, S., 2021. Determinants of spillovers between islamic and conventional financial markets: Exploring the safe
haven assets during the COVID-19 pandemic. Finance Res. Lett. 43, 101979.

ousaf, I., 2021c. Risk transmission from the COVID-19 to metals and energy markets. Resour. Policy. 73, 102156.
ousaf, I., Ali, S., Bouri, E., Saeed, T., 2021b. Information transmission and hedging effectiveness for the pairs crude oil-gold and crude oil-Bitcoin

during the COVID-19 outbreak. Econ. Res. -Ekonomska Istraživanja 1–22.
ousaf, I., Bouri, E., Ali, S., Azoury, N., 2021a. Gold against Asian stock markets during the COVID-19 outbreak. J. Risk Financ. Manag. 14, 186.
ousfi, M., Dhaoui, A., Bouzgarrou, H., 2021. Risk spillover during the COVID-19 Global Pandemic and Portfolio Management. J. Risk Financ. Manag.

14, 222.
oussef, M., Mokni, K., 2019. Do crude oil prices drive the relationship between stock markets of oil-importing and oil-exporting countries? Economies

7.
634

http://refhub.elsevier.com/S0313-5926(22)00231-4/sb81
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb81
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb81
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb82
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb83
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb83
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb83
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb84
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb85
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb85
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb85
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb86
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb86
http://refhub.elsevier.com/S0313-5926(22)00231-4/sb86

	Return and volatility connectedness between gold and energy markets: Evidence from the pre- and post-COVID vaccination phases
	Introduction
	Literature Review
	Methodology
	Asymmetric VAR BEKK GARCH
	Optimal weights and hedge ratios 
	Hedging effectiveness 
	Determinants of correlations 

	Data and preliminary analysis
	Empirical results
	Return and volatility spillover analysis
	Time varying correlations 
	Optimal weights and hedge ratios-portfolio implications 
	Hedging Effectiveness 
	Determinants of correlations 

	Conclusion
	Acknowledgments
	References


