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The outbreak of the COVID-19 epidemic intensified the volatility of commodity markets

(the energy and precious metals markets), which created a significant negative impact on

the volatility spillovers among thesemarkets. It may also have triggered a new volatility risk

contagion. In this paper, we introduce the DCC-GARCH-CONNECTEDNESS approach

to explore the volatility spillover level and multi-level spillover structure characteristics

among the commodity markets before and during the COVID-19 epidemic in order to

clarify the new volatility risk contagion patterns across the markets. The results implied

several conclusions. (i) The COVID-19 epidemic has significantly improved the total

volatility spillover level of the energy and precious metals markets and has enhanced

the risk connectivity among the markets. (ii) The COVID-19 epidemic has amplified the

volatility of the crude oil market, making it the main volatility spillover market, namely

the source of volatility risk contagion. (iii) The COVID-19 epidemic outbreak enhanced

the external risk absorption capacity of the natural gas and silver markets, and the

absorption level of the external volatility spillover improved significantly. Furthermore,

the risk absorption capacity of the gold market weakened, while the gold market has

remained the endpoint of external volatility risk during the epidemic and has acted

as a risk stabilizer. (iv) The volatility spillover among markets has clear time-varying

characteristics and a positive connectedness with the severity of the COVID-19 epidemic.

As the severity of the COVID-19 epidemic increases, the volatility risk connectivity among

the markets rapidly increases.
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INTRODUCTION

The COVID-19 epidemic has spread rapidly around the world
since the beginning of 2020, affecting the global economy
and deeply and dramatically impacting global commodity
markets. As the benchmark of global commodities, the energy
and precious metals markets have suffered a particularly
prominent loss.

The spread of COVID-19 has caused the international
energy market, which was involved in the U.S.-Iraq conflict,
to experience a new round of disturbances. These have mainly
presented through a sharp decline in industrial and commercial
energy demand due to the COVID-19 outbreak. The isolation
measures for continued epidemic spread have further reduced
fuel demand in the transportation industry. At the same time,
the supply-side producers have not taken collective action to
restrict production and ensure price. COVID-19 has created
a both-way instability between energy supply and demand,
and its consequences have been particularly prevalent in the
international crude oil and gas markets. As a commodity
with dual economic and political attributes, the economic and
strategic significance of crude oil is undeniable. In statistics
and empirical studies, international crude oil prices have also
been confirmed to closely relate to the global economy (1). The
collapse of oil demand caused by the COVID-19 epidemic has
been considered themost serious turbulence since energy became
a global commodity. In addition, the global natural gas market,
which is undergoing structural adjustment, has faced additional
severe pressure. On the one hand, the previously excessive supply
directly affected natural gas due to the insufficient demand caused
by the epidemic. On the other hand, the decline in crude oil
prices also indirectly weakened the economy of associated gas.
The pressure from the epidemic and the downward side effects in
othermarkets have led to a decline in the price of natural gas, with
the price even falling to near themarginal cost of production. The
COVID-19 epidemic, though, has made the global natural gas
industry more sensitive to supply and demand. In combination
with the indirect impact of the crude oil sector (2), the industry is
in serious distress.

COVID-19 has directly impacted the supply and demand
of the global capital market, and its igniting of investor panic
should be considered. COVID-19 has influenced the precious
metals market, characterized by the dual attributes of goods and
finance, to attract a large amount of capital. This is striking when
compared to the decline in global risk asset prices. As traditional
hedging commodities, gold and silver are fully representative
of the panic-driven turmoil in precious metals markets. As a
recognized hard currency in precious metals, gold is a reserve
asset during periods of economic stability and a hedging tool
during periods of economic anomalies. In other words, it is
sensitive to the impact of external emergencies (3). During the
spread of the epidemic, the international gold price rose. The rise
was driven by global panic, but the decline of other commodity
prices limited its ability to rise further. Due to multiple effects,
gold price behaved sensitively, exhibiting a volatile pattern.
Although its risk aversion function is slightly inferior to that of
gold, the silvermarket is also located in the risk exposure category

under the epidemic because of its important role in industry.
Existing research fully confirms the positive role of silver (4).
The spread of the COVID-19 epidemic has suppressed consumer
demand from downstream of the industry, further impacting
silver prices through global industrial chain channels. This shows
that, in multiple channels, silver has also been considerably
sensitive to COVID-19. Sensitive volatility in crude oil, natural
gas, gold, and silver prices is also reasonably representative in
theory and statistics during periods of economic turmoil or
downturn. They are sensitive to market trends and epidemic
outbreaks and can highlight the impact of investor sentiment (5).
This sensitivity can in turn lead to inevitable risk spillover. On the
one hand, the closely association between energy products means
there must be a complex relationship among the price of crude
oil and its products. On the other, consensus has been reached
that energy commodities can impact other markets (6, 7). In
particular, fossil energy represented by crude oil impacts the price
of precious metals by affecting the production cost of the metal
industry (8). Under the background of the both-way supply and
demand obstruction caused by the epidemic and related panic,
then, research into the volatility spillover connections within
and between the two key commodity markets is more valuable
than ever.

This paper applies a DCC-GARCH-CONNECTEDNESS
approach employed by Gabauer (9) and Karim et al. (10)
to capture the impact of the COVID-19 epidemic on major
commodity markets for energy and precious metals. We further
explore the directional dynamic connectedness between the
energy and precious metals markets, which are represented by
the crude oil, natural gas, gold, and silver price compound
return sequence, respectively. The results showed that, under
the COVID-19 epidemic, the volatility spillover connections—
namely risk contagion between the energy and precious metals
markets—intensified from a dynamic perspective, and the
volatility spillover level positively correlated with the severity of
the epidemic. The outbreak of COVID-19 made the crude oil
market a source of risk spillover. At the same time, the natural gas
and silver markets’ capacity to absorb external risks has increased
significantly. The gold market’s ability to avoid risks has declined
but still plays a key role in risk hedging.

This study makes several contributions to the existing
literature. Given the complexity of the COVID-19 epidemic and
its impact, we applied a DCC-GARCH-CONNECTEDNESS
approach to describe the time-varying volatility spillover
between the energy and precious metals markets from a dynamic
perspective. The DCC-GARCH-CONNECTEDNESS approach
combines the dynamic conditional correlation-generalized
autoregressive conditional heteroscedasticity (DCC-GARCH)
model, the volatility impulse response functions (VIRF), and
the connectedness approach of Diebold and Yilmaz (11).
Furthermore, by satisfying the GARCH effect feature of
commodity price volatility, this approach can overcome the
lack of dynamic directional description of risk connections
through traditional methods, owning the advantage of remaining
independent of the variable ordering.

The remainder of this paper is organized as follows. Literature
review reviews the literature pertaining to the shock of the
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COVID-19 epidemic on commodity markets. Methodology and
data introduces the methodology applied in this paper and
describes the data. Empirical results and disscussion presents the
empirical results, and conclusion concludes the paper.

LITERATURE REVIEW

Research into COVID-19’s impact on global markets has
burgeoned. Regardless of the theoretical or empirical point of
view taken, most scholars’ results have shown that the COVID-19
epidemic will increase volatility in global markets and strengthen
the risk spillover effect among markets (12, 13). While it is worth
noting that the current research focuses on the volatility of the
securities market under COVID-19, such as in the classical stock
(14–16) and bond markets (17, 18), and the research on the risk
spillover effects of commodity markets under the background of
the outbreak of COVID-19 epidemic also take capital market as
one of themain research objects. Examples include the interactive
impact between the stock and crude oil markets during the
epidemic (19, 20) and the volatility connections between precious
metals and other capital assets (21, 22). In addition, some scholars
only study the commodity markets volatility during the period of
COVID-19 epidemic, but the sample market is relatively single,
such as energy markets (23–25) or gold markets (26), which
is difficult to clarify the structural characteristics of commodity
risk spillover.

Research has made some progress in assessing COVID-
19’s impact on the commodity market. However, it has an
increasingly sensitive position in the international economy to
connect the commodity and financial markets. Consequently, the
academic community’s focus on the commodity market remains
insufficient, especially compared to the traditional capital market.
The existing literature largely focuses on the link between the
stock and commodity markets under the COVID-19 epidemic
or only the single commodity market. Studies have paid less
attention to the dynamic relationships among different markets
within the commodity market. However, as an energy-intensive
industry, the precious metals market is sensitive to volatility in
the energy market (27). The epidemic’s heterogeneous effects on
energy consumption in different industries, such as crude oil and
natural gas, have also been confirmed (28). The phenomenon
of internal risk resonance and the subsequent dislocation it
causes deserves increased attention (29). Considering the energy
and precious metals markets’ complex relationship and key
position in the wake of COVID-19, this paper considers the
dynamic connections between them as the research object. This
perspective makes up for the deficiency of existing literature in
the research perspective.

In terms of research methods, existing studies on the
risk spillover between financial markets under the COVID-19
epidemic have largely applied the VAR family model, mainly
including TVPVAR (29, 30), PVAR (19), and others. The
Diebold and Yilmaz (11, 31, 32) volatility spillover measure has
also been widely used (33–35). Some scholars have introduced
the network to describe the risk spillover connections among

financial markets (36, 37), and GARCH and its extended models
have also been adopted to some extent (7, 38, 39).

In summary, the research methods used to depict financial
market volatility caused by external shocks have been
correspondingly solid. Based on the classical VAR and GARCH
models, scholars have expanded the models according to their
research directions, using the Diebold and Yilmaz (11, 31, 32)
method, the VECM model, and network density as their
common assistant methods. Considering the volatility clustering
and leverage effect of crude oil price (40, 41), applying GARCH
family models can better describe and capture the volatility
characteristics. In addition, the change in international, political,
and economic circumstances has made the financial attributes
of commodities increasingly prominent, showing more complex
time-varying and dynamic characteristics. The energy and
precious metals markets heavily participate in the international
economy through production and consumption channels, and
the volatility of their return rate is a prominent manifestation
in the age of COVID-19. The existing literature on and the
research methods used to explore this complex and dynamic
connection leave room for further expansion. To that end,
this paper introduces the DCC-GARCH-CONNECTEDNESS
approach, which fully considers the characteristics of the research
object—namely return rate’s volatility—and meets the needs of
dynamic identification under the shadow of COVID-19.

Based on the above discussion, this paper aims to solve
the following problems: (1) What is the dynamic impact of
the COVID-19 epidemic on the energy and precious metals
markets? (2) What is the level and status of risk spillovers
among the energy and precious metals markets under the
impact of the COVID-19 epidemic? (3) What dynamic volatility
spillover connections and risk transfer paths between energy
and precious metals markets were caused by the COVID-19
epidemic? This paper selects crude oil, natural gas, gold, and
silver as the representative industries of the two markets and
constructs a DCC-GARCH-CONNECTEDNESS approach to
examine the volatility spillover of their price returns and to
estimate the impact of the COVID-19 epidemic. Furthermore, we
analyze the changes in directional dynamic connectedness within
commoditymarkets. Our research expands the existing literature,
enriches research on the volatility spillover characteristics of the
commodity market under the spread of the COVID-19, and
accounts for the deficiency of research perspectives and methods.

METHODOLOGY AND DATA

Methodology
The time-varying volatility spillover indexes were constructed
using the following three aspects of the DCC-GARCH-
CONNECTEDNESS approach: (1) time-varying total
connectedness, (2) time-varying directional connectedness,
and (3) time-varying net pairwise directional connectedness.
The specific construction process of various volatility spillover
indexes was as follows:

First, the DCC-GARCH model was constructed. The two-
step DCC-GARCH model employed by Engle (42) was utilized
to examine time-varying conditional volatility. Specifically, the
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DCC-GARCH (1,1) model was written as follows:

yt = µt + εt εt|Ft−1 ∼ N(0,Ht) (1)

ε =
√

Htut ut ∼ N(0, I) (2)

Ht = DtRtDt (3)

where Ft−1 represents all available information up to t −
1. yt , µt , ǫt , and ut are N × 1-dimensional vectors that
represent the analyzed time series, conditional mean, errors,
and standardized errors, respectively. Moreover, Rt , and Dt =
diag(
√
h11t , · · · ,

√
hNNt) were N × N-dimensional matrices

that represented the dynamic conditional correlations, time-
varying conditional variance-covariance matrices, and time-
varying conditional variances, respectively.

First,Dtwas constructed using the GARCHmodel constructed
by Bollerslev (43) to estimate each sequence. Based on Hansen
and Lunde’s (44) study, one shock and one persistency parameter
were assumed:

hii,t = ̟ + αε2i,t−1 + βhii,t−1 (4)

The dynamic conditional correlations were calculated as follows:

Rt = diag(1
/√

qii,t , . . . ,
1/√

qNN,t
)Qtdiag(1

/√
qii,t , . . . ,

1/√
qNN,t

)

(5)

Qt = (1− a− b)
−
Q + aut−1u

′
t−1 + bQt−1 (6)

whereQt and
−
Q areN×N-dimensional positive-definitematrices

that illustrate variance-covariance matrices of conditional and
unconditional standardized residuals, respectively, and where
a(α) and b(β) are non-negative shock and persistency parameters
that satisfy the a + b < 1(α + β ≤ 1) condition. If condition
a+ b < 1 is fulfilled, Qt and Rt will vary over time. Alternatively,
the model will converge to the CCC-GARCH model, where Rt
does not change with time.

Subsequently, we calculated the volatility impulse response
functions (VIRF), which has the samemeaning as the generalized
impulse response functions (GIRFs) introduced by Koop et al.
(45) and Pesaran and Shin (46), owning the advantage of
remaining independent of the variable ordering. This method
can be interpreted as the J-step-ahead impact of a shock in one
variable on another variable’s conditional volatilities, which can
be written as

ψv = VIRF(J, δj,t , Ft−1) = E(Ht+J |εj,t , Ft−1)− E(Ht+J |εj,t
= 0, Ft−1) (7)

where δj,t represents the selection vector with one on the jth
position and zero otherwise.

It is worth noting that forecasting the conditional variance-
covariances utilizing the DCC-GARCH model is the heart

version of the VIRF and can be accomplished iteratively in the
three steps.

First, GARCH (1,1) was used to predict conditional volatility
(Dt+h|Ft). The specific process was as follows:

E(hii,t+1|Ft) = ̟ + αδ21,t + βhii,th = 1 (8)

E(hii,t+h|Ft) =
h−1
∑

i=0
̟ (α + β)i + (α + β)h−1

E(hii,t+h−1|Ft)h > 1 (9)

Second, E(Dt+h|Ft) could be predicted:

E(Qt+1|Ft) = (1− a− b)
−
Q + autu

′
t + bQth = 1 (10)

E(Qt+h|Ft) = (1− a− b)
−
Q + aE(ut+h−1u

′
t+h−1|Ft)

+bE(Qt+h−1|Ft)h = 1 (11)

whereE(ut+h−1u
′
t+h−1|Ft) ≈ E(Qt+h−1|Ft) (42), which helped to

predict the dynamic conditional correlations.
Third, the conditional variance-covariances could be

expressed as

E(Rt+h|Ft) ≈ diag
[

E(
√
qii,t+h|Ft), . . . ,E(

√
qNN,t+h|Ft)

]

E(Qt+h)diag
[

E(
√
qii,t+h|Ft), . . . ,E(

√
qNN,t+h|Ft)

] (12)

E(Ht+h|Ft) ≈ E(Dt+h|Ft)E(Rt+h|Ft)E(Dt+h|Ft) (13)

Finally, the generalized forecast error variance decomposition
(GFEVD), which can be interpreted as the variance share one
market has on others, was calculated based on the VIRF. These
shares were then normalized so that each row summed up to one,
meaning that all markets together explained 100% of the forecast
error variance of market i. This was calculated as follows:

φ̃
g
ij,t(J) =

∑J−1
t=1 ψ

2,v
ij,t

∑N
j=1

∑J−1
t=1 ψ

2,v
ij,t

(14)

where,
∑N

j=1 φ
g
ij,t(J) = 1 and

∑N
i,j=1 φ

g
ij,t(J) = N.

Thus, the total connectedness index (TCI) could be
constructed as

TCI
g
t =

∑N
i,j=1,i6=j φ̃

g
ij,t(J)

N
(15)

Simultaneously, we constructed the time-varying pairwise
connectedness index as well, which calculated the mean level
(P

g
i→j,t(J)) of volatility spillover from market i to market j and

the mean level (P
g
i←j,t(J)) of volatility spillover from market j to

market i. The indexes are as follows:

P
g
i→j,t(J) =

g

φ
ji,t
(J)

∑N
j=1

g

φ
ji,t
(J)

∗100 (16)

P
g
i←j,t(J) =

g

φ
ij,t
(J)

∑N
i=1

g

φ
ij,t
(J)

∗100 (17)
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TABLE 1 | The selection of exchange traded funds (ETFs).

ETFs Market Tracking target

The US Oil fund ETF (USO) Crude oil market The prices of WTI

crude oil

The US natural gas fund ETF (UNG) Natural gas market The prices of natural

gas

SPDR gold shares trust ETF (GLD) Gold market The price of gold

bullion in the

over-the-counter(OTC)

market

iShares silver trust ETF (SLV) Silver market The price of the silver

The trading data of the exchange traded funds (ETFs) comes from

investment.com (https://cn.investing.com/indices/).

We extracted Formulas (16) and (17) and defined the net pairwise
volatility spillover among the energy and preciousmetals markets
as formulas (16) minus formulas (17). This was calculated as

P
g
i,t = P

g
i→j,t(J)− P

g
i←j,t(J). (18)

Subsequently, we constructed the time-varying directional
connectedness index and calculated the volatility spillover from
market to all other markets ( volatility spillover) and the volatility
spillover index from all other markets to market i (FROMit

volatility spillover). The expressions are as follows:

TOit =
∑N

j=1,j 6=i
P
g
i→j,t(J) (19)

FROMit =
∑N

i=1,j 6=i
P
g
i←j,t(J). (20)

Subtracting formulas (19) and formulas (20) from each other led
to the net total directional connectedness:

NETit = TOit − FROMit (21)

If NETit is positive (negative), it means that market is a net
transmitter (receiver) of volatility risk.

Data
In this paper, we represent precious metals markets through the
gold and silver markets and represent energy markets through
the crude oil and natural gas markets. Four active foreign
exchange trading funds (ETFS) were selected to represent the
gold, silver, crude oil, and natural gas markets; in other words,
we recorded the closing price of the fund as the asset price and
then used the logarithmic difference of the fund’s closing price
to represent the compound return of this kind of asset. Doing so
reflected the market performance, providing real and reasonable
data information for the fluctuation correlation analysis among
commodity markets. The specific selection of funds is shown in
Table 1. The trading data of the exchange traded funds (ETFs)
comes from investment.com (https://cn.investing.com/indices/).

To clarify COVID-19’s impact on the volatility spillover
connectedness between commoditymarkets—in other words, the
market risk contagion structure—the sample intervals selected in

this paper included the periods before and during the COVID-
19 epidemic. In addition, considering the availability of sample
data and the comparability of the estimated results of the sub-
samples, the sub-samples selected in this paper were drawn
between October 18, 2017 and January 22, 2020 and between
January 23, 2020 to March 18, 2022, respectively. We used the
start date of the COVID-19 epidemic data published by Johns
Hopkins University as the virus’s outbreak date. The sample data
was the daily frequency information. The two sample intervals
contained 568 trading days, and the full sample had a total
of 4,544 daily frequency data. The descriptive statistics of each
variable are shown in Table 2.

In addition, the sample data used in this paper were time
series data, and the stability test of each sequence data was an
important prerequisite to ensure the accuracy and rationality of
the estimation results. Consequently, the ADF unit root test was
performed on the price compound return sequences of energy
and precious metals before and during the COVID-19 epidemic.
Moreover, to ensure the robustness of the test results, a PP test
was also applied to verify the results of the ADF unit root test, as
shown in Table 3. All kinds of asset return data sequences were
found to be stationary sequences.

EMPIRICAL RESULTS AND DISCUSSION

Static Analysis of the Volatility Spillover of
Commodity Price Compound Return
Sequences
Based on the VIRF and GFEVD, this paper calculated
the volatility spillover connectedness among the energy and
precious metals markets before and during the epidemic,
as shown in Table 4. The total volatility spillover level of
the price compound return between markets before and
during the COVID-19 epidemic was found to be 82.55
and 86.36%, respectively, and the average spillover rate of
a single market was 20.64 and 21.59%, respectively. This
indicates a significant volatility spillover connectedness among
commodity markets.

The outbreak of the COVID-19 epidemic also increased
the closeness of volatility spillover connectedness among the
gold, silver, crude oil, and natural gas markets and enhanced
risk connectedness among commodity markets. It is worth
noting as well that, before the COVID-19 epidemic broke out,
silver was the main volatility spillover market with strong risk
contagion capacity. In turn, the gold market was the main
receiver of the external volatility spillover, and the risk transfer
of the precious metal market was significantly stronger than
that of the energy market. During the COVID-19 epidemic, the
volatility spillover level of the silver market decreased rapidly,
and the precious metals markets showed their risk absorption
capacities under the shock of major emergencies which verified
that the precious metals market could play the role of risk
shock absorber in the case of increasing external economic
uncertainty. The crude oil market became the main spillover
of risk.
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TABLE 2 | Description statistics.

Variables Observations Mean Std.dev Min Max Skewness Kurtosis

Pre- COVID-19

Slv 568 0.00003 0.00480 −0.02260 0.01835 −0.30016 5.50205

Gld 568 0.00014 0.00289 −0.01055 0.01102 0.10003 4.24630

Oil 568 0.00010 0.00808 −0.03229 0.04980 −0.08215 6.59926

Gas 568 −0.00041 0.01116 −0.09219 0.07518 −0.12934 16.46450

During COVID-19

Slv 568 0.00025 0.00959 −0.06345 0.03742 −0.78707 10.37086

Gld 568 0.00015 0.00455 −0.02397 0.02058 −0.58685 6.75196

Oil 568 −0.00019 0.01527 −0.12677 0.06695 −2.43313 22.64316

Gas 568 0.00011 0.01530 −0.05102 0.06803 0.09068 4.34677

Slv, Gld, Oil and Gas represent silver price compound return, gold price compound return, crude oil price compound return and natural gas price compound return respectively, which

reflect silver market, gold market, crude oil market and natural gas market respectively, and the following is the same.

TABLE 3 | The results of unit root tests.

ADF test PP test

Variables Test statistic 1%Critical value 5%Critical value PP test 1%Critical value 5%Critical value

Pre- COVID-19

Slv −7.067*** −3.430 −2.860 −24.769*** −3.430 −2.860
Gld −6.080*** −3.430 −2.860 −25.020*** −3.430 −2.860
Oil −6.566*** −3.430 −2.860 −24.509*** −3.430 −2.860
Gas −6.044*** −3.430 −2.860 −25.706*** −3.430 −2.860
During COVID-19

Slv −5.856*** −3.430 −2.860 −22.902*** −3.430 −2.860
Gld −6.194*** −3.430 −2.860 −21.953*** −3.430 −2.860
Oil −6.726*** −3.430 −2.860 −21.286*** −3.430 −2.860
Gas −7.017*** −3.430 −2.860 −23.714*** −3.430 −2.860

***Denote the significance levels of 1%, the maximum lag order of ADF test is 12.

Time-Varying Analysis of the Volatility
Spillovers of Commodity Price Compound
Return Sequences
The COVID-19 epidemic has placed enormous pressure on
global economic growth, creating a negative impact on financial
systems that cannot be ignored. As Figure 1 shows, it has
resulted in sharp surges in the volatility of the financial (12) and
commodity markets. The red dash line represents the outbreak
point of COVID-19. After the COVID-19 epidemic broke out,
the stability of the price compound returns of silver, gold,
crude oil, and natural gas rapidly declined and the volatility
of the price return increased significantly. Therefore, it is of
great practical significance to explore COVID-19’s impact on the
commodity market.

In addition, it is worth noting that the volatility of
the commodity price compound return had time-varying
characteristics and showed clear differences over time.

From the dynamic perspective, we conducted an in-depth
study on the volatility spillover connectedness structure and its
changes among the markets before and during the COVID-19
epidemic. We aimed to rectify the dynamic changes of the total

volatility spillover level, the level of volatility spillover between
the commodity markets, and the risk spillover status of the
energy and precious metal markets. In so doing, we attempted to
identify the spillover path and tendency of commodity markets’
volatility risk under the continuous impact of the COVID-
19 epidemic. We further clarified the COVID-19 epidemic’s
dynamic impact on the energy and precious metals markets
in order to provide theoretical support and decision-making
reference for the formulation of the COVID-19 epidemic
control policies and the establishment of risk prevention and
control mechanisms.

Time-Varying Total Connectedness
The dynamic changes in the total volatility spillover level among
the energy and precious metals markets before and during the
COVID-19 epidemic are shown in Figure 2. During the period of
the COVID-19 epidemic, the magnitude of the volatility spillover
clearly increased, indicating that the COVID-19 epidemic has
significantly affected the connectedness among the four types of
commodity markets and has enhanced risk connectivity among
markets. This finding confirms the conclusion of the static
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TABLE 4 | The volatility spillover of commodity price compound return sequences.

Slv Gld Oil Gas FROM

Pre-COVID-19 period

Slv 67.42 31.12 1.36 0.1 32.58

Gld 46.86 52.88 0.06 0.2 47.12

Oil 1.07 0.03 97.52 1.37 2.48

Gas 0.02 0.03 0.33 99.62 0.38

TO 47.95 31.18 1.75 1.67 82.55

NET 15.37 −15.94 −0.73 1.29 20.64

During COVID-19 period

Slv 58.52 35.58 5.74 0.16 41.48

Gld 37.79 61.24 0.96 0.01 38.76

Oil 2.19 0.34 97.05 0.41 2.95

Gas 0.41 0.03 2.73 96.83 3.17

TO 40.4 35.95 9.43 0.58 86.36

NET −1.08 −2.81 6.48 −2.59 21.59

The data in the table is the static spillover level among energy and precious metal markets,

and the results are based on the DCC-GARCH-CONNECTEDNESS approach.

analysis and is consistent with the conclusions of Benlagha
and Omari (47) and Farid et al. (35). The main reason may
relate to the sentiment of the investors in markets (12, 48),
which will amplify the negative impact of the COVID-19
epidemic shock.

Additionally, Figure 2 depicts that the impacts of the COVID-
19 epidemic on the energy and precious metals markets
had clear time-varying characteristics. For example, at the
beginning of the epidemic, volatility spillover among the
four commodity markets rapidly rose to a relatively high
level. This primarily occurred because the global spread of
the COVID-19 epidemic increased economic uncertainty and
investor panic, leading to a rapid sell-off in global financial
markets, including commodity markets. The rapid withdrawal
of capital created a domino effect, causing the uncertainty
qualitative risk to spread rapidly across the markets. This
spread made the volatility spillover level of commodity markets
rise rapidly in the early stages of the COVID-19 epidemic.
With continuous improvements to epidemic prevention and
control in the world, the level of market risk infection has
declined periodically. However, the cross-border contagion of
COVID-19 gives the epidemic the characteristics of strong
repeatability and frequency (49). During 2020 and 2021, for
instance, the volatility spillover level among the gold, silver,
crude oil, and natural gas markets fluctuated greatly, showing
a strong connectedness with the severity of the epidemic.
This pattern was especially present in the early and middle
portions of 2021 and early 2022. For example, on 23 April
2021, there were more than 1 million new confirmed cases per
day in the world. As the global epidemic situation intensified,
the level of volatility spillover among commodity markets
increased rapidly as well. At the beginning of 2022, global
epidemics resumed due to vaccine boycotts and rallies in some
countries, and market volatility spillover continued to rise, as
Figure 2 shows.

From and to Connectedness
The COVID-19 epidemic has made significant heterogeneous
impacts on the energy and precious metals markets and has
significantly changed their volatility spillover ability and risk
spillover status. This is exemplified in Figure 3.

The TO volatility spillover level of the silver market was
found to have decreased, and the FROM volatility spillover
level of the silver market was found to have increased. The
volatility spillover level of the natural gas market also had the
same characteristics, meaning the NET volatility spillover level
of the silver and natural gas markets transitioned from positive
to negative. We found that the silver and natural gas markets
have become receivers of external volatility spillover under
the COVID-19 epidemic. Furthermore, their risk absorption
capacity has improved significantly, which mainly relates to the
demands of economic recovery and excess earnings opportunities
in certain countries. For example, under the COVID-19
epidemic, countries have sought the optimal path to recover
their economies. They have preferred to accelerate economic
transformation and replace the old kinetic energy driven by
resources with the new kinetic energy brought by technological
innovation. New energy technologies, such as 5G and solar
energy, belong to silver-intensive fields, which enhance the anti-
risk value of silver. Simultaneously, manufacturers’ production
reduction strategy during COVID-19 has been effective, reducing
the price sensitivity of natural gas and increasing investment
income. Consequently, its risk absorption capacity improved.
Under the shock of the epidemic, the magnitude of TO volatility
spillover and FROM volatility spillover of crude oil market
has increased simultaneously, while the hoist scope of the TO
volatility spillover level was decidedly higher than the FROM
volatility spillover. Thus, the level of the crude oil market’s NET
volatility spillover has risen rapidly throughout the COVID-19
epidemic. The crude oil market changed from the receiver of the
external volatility risk to the spillover of the volatility risk and
became the source of risk contagion among commodity markets
in the post-epidemic era. This may have occurred because the
COVID-19 epidemic cut production supply chains around the
world and weakened market demand expectations for oil, which
undoubtedly exacerbated the volatility of international oil prices
and improved its risk spillover levels. It is noteworthy that
during the COVID-19 epidemic, the TO and FROM volatility
spillover levels of the gold market showed reverse changes, and
the net volatility spillover level of the gold market improved.
This reveals that the negative impact of the COVID-19 epidemic
weakened the risk absorption capacity of the gold market and
mainly related to the enhanced risk reception capacity of the
silver and natural gas markets. However, we found that the
net volatility spillover level of the gold market before and
during the COVID-19 epidemic was below the 0-scale line, and
its absorption capacity of external volatility spillover was the
strongest. This proves that gold with the property of hedging
continues to stably play the role of risk damper, which is
consistent with the research conclusion of Junttila et al. (50).
Overall, the crude oil market is a source of risk under the shock
of major emergencies, while the precious metals market can be
used as an important tool to hedge the risk of financial asset
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FIGURE 1 | Volatility of compound return sequences of commodity prices. Black solid line represents the dynamic change of compound returns of commodity prices;

the red dash line represents the starting point of the COVID-19 epidemic, and the starting date of the COVID-19 epidemic data at Johns Hopkins University is used as

the outbreak date of the COVID-19 epidemic in this paper.

FIGURE 2 | The time-varying total connectedness among energy and precious metals markets. The results are based on the DCC-GARCH-CONNECTEDNESS

approach, and the solid line represents the change trend of the total volatility spillover effects of energy and precious metals markets.

price volatility. This conclusion was also supported by Mensi et
al. (51).

Additionally, the spillover ability and status of commodity
markets showed clear time-varying characteristics. As the
COVID-19 epidemic increases in severity, the volatility spillover
level of each market will enlarge. For example, in the early
stages of the outbreak in 2020, the net volatility spillover
levels of the silver, gold, and natural gas markets decreased
significantly. Furthermore, all showed strong risk reception
ability, whereas the level of risk spillover in the crude oil
market rose rapidly. As countries paid more attention to the
prevention and control of the epidemic, investors’ preference
gradually decreased, the frequency of capital flow decreased,
and the stability of capital increased. Thus, the level of risk
spillover and risk absorption of each market decreased. This
point was mutually corroborated with the conclusions of our
previous study.

Net Pairwise Directional Connectedness
The in-depth exploration of the time-varying volatility spillover
connectedness among the energy and precious metals markets
was the key point for clarifying the price risk spillover path
and spillover tendency among those markets amid the COVID-
19 epidemic. Figure 4 shows the time-varying connectedness of
volatility spillovers among the four commodity markets. There
was high degree of integration within the precious metals market
before the COVID-19 epidemic and a weak volatility spillover
connectedness between the precious metals and energy markets.
For example, before 2020, the volatility spillover between the
silver and gold markets was as high as 15%, indicating a strong
risk synergy between them. However, following the outbreak of
COVID-19, the volatility spillover level between the precious
metals markets decreased rapidly, while the risk connection
between the precious metals and energy markets enhanced
significantly. This indicates that the negative impact of the
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FIGURE 3 | The time-varying directional connectedness of the energy and precious metals markets. The results are based on the DCC-GARCH-CONNECTEDNESS

approach, and the solid line represents the change trend of the “TO volatility spillover,” “FROM volatility spillover” and “NET volatility spillover” of energy and precious

metals markets; “Pre” indicates the period before the COVID-19 epidemic, and “During” indicates the COVID-19 epidemic period.

Frontiers in Public Health | www.frontiersin.org 9 July 2022 | Volume 10 | Article 906969

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Tan et al. COVID-19 Shock and Volatility Spillovers

FIGURE 4 | The time-varying net pairwise connectedness of energy and precious metals markets. “Pre” indicates the period before the COVID-19 epidemic, and

“During” indicates the COVID-19 epidemic period, and “Slv-Gld” indicates the volatility spillover connectedness between silver market and gold market. If the volatility

connectedness index is > 0, the former is the spillover and the latter is receiver of external volatility spillover. If the connectedness index is <0, the opposite is true.

The results of other net pairwise connectedness are interpreted in the same way as above.

COVID-19 epidemic enlarged the risk absorption capacity of
the precious metals market and made it the terminal point of
risk transmission for other markets. This relates to its own
characteristics, such as the scarcity, independence, and lack of
restriction by any country or trade market.

We further found that the COVID-19 epidemic has intensified
the volatility of the crude oil market. Under the shock of the
epidemic, the crude oil market has become the source of risk
spillover for all other markets, and the risk transmission of the
crude oil market has been directional. The silver market was
found to be the main transmission object, and the market risk
was found to have finally been digested by the gold market,
indicating that the silver market plays a major role in the risk
transfer station of the gold market. It is worth noting that
the outbreak of the COVID-19 epidemic enhanced the risk
absorption capacity of the natural gas market and magnified
its role in stabilizing the risk of price volatility. Therefore, the
natural gas market has also become the main gathering place for

risks during the COVID-19 epidemic and is mainly connected
with the risk spillover from the crude oil market. It must be
emphasized that the stability of the above risk transmission
path also showed to have time-varying characteristics, and
this stability improved as the epidemic became more severe.
In the early stages of the COVID-19 outbreak in 2020 and
in the middle and early periods of 2021, the stability of the
risk connection, spillover path, and tendency among markets
significantly improved, indicating that our above conclusions
are robust.

CONCLUSION

In this article, we utilized the DCC-GARCH-
CONNECTEDNESS approach to explore the volatility spillover
connectedness before and during the COVID-19 epidemic.
Based on existing literature, relevant research conclusions were
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enriched and expanded. The main conclusions of this paper are
as follows.

First, the outbreak of the COVID-19 epidemic strengthened
the volatility correlations among the gold, silver, crude oil, and
natural gas markets and enhanced the risk connection among
them. Second, the COVID-19 epidemic has intensified the price
risk of the crude oil market and increased its volatility risk
spillover level. Therefore, under the shock of the epidemic, the
crude oil market has transitioned from the receiver of market
volatility risk to the spillover. It has also become the source of
the risk transmission of commodity markets in the post-epidemic
era. Third, the outbreak of the epidemic enhanced the risk
reception capacity of the natural gas and silver markets, as well as
amplified its role in stabilizing the risk of price volatility. It also
weakened the risk absorption capacity of the gold market, though
the gold market remains the terminus of external volatility risk
as the risk stabilizer. In addition, the COVID-19 epidemic has
weakened the volatility spillover level within the precious metals
market and enhanced the spillover connection between the
precious metals and energy markets, which fully highlights the
risk mitigation function of the precious metals markets. Fourth,
the volatility spillover level between markets showed clear time-
varying characteristics and positively correlated with the severity
of the COVID-19 epidemic. This means that increases in the
severity of the COVID-19 epidemic will amplify the volatility
spillover level of each market in the same direction.

Some policy implications can be drawn from the above
conclusions. First, because the COVID-19 epidemic was shown
to have intensified the risk volatility spillover among commodity
markets, governments should attempt to prevent and control
the epidemic, restore consumer confidence, and improve the
industrial chain structure. International organizations should
also play an active role. They can smooth the price volatility of
financial assets through control measures such as open-market
operations and maintain the stable trend of commodity prices by
improving the liquidity of commodity markets. Doing so could
prevent the internal risk volatility connection among commodity
markets.Moreover, considering the preciousmetalsmarket as the
reception of risk spillover, the government should guide investors
to effectively utilize the risk aversion performance of gold and
silver and bring precious metals and commodities with large risk
spillover into the portfolio basket to realize risk hedging. This
could allow them to improve overall investment efficiency and
weaken the turbulence caused by external risk shocks as well
as give full play to the role of gold as a risk stabilizer in the
COVID-19 epidemic. In addition, the prevention and control

of crude oil market risk volatility spillover deserves greater
attention. At the macro level, governments should improve
commodity markets and play a positive role in the global
value chain of energy and trade networks. At the micro level,
they should guide arbitrage transactions, which can effectively
reduce risk exposure, to enrich crude oil price risk management
tools, and prevent the negative impact of speculative factors
under the shadow of the epidemic. Furthermore, based on the
increasingly prominent risk transmission position of the natural
gas market, there is an opportunity to build the power of
natural gas demand and promote the establishment of a joint
bargaining mechanism, which can fundamentally weaken the
risk transmission function of the natural gas market and ensure
market and financial stability. Finally, as the energy market
becomes a risk spillover center, governments should increase
the development and utilization of renewable energy. Grasping
the opportunity for energy transformation partly granted by the
epidemic and actively introducing clean energy, such as solar
and wind energy and their related commodities, into financial
markets are also important measures. In particular, they are
helpful for hedging the instability of traditional energy with the
sustainability of renewable energy and for strengthening the risk
prevention of international financial markets.
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