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This study focuses on the relation between the fluctuation of international oil prices and 
China’s energy stock market during the COVID-19 pandemic, using a dynamic conditional 
correlation generalized autoregressive conditional heteroskedasticity model. We confirm 
the spillover effect of volatility between oil price returns and energy stock returns and 
determine that price leadership has been heavily influenced during the pandemic. 

I. Introduction 

COVID-19 has had a dramatic impact on international 
capital markets (Salisu & Vo, 2020; Yousaf & Ali, 2021; D. 
Zhang et al., 2020). This vast impact also includes disrup-
tion of the oil import market, which sharply lowered the 
price of crude oil on the international market, from US$58 
on January 15, 2020, to US$20 on April 15, 2020. 

With the growing complexity of the global economy and 
financial markets, the volatility of oil and stock markets 
can have greater consequences on the interaction between 
the global oil and financial markets (Bai & Koong, 2018). 
However, the severe global economic challenge posed by 
the COVID-19 pandemic has raised questions for oil-im-
porting economies: will the breakdown in international oil 
prices have more serious consequences for their financial 
markets? Given the COVID-19 outbreak, it is necessary to 
reconsider traditional hypotheses and confirm what will be 
different during this turbulent period. 

In their study on the impact of international crude oil 
prices on the return of energy stocks, Jin and Jin (2010) use 
a GARCH model and concluded that the international crude 
oil price has a significant positive impact on China’s nat-
ural gas and petroleum industry. Zhou and Guo (2014) use 
a Baba–Engle–Kraft–Kroner GARCH model and found the 
international crude oil market to have a one-way spillover 
effect on the Chinese stock market. However, the relations 
between markets are becoming increasingly complex, such 
that early studies cannot demonstrate dependence or 
volatility (Bekiros & Uddin, 2017), especially during the 
COVID-19 pandemic. 

Current related research on COVID-19 focuses on the oil 
market and its impact on various economic factors (Kartal, 
2020). Recent studies also focus on the relation between oil 
prices and the stock exchange (Narayan, 2021; Prabheesh 
et al., 2020; W. Zhang & Hamori, 2021). They show that 
the COVID-19 outbreak has altered the way oil connects to 
stock markets. Despite numerous studies, there is no con-
sensus on the impact of COVID-19 on the relation between 
the oil and stock markets. Narayan (2021) estimate that 
the strength of the relation between oil prices and equity 

performance in the Japanese market decreased during the 
COVID-19 outbreak, although others conclude differently 
for the Asian market (Prabheesh et al., 2020). While energy 
market research in relation to the COVID-19 pandemic is 
also currently popular (Iyke, 2020; Narayan, 2021), it is also 
important to explore the effect of oil prices on energy stock 
prices during the pandemic. 

We use WTI futures to measure WTI, which is the bench-
mark for international crude oil prices and has significant 
influence other markets (Bekiros & Diks, 2008). In addition, 
we analyze the stock market of China, which could well rep-
resent emerging economies (Liu et al., 2019). 

Our results contribute to the literature in two ways. First, 
we supplement the literature on the impact of the 
COVID-19 pandemic from an energy market perspective (for 
an overview of these studies, see Narayan, 2021). Second, 
this study contributes to the research on the Chinese energy 
market. We examine the effect of international crude oil 
prices on Chinese energy stock prices during the COVID-19 
pandemic and conclude that COVID-19 significantly rein-
forces their correlation. 

The remainder of the article is organized as follows. Sec-
tion II describes the data. Section III presents the method-
ology and results. Section IV draws our conclusions. 

II. Data 
A. Sample 

We use the forward price of West Texas Intermediate 
(WTI) to measure the price of crude oil and collect daily per-
formance data on the Shenzhen Exchange’s energy index. 
The data cover the period between January 1, 2019, and De-
cember 31, 2020.1 The missing data are interpolated, for a 
total of 484 observations over a total of 487 trading days. 
The WTI data are from the US Energy Information Adminis-
tration website, and the daily performance data for the en-
ergy index are from the China Stock Market & Accounting 
Research database. We use the logarithms of the data and 
specify two variables: the WTI future price return and the 
stock price index return, respectively, as follows: 
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Table 1. ADF test and ARCH effect test and DCC Model estimation (Stock Index Returns with Oil Returns) 

Panel A:ADF test and ARCH effect test 

ADF ARCH(5) ARCH(10) 

WTI 6.785*** 44.418*** 71.175*** 

RSZ 6.608*** 15.698*** 27.074** 

Panel B:DCC Model estimation 

α β α+β 

DDC-GARCH 0.07497** 0.8194*** 0.8944 

(0.3267) (0.0651) 

This table shows the ADF test and ARCH effect test of the time series and the results of DCC Model estimation. The standard errors are in the parentheses, and ***, **, * indicate confi-
dence levels at 1%, 5% and 10%, respectively. 

where  is the daily rate of return of WTI oil futures 
prices and  is the daily rate of return for the energy 
index, both in logarithmic form and multiplied by 100. In 
subsequent sections, the variable RWTIF is used to refer to 
the daily yield on the futures price of WTI oil, and the vari-
able RSZ is used to refer to the daily energy index yield rate. 

B. Descriptive Statistics 

The following describes the baseline statistics of the time 
series. Figure 1 presents the basic features of the fluctuation 
in the rate of return of the time series. Regarding the time 
series of daily returns, we can see that both the WTI crude 
oil and energy stock price index returns are highly volatile, 
and the yield volatility of WTI crude oil futures is higher 
than that of the stock index. During the COVID-19 pan-
demic, the volatility of the WTI crude oil futures yield in-
creased abnormally, whereas the stock performance index 
did not change as much. 

III. Methodology and Empirical Results 
A. DCC-GARCH Model 

Engle (2002) proposes a dynamic conditional correlation 
(DCC) GARCH model based on previous models. This model 
assumes that the residual term of the rate of return series 
follows a normal distribution with a mean of zero, as well as 
a covariance matrix . The complete DCC template can be 
formulated as follows: 

Figure 1. Time series returns of oil prices and index 
prices of energy stocks 

This shows the rate of return on future WTI and Shenzhen Energy Index prices 
over time. 

In the DCC-GARCH model, the conditional correlation coef-
ficient is determined by the geometrically weighted average 
of standardized disturbances and changes over time. From 
the perspective of the model’s economic significance, the 
value of the dynamic correlation coefficient is 

The sum of the coefficients represents the persistence of the 
varying fluctuations. In the DCC-GARCH model, the DCC 
coefficient is a vital reference factor for measuring the ex-
istence of dynamic correlation among the variables. The 
higher the value of this coefficient, the stronger the dynam-
ical correlation. 

B. Test of Stationarity and the ARCH Effect 

In this paper, we use an augmented Dickey–Fuller (ADF) 
test to test the time series. An ARCH effect for the sequence 
is also required to use the DCC-GARCH model, and we 
therefore use a Lagrange multiplier test to verify the ARCH 
effect. The results of the ADF test and the ARCH effect test 
of the RWTIF and RSZ sequences are presented in Panel A 
of Table 1. 

The ADF test shows that the time series for WTI crude oil 

Because the price of WTI futures became negative for the first time in history on April 20, 2020 (US$-37.63), we exclude it from the analy-
sis. 
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futures and the energy stock index are both stationary with 
an ARCH effect, indicating that the DCC-GARCH model is 
suitable for analyzing the dynamic correlation between 
these time series. 

C. DCC-GARCH Analysis 

We use the estimated parameters of the DCC-GARCH 
model to calculate the dynamic correlation coefficient be-
tween the return on WTI crude oil futures contracts and the 
energy inventory return index. Table 1 shows the estimated 
results. We can see that ＋ , which indicates that the 
model is credible. The coefficients  and  are significant 
at the 5% and 1% significance levels, with values close to 
one, indicating that the dynamic correlation coefficient be-
tween the yields on the WTI crude oil futures and on the en-
ergy stock price index is highly influenced by the previous 
dynamic correlation coefficient, and the changes are more 
persistent. Panel B is a diagram of the dynamic correlation 
coefficient, showing the dynamic correlation between the 
WTI futures return and the return on the energy stock in-
dex. 

Figure 2 illustrates the dynamic correlation coefficient 
between the WTI crude oil futures return and the return 
on the energy stock index. In most cases, the dynamic cor-
relation coefficient is above the zero axis, with an average 
of 0.219, demonstrating a positive dynamic correlation be-
tween the yield on WTI crude oil futures and the yield on 
the stock price index under normal conditions. When the 
price of WTI futures increases, the energy stock index will 
outperform. However, the depth of the dynamic correlation 
coefficient intersects the zero axis and becomes negative 
to some extent, which shows that the dynamic correlation 
between WTI crude oil futures and the energy stock index 
is not completely stable. During the COVID-19 pandemic, 
this positive dynamic correlation fluctuated violently, and it 
rose rapidly at the beginning of February 2020. The dynamic 
correlation coefficient then surpassed 0.7, a high level that 
was maintained until late March, reflecting the significant 
impact of COVID-19 on the spillover effect between WTI 
crude oil futures and the energy stock index. This result also 
reflects the fact that oil-importing countries are vulnerable 
to the impact of global oil price volatility. As the domes-
tic epidemic in China was gradually brought under control, 
the spillover effect of volatility gradually returned to nor-
mal levels around August 2020. 

IV. Conclusions 

This paper uses a DCC-GARCH model to investigate the 

Figure 2. Dynamic Conditional Correlation (Stock 
Index Returns with Oil Returns) 

This figure shows the results of dynamic conditional correlation between WTI 
future prices returns and Energy Index prices returns of Shenzhen Stock Ex-
change from January 1, 2019 to December 31, 2020. 

effect of international crude oil futures price spillovers on 
the price of China’s energy shares. We find that the 
COVID-19 epidemic has exacerbated energy stock price 
volatility, which had a dramatic impact on China’s energy 
stock market at the beginning of the epidemic. However, 
this impact did not last as the domestic epidemic in China 
was brought under control. 

Our findings offer practical value to governments and 
crude oil investors. Coping with black swan events such as 
the COVID-19 pandemic, governments can be proactive in 
preventing major risks from transferring from one market to 
other related markets, maintaining macroeconomic stabil-
ity. On the other hand, investors should enhance their abil-
ity to judge and predict volatility in international crude oil 
prices and establish a reasonable investment portfolio to re-
duce the resulting investment risk. 

Further development of this research is still required. 
Considering the impact of international oil price move-
ments on the return of energy stocks, this paper addresses 
only the impact of WTI on the Chinese energy market, and 
the scale of the research is thus a quite weak. In addition, 
this paper takes into account only the impact of interna-
tional oil prices and the energy stock market as a whole and 
does not fully consider many other potentially influential 
factors. This limitation can be improved by future studies. 
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(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information. 

Oil Price–Stock Market Nexus During the COVID-19 Pandemic: Evidence From China

Energy RESEARCH LETTERS 3

https://erl.scholasticahq.com/article/28131-oil-price-stock-market-nexus-during-the-covid-19-pandemic-evidence-from-china/attachment/70631.png


REFERENCES 

Bai, S., & Koong, K. S. (2018). Oil prices, stock returns, 
and exchange rates: Empirical evidence from China 
and the United States. The North American Journal of 
Economics and Finance, 44, 12–33. https://doi.org/1
0.1016/j.najef.2017.10.013 

Bekiros, S. D., & Diks, C. G. H. (2008). The relationship 
between crude oil spot and futures prices: 
Cointegration, linear and nonlinear causality. Energy 
Economics, 30(5), 2673–2685. https://doi.org/10.1016/
j.eneco.2008.03.006 

Bekiros, S. D., & Uddin, G. S. (2017). Extreme 
dependence under uncertainty: An application to 
stock, currency and oil markets. International Review 
of Finance, 17(1), 155–162. https://doi.org/10.1111/irf
i.12095 

Engle, R. (2002). Dynamic conditional correlation: A 
simple class of multivariate generalized 
autoregressive conditional heteroskedasticity models. 
Journal of Business & Economic Statistics, 20(3), 
339–350. 

Iyke, B. N. (2020). COVID-19: The reaction of US oil and 
gas producers to the pandemic. Energy Research 
Letters, 1(2), 13912. 

Jin, H. F., & Jin, J. (2010). The impact of International 
Oil Price on China’s Stock Market- an empirical 
Analysis based on Industry data. Financial Research, 
02, 173–187. 

Kartal, M. T. (2020). The effect of the COVID-19 
pandemic on oil prices: Evidence from Turkey. Energy 
Research Letters, 1(4). 

Liu, J., Wu, Y., Ye, Q., & Zhang, D. (2019). Do seasoned 
offerings improve the performance of issuing firms? 
Evidence from China. International Review of Financial 
Analysis, 62, 104–123. 

Narayan, P. K. (2021). COVID-19 research outcomes: An 
agenda for future research. Economic Analysis and 
Policy, 71, 439–445. https://doi.org/10.1016/j.eap.202
1.06.006 

Prabheesh, K. P., Padhan, R., & Garg, B. (2020). 
COVID-19 and the oil price–stock market nexus: 
Evidence from net oil-importing countries. Energy 
Research Letters, 1(2), 13745. 

Salisu, A. A., & Vo, X. V. (2020). Predicting stock returns 
in the presence of COVID-19 pandemic: The role of 
health news. International Review of Financial 
Analysis, 71, 101546. https://doi.org/10.1016/j.irfa.20
20.101546 

Yousaf, I., & Ali, S. (2021). Linkages between stock and 
cryptocurrency markets during the COVID-19 
outbreak: An intraday analysis. The Singapore 
Economic Review, 1–20. https://doi.org/10.1142/s0217
590821470019 

Zhang, D., Hu, M., & Ji, Q. (2020). Financial markets 
under the global pandemic of COVID-19. Finance 
Research Letters, 36, 101528. https://doi.org/10.1016/
j.frl.2020.101528 

Zhang, W., & Hamori, S. (2021). Crude oil market and 
stock markets during the COVID-19 pandemic: 
Evidence from the US, Japan, and Germany. 
International Review of Financial Analysis, 74, 101702. 

Zhou, D. T., & Guo, J. G. (2014). Spillover effect of 
financial market and oil market based on binary var-
garch (1, 1)-bekk model. Zhongguo Shiyou Daxue 
Xuebao, 38(1), 177–185. 

Oil Price–Stock Market Nexus During the COVID-19 Pandemic: Evidence From China

Energy RESEARCH LETTERS 4

https://doi.org/10.1016/j.najef.2017.10.013
https://doi.org/10.1016/j.najef.2017.10.013
https://doi.org/10.1016/j.eneco.2008.03.006
https://doi.org/10.1016/j.eneco.2008.03.006
https://doi.org/10.1111/irfi.12095
https://doi.org/10.1111/irfi.12095
https://doi.org/10.1016/j.eap.2021.06.006
https://doi.org/10.1016/j.eap.2021.06.006
https://doi.org/10.1016/j.irfa.2020.101546
https://doi.org/10.1016/j.irfa.2020.101546
https://doi.org/10.1142/s0217590821470019
https://doi.org/10.1142/s0217590821470019
https://doi.org/10.1016/j.frl.2020.101528
https://doi.org/10.1016/j.frl.2020.101528

	I. Introduction
	II. Data
	A. Sample
	B. Descriptive Statistics

	III. Methodology and Empirical Results
	A. DCC-GARCH Model
	B. Test of Stationarity and the ARCH Effect
	C. DCC-GARCH Analysis

	IV. Conclusions
	References

