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Abstract
This paper assesses the impact of unexpected oil price shocks on Chinese stock mar-
kets. We estimated the extent of unexpected oil price shocks to capture the uncer-
tainty characteristics of oil price volatility. We use autoregressive distributed lag 
model to investigate the cointegration between unexpected oil price shocks and 
China stock markets. Moreover, we decompose oil price shocks into positive and 
negative shocks and apply nonlinear autoregressive distributed lag model to inves-
tigate whether the oil price shock has a symmetric or asymmetric effect on Chinese 
stock markets. The empirical results suggest that unexpected oil price shocks have 
different impacts on the Shanghai and Shenzhen stock markets. The unexpected pos-
itive oil prices shock in the previous period has a significant impact on Shenzhen 
stock market, but has insignificant impact on Shanghai stock market.

Keywords  Asymmetric effect · NARDL · Oil price unexpected shocks

1  Introduction

Crude oil prices have often exhibited sudden rises or surprise falls triggered by 
unanticipated events such as production decisions of oil-producing countries, natu-
ral disasters, and political conflicts. Since crude oil is a crucial raw material for the 
industry, crude oil market has been increasingly interconnected with the economy 
and stock market. The strong relationship between oil market and stock market in 
different countries has been well documented by researchers (Park and Ratti 2008; 
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Toparlı et al. 2019; Nusair and Al-Khasawneh 2018). Given the pronounced influ-
ence of crude oil, such sharp changes in price referred to unexpected crude oil price 
shocks arouse growing concerns.

Since 2016, China has become the largest crude oil-importing country in the 
world. In addition, Shanghai crude oil futures market was launched on March 26th, 
2018. The market is closer to the Asia-Pacific region, which can reflect the sup-
ply and demand relationship in the region. The huge demand for crude oil makes 
the Chinese stock market’s response to oil price shocks possibly different from 
other countries. Therefore, the study of the relationship between Shanghai crude oil 
futures market and Chinese stock market is important not only to China, but also 
important to the Asia-Pacific region and the world.

This paper aims to assess the impact of unexpected oil price shocks on Chinese 
stock markets. We estimated the extent of unexpected oil price shocks to capture 
the uncertainty characteristics of oil price volatility. We use autoregressive distrib-
uted lag (ARDL) model to investigate the cointegration between unexpected oil 
price shocks and China stock markets. Moreover, we decompose oil price shocks 
into positive and negative shocks and apply nonlinear autoregressive distributed 
lag (NARDL) model to investigate whether the oil price shock has a symmetric or 
asymmetric effect on Chinese stock markets. The empirical results suggest that there 
exist leverage effects in Shanghai crude oil futures prices. Negative information has 
more impact on Shanghai crude oil futures prices volatility than positive informa-
tion. Unexpected oil price shocks have different impacts on the Shanghai and Shen-
zhen stock markets. The unexpected positive oil price shocks in the previous period 
have a significant impact on Shenzhen stock market, but has insignificant impact 
on Shanghai stock market. The spillover effect of unexpected oil price shocks has 
increased significantly since March 8th, 2021.

The rest of the paper is structured as follows. Section  2 reviews the literature 
about the nexus between oil price shocks and Chinese stock markets. Section  3 
describes how we measure the oil price shocks and the methodology for empirical 
analysis. Section 4 describes the data and presents empirical results. Section 5 con-
cludes with policy implications.

2 � Literature review

The nexus of crude oil market and stock market has attracted more and more schol-
ars’ attention. Several researchers have explored the transmission mechanism from 
crude oil market to the stock market. Investor sentiment (He 2020; Ding et al. 2017; 
Abdelhedi 2020) and exchange rates (Huang et  al. 2017) are considered as medi-
ating variables for crude oil’s effect on the economy. Wei and Guo (2017) identi-
fied the effect of different types of oil shocks, such as oil supply, aggregate demand 
shocks and oil demand shocks. They showed that the responses of stock returns to 
oil shocks vary by demand or supply shocks. Several studies provided evidences that 
the oil shocks from demand and supply side affect the returns and liquidity in stock 
markets. Ji et  al. (2020) indicated that there exists asymmetric risk spillover from 
oil demand shock to stock returns. Zheng and Su (2017) demonstrated that oil price 
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shocks from demand side increase stock market liquidity, while oil price shocks 
from supply side reduce stock markets liquidity. Bai and Koong (2018) found that 
positive oil supply shocks affect stock market adversely. Hu et al. (2018) used the 
same approach to investigate the asymmetric effect of demand and supply shocks of 
oil prices.

The different effects of unexpected increases and decreases in oil prices, defined 
as asymmetric responses or nonlinear nexus, are first proposed by Mork (1989). 
Hamilton (2003) provided evidence that oil price increases are much more impor-
tant for the economy than oil price decreases. Mendoza and Vera (2010) found that 
the unexpected increases in oil price shocks had a greater impact on economy than 
the decreases. However, Akinsola and Odhiambo (2020) revealed that oil price 
decreases in oil-importing countries have significant impact on the economy, while 
oil price increases have not. Hashmi et al. (2021) argued that oil price shocks affect 
stock prices asymmetrically in the short run, but symmetrically in the long run. 
Rafailidis and Katrakilidis (2014) revealed the short-run and long-run differences in 
the relationship between the oil market and stock market. Nusair and Olson (2021) 
suggested that positive oil price shocks seem to have a greater effect on stock returns 
in bullish markets, and negative oil price shocks seem to have a greater effect on 
stock returns in bearish markets.

Some researchers have investigated the asymmetric effects of oil price changes 
in different countries or industry sectors. Stock market response to crude oil price 
changes is found to be stronger in importing countries than in oil exporting countries 
(Salisu and Isah 2017). Maghyereh and Abdoh (2020) examined and found that the 
asymmetric effects of uncertainty changes in oil price vary across different indus-
tries. Different from other countries, the volatility spillover from oil market to Chi-
nese stock market is found to be unidirectional or one-way effect (Ahmed and Huo 
2021). Heterogeneous reactions of industrial sectors to oil price changes are con-
firmed (Salisu et al. 2019; Sun et al. 2022). These studies indicate that the impact of 
crude oil prices on different countries and industrial sectors could be quite different 
and heterogeneous.

The crude oil market has a significant impact on the stock market, whereas the 
stock market has a limited impact on crude oil market in China (Lv et  al. 2020). 
Fang and Egan (2018) measured the contagion from the oil market to China’s stock 
market. Tian et al. (2021) explored the impact of oil price on Chinese stock using 
implied volatility. The contagion and volatility spillover from oil market and stock 
market in China exhibit various characteristics, such as time-varying (Bouri et  al. 
2017), unstable overtime (Doko Tchatoka et  al. (2019)) and nonlinear (Wen et al. 
2018). Therefore, changes in oil prices are considered to be one of the reasons for 
the volatility of Chinese stock market. Moreover, the asymmetric impact of crude oil 
prices on Chinese stock prices has also been demonstrated by Jiang and Liu (2021). 
It is worth noting that the asymmetric effects in these studies are about oil price 
returns or net oil prices on stock market, which cannot reflect the nonlinear relation-
ship between unexpected shocks of oil prices and stock market. To the best of our 
knowledge, there has not been study on the asymmetric effects of unexpected shocks 
of Shanghai crude oil future markets on Chinese stock market, and the nonlinear 
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characteristics of the oil-stock nexus in China remain unclear. In this paper, we 
attempt to fill that void in the literature.

This paper extends the above studies by measuring the unexpected shocks to 
study the nexus between Shanghai crude oil future market and Chinese stock mar-
ket. This paper estimates the symmetric and asymmetric model to reveal the asym-
metric effects of oil price uncertainty shocks on Chinese stock markets in the short-
run and long-run. In order to ascertain the different stock markets responses to the 
unexpected increase and decrease in the oil price, the paper calculates the positive 
and negative shocks. Moreover, the paper analyzes the long-term and short-term 
effects of the asymmetric shocks applying nonlinear autoregressive distributed lag 
(NARDL) method.

3 � Methodology

3.1 � Measurement of unexpected oil price shocks

Some studies used the crude oil volatility index (OVX) as a proxy for uncertainty 
shocks of crude oil to examine the impacts of shocks on Chinese stock market. Xiao 
et  al. (2018) found that positive shocks of OVX have a larger impact on Chinese 
stock market than negative shocks. Luo and Qin (2017) confirmed that the OVX 
shocks negatively affect Chinese stock market, whereas oil price shocks have pos-
itive effect. Apergis and Miller (2009) analyzed the effects of oil demand shocks 
using real oil price as a proxy for demand shocks. The crude oil pricing mechanism 
can affect the uncertainty of the crude oil market. Wen et al. (2018) highlighted that 
China’s oil product market-oriented pricing reform in 2013 reduced the uncertainty 
of Chinese crude oil price, which reduced the risk of China’s stock market. How-
ever, as a volatility index, OVX cannot fully reflect the unexpected characteristics of 
the shocks.

To measure unexpected oil price shocks, both the magnitude and variability of 
forecast error based on GARCH model should be considered. Following Lee et al. 
(1995), we measure the oil price shocks based on the unexpected component and 
conditional variance of oil price GARCH-type process. Ding et  al. (1993) pro-
posed a generalized ARCH-type model, called asymmetric Power ARCH model 
(APARCH), which allows the power of the heteroscedasticity equation and leverage 
effect to be estimated. Considering the stylized facts of most financial time series, 
such as leptokurtosis, fat-tailed, volatility clustering, and leverage effects, we com-
bine the ARMA(p,q)-APARCH(1,1) model to capture the oil price return process. 
The ARMA(p,q)-APARCH(1,1) model for crude oil returns Ot , t = 1, 2,⋯ , n is 
determined as follows.

(1)Ot =� +

p∑

i=1

�iOt−i +

q∑

j=1

�j�t−j + �t

(2)�t =�t�t
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where Ot is the settle price returns of Shanghai crude oil futures; � is the constant 
term; �i is the ith autoregressive coefficient; �j is the jth moving average coeffi-
cient; �t is the error term at time t; �t is the conditional standard deviation; �t is a 
sequence of identically distributed random variables with zero mean and unit vari-
ance. � 0 , � 0 , � ≥ 0 , � ≥ 0 , −1 < 𝛾 < 1 . � is the asymmetric response parameter, 
which reflects the leverage effect. 𝛾 < 0 indicates the impact of positive information 
is greater than that of negative information. Conversely, � 0 indicates the impact of 
negative information is greater than that of positive information.

Ôt = E(Ot|It−1) is the conditional expectation of Ot , It−1 is the information set. 
The unexpected component of oil price is defined as et ≤ Ot − Ôt . The oil shocks 
can be defined as in Eq.  (4).

To examine the asymmetric effect of oil shocks, the oil shocks can be decomposed 
into Eq. (5), as proposed by Shin et al. (2014).

where Oshock+
t

 is positive innovation, Oshock−
t

 is negative innovation, and � is the error 
term. Oshock+

t
 and Oshock−

t
 are partial sum processes of positive and negative changes, 

which are represented as Eqs. (6) and (7), respectively.

3.2 � The nonlinear ARDL model

Following Pesaran et al. (2001) and Pesaran and Shin (1999), we use the traditional 
autoregressive distributed lag (ARDL) model to investigate the long-run and short-
run relationships among the time series of variables. The symmetric relationship 
between oil shocks and Chinese stock price returns can be represented by Eq. (8).

where St represents Shanghai or Shenzhen stock returns at time t; p and q are 
the order of lags, which are selected according to the minimum value of Akaike 

(3)��
t
=� + �(|�t−1| − ��t−1)

� + ���
t−1

(4)Oshock

t
=

et

�t

(5)Oshock

t
= �0 + �1O

shock+
t

+ �2O
shock−
t

+ �t

(6)Oshock+
t

=

t∑

i=1

ΔOshock+

i
=

t∑

i=1

max(ΔOshock

i
, 0)

(7)Oshock−
t

=

t∑

i=1

ΔOshock−
i

=

t∑

i=1

min(ΔOshock

i
, 0)

(8)ΔSt = �0 + �1St−1 + �2O
shock

t−i
+

p∑

i=1

�iΔSt−i +

q∑

i=1

�iΔO
shock

t−i
+ �t
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information criteria (AIC) from models with different lags; � refers to the long run 
persistence; � and � represent short-term parameters.

Equation  (8) can be re-specified as Eq. (9)

Where � is the group-specific effect; �1 is error-correlation coefficient, which meas-
ures the convergence speed to long-term equilibrium when Oshock

t
 changes. 

�0−�

�1
+ St−1 +

�2

�1
Oshock

t−i
 is the error term Ecms

t
 . So, St−1 =

�−�0

�1
−

�2

�1
Oshock

t−i
+ Ecms

t
 . 

Hence, − �2

�1
 is the long-run equlibrium relationship between Oshock

t
 and St , which can 

measure the shock effects from Oshock
t

 to St..
The traditional ARDL model cannot capture the asymmetric effect of positive and 

negative changes of oil shocks. Following Shin et al. Shin et al. (2014), we introduce 
the positive innovation Oshock+

t
 and negative innovation Oshock−

t
 into ARDL model to 

examine the asymmetric effect of oil shocks. With the incorporation of Oshock+
t

 and 
Oshock−

t
 and integration of nonlinearity into the model, the asymmetric NARDL model 

can be written as Eq. (10).

Where Ecmt−1 = St−1 − �1O
shock+

t−1
− �2O

shock−
t−1

 is the nonlinear error correlation 
term; the parameter � indicates adjustment speed. 

∑q

i=0
�+
i
 and 

∑q

i=0
�−
i
 show the 

short-run effects of the positive and negative innovation, respectively; �1 and �2 
capture the asymmetric long-run effects of positive and negative innovations in oil 
shocks on Chinese stock returns, respectively. Equation  (10)can be modified as Eq.  
(11).

The long-run effects are valid only when the variables are integrated. Resaran et al. 
(2001) proposed bound test approach for examining the long-run cointegration rela-
tionship among variables, which allows for the regressor to be stationary at level 
I(0) or first-order difference I(1) without being integrated at second difference I(2). 
For the symmetric ARDL, the null hypothesis of the bound testing approach is that 
H0 ∶ �1 = �2 = 0,which implies there is no cointegration among the variables. For 
the asymmetric NARDL, the null hypothesis is that H0 ∶ � = �1 = �2 = 0.

(9)

ΔSt =�1(
�0 − �

�1
+ St−1 +

�2

�1
Oshock

t−i
)

+

p∑

i=1

�iΔSt−i +

q∑

i=1

�iΔO
shock

t−i
+ � + �t

(10)
ΔSt =�Ecmt−1 +

p∑

j=1

�jΔSt−j +

q∑

i=0

(�+
i
ΔOshock+

t−i

+ �−
i
ΔOshock−

t−i
) + �t

(11)

ΔSt =�St−1 − ��1O
+
t
− ��2O

−
t
+

p∑

j=1

�jΔSt−j

+

q∑

i=0

(�+
i
ΔO+

t−i
+ �−

i
ΔO−

t−i
) + �t
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We can determine whether there exists long-run cointegration between two vari-
ables from the following asymptotic critical values. When F-statistic value is larger 
than the asymptotic critical value I(1), we can reject the null hypothesis. Then, there 
exists long-run cointegration between the two variables. When F-statistic value is 
less than the asymptotic critical value I(0), we cannot reject the null hypothesis. 
Then, we cannot establish the long-run equilibrium relationship between the two 
variables.

The long-run or short-run asymmetric effect can be examined by Wald-statis-
tic with the null hypothesis of symmetric relationship, which follows asymptotic 
�2 distribution. For long-run asymmetric relationship test, the null hypothesis is 
H0 ∶ �1 = �2 . For the short-run asymmetric relationship test, the null hypothesis is 
H0 ∶

∑q

i=0
�+
i
=
∑q

i=0
�−
i
.

4 � Data and empirical results

4.1 � Data

We examine the asymmetric effects of oil shocks on Shanghai and Shenzhen stock 
market returns in this paper. All the daily data are obtained from Nasdaq’s Quandl 
platform, which provides rich financial data for investment researchers from hedge 
funds, asset managers and investment banks. The sample period is selected from 
September 26th, 2018, to December 30th, 2022, and the total observation is 1161. In 
this paper, “SSEC” represents the returns of Shanghai Securities Composite Index, 
“SZC” for The Shenzhen Component Index returns, and “O” the settle price returns 
of Shanghai Crude Oil Future Exchange Continuous Contracts. These returns are 
log-return, which is defined as 100 times the log-difference of price index.

Table 1 displays the descriptive statistics of the data. The mean of crude oil price 
returns is positive, which indicates that crude oil prices rose during the sampling 
period. According to the standard deviation of oil price returns, the crude oil market 
is more volatile than stock markets. All return series are left skewed. Crude oil price 
returns are right skewed with the highest kurtosis. Since the kurtosis is larger than 3, 
all the three-time series show fat-tail characteristic. From Jarque-Bera statistics test 
results, we can conclude that the null hypothesis that these variables are normally 
distributed is rejected at 1% significance level. All variables are non-normally dis-
tributed with fat tails.

Table 1   Descriptive statistics

*** denotes rejection of the null hypothesis at 1% significance level

Mean Std. Skewness Kurtosis JB

SSEC −0.001 1.153 −0.572 7.653 1109.7***
SZC 0.004 1.493 −0.486 5.659 387.6***
O 0.023 2.480 −0.135 5.795 381.0***
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4.2 � Empirical results

4.2.1 � Unexpected oil price shocks

We utilize the ARMA(p,q)-APARCH(1,1) model to fit the daily settle price returns 
series of Shanghai Crude Oil Future Exchange Continuous Contracts. The order 
of autoregressive and moving average term is selected by minimizing the value of 
AIC. The estimation results of parameters are summarized in Table 2. The estimated 
parameters are all highly significant at the level of 1%. The asymmetric parame-
ter � = 0.1649 is statistically significant at 1%. The effect of information shock 
on Shanghai crude oil future prices volatility appears to be asymmetric. Due to 
� = 0.1649 0 , negative information has a greater impact on crude oil price volatility 
than positive information.

From Eq. 4, we calculate the unexpected oil shocks series Oshock
t

 . The unexpected 
oil price shocks series is shown in Fig. 1. In Fig. 1, it is observed that unexpected 
crude oil price return shocks occurred in the sample from May 2019 to December 
2022. The unexpected large fluctuations are one of the important characteristics of 
crude oil prices.

4.2.2 � Effects of unexpected oil price shocks

We performed ADF and PP unit root tests to examine the stationarity of these vari-
ables. The unit root tests are presented in Table 3. We can see that the returns of 
Shanghai Securities Composite Index (SSEC), Shenzhen Component Index(SZC), 
and oil shocks(Oshock ) are all stationary at level I(0). Hence, we can apply NARDL 
model to investigate the relationship between oil shocks and stock market returns.

Since unexpected crude oil price shock ( Oshock ) is a generated variable, we 
bootstrap the regressions with 500 replications to address the generated regressor 

Table 2   Results of estimated 
parameters of ARMA-APARCH 
model

*** indicates significance at 1% level

ARMA(1,1)-APARCH(1,1)

Estimate t-value

Mean equation
� 0.0218 0.890
AR(1) 0.6926 2.841***
MA(1) −0.6975 −2.807***
Variance equation
� 0.2006 3.313***
� 0.1402 5.807***
� 0.1649 2.419***
� 0.8310 29.361***
� 1.7201 4.311***
AIC 4.4843
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problem. Table  4 presents the estimation result of the linear ARDL model. From 
Table  4, we can see the coefficients of ΔOshock

t−1
 of both stock markets are signifi-

cant at 1% level. Thus, oil price shocks have significant effects on stock market 
in the short term. The long-run equilibrium correlation of symmetric relationship 
between oil shocks and Shanghai stock market is − 0.2031

−1.0042
≈ 0.2023 , which is larger 

than that of symmetric relationship between oil shocks and Shenzhen stock market 
( − 0.1371

−0.9974
≈ 0.1375 ). In the long run, the positive unexpected shocks of oil prices 

will drive up the index of both Shanghai and Shenzhen stock markets. In addition, 
the impact of positive unexpected shocks on Shanghai stock market is greater than 
that on Shenzhen stock market.

The F-statistic of the symmetric ARDL model indicates evidence of cointegra-
tion in China stock market. The error-correlation coefficients are significantly 
negative in Shanghai and Shenzhen stock market,which are −1.0042 and −0.9974, 
respectively. For the two stock markets, the speed of convergence of Shanghai stock 
market to equilibrium is faster than Shenzhen stock market. When oil price shocks 

2019 2020 2021 2022 2023

−
2

0
2

4

O
il 

S
ho

ck
s

Fig. 1   Unexpected oil price shocks

Table 3   ADF and PP unit root 
tests

*** denotes rejection of the null hypothesis at 1% significance level

Variable ADF PP

SSEC −10.421*** −1149***
SZC −9.742*** −1117***
Oshock −9.742*** −1181***
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deviate from the equilibrium level, it will take the Shanghai and Shenzhen stock 
market about one day to adjust to the equilibrium level by 100.42% and 99.74%, 
respectively.

We use R package nardl to estimate the parameters of the nonlinear ARDL 
model. We choose the best-fitted model by the minimum value of AIC, setting the 
maximum lag as 3. Table 5 summarizes the estimation results of NARDL model. 
From the F-statistics test for the two stock markets, we can confirm the existence of 
nonlinear cointegration between unexpected crude oil price shocks and stock returns 
in Chinese stock market. The Wald test ( WLR and WSR ) with the null hypothesis of 
long or short-run symmetry of unexpected oil price shocks is conducted to examine 
the existence of long- or short-run asymmetric effects between the two variables. As 
shown in Table 5, for Shanghai and Shenzhen stock market, both the null hypothesis 
of short-run symmetric impact(

∑2

i=0
�+
i
=
∑2

i=0
�−
i
 ) and the null hypothesis of sym-

metric impact in the long-run ( �1 = �2 ) cannot be rejected. Hence, unexpected oil 
price shocks affect Shanghai and Shenzhen stock markets symmetrically in short- 
and long-run. So, there is no significant difference in the effect of positive and nega-
tive oil price shocks on Chinese stock market in the long or short-run.

The effect of positive oil price shocks Oshock+
t−1

 on Shenzhen stock market is sig-
nificant, but Oshock−

t−1
 is insignificant. Therefore, positive oil price shocks can sig-

nificantly affect Shenzhen stock market in the next period, while negative oil price 
shocks have no significant impact on Shenzhen stock market in the next period. The 
long- and short- run coefficients of Oshock+

t−1
 and Oshock−

t−1
 for Shanghai stock market are 

all insignificant. However, the long- and short- run coefficients of Oshock+
t

 and Oshock−
t

 
for Shanghai stock market are all significant. The results suggest that unexpected 
price shocks will lead to an increase in stock returns of Shanghai stock market con-
currently, rather than in the next period.

Table 4   Linear ARDL 
Estimation and Cointegration 
Test

Note: The corrected standard errors bootstrapped with 500 replica-
tions are in parentheses. *** indicates significance at 1% level; ** 
indicates significance at 5% level

SSEC SZC

Intercept 0.0018 0.0048
(0.0323) (0.0426)

S
t−1 −1.0042*** −0.9974***

(0.0420) (0.0419)
O

shock

t−1
0.2031*** 0.1371
(0.0563) (0.0732)

ΔS
t−1 0.0052 0.0170***

(0.0292) (0.0295)
ΔOshock

t−1
0.2554*** 0.2308***
(0.0427) (0.0543)

Cointegration Test
F-statistic 295.59*** 293.95***
t-statistic −24.30*** −24.24***
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4.2.3 � Spillover effect among unexpected oil shocks and stock markets

While the effects of unexpected oil price shocks on Chinese stock markets have 
been examined above, the spillover effect among the three markets also needs 
to be explored. To measure the intensity of spillover effect among unexpected 
oil shocks, Shanghai Stock market and Shenzhen Stock market, we compute the 
total spillover index proposed by Diebold and Yilmaz (2012). Table  6 presents 
the total spillover index of unexpected oil price shocks and returns across the 
three markets. These results are derived from vector autoregressions of order 4.

Table 5   Nonlinear ARDL Estimation and Diagnostic Checks

The corrected standard errors bootstrapped with 500 replications are in parentheses. ***,**,* indicate 
significance at 1%, 5%, 10% level, respectively

SSEC SZC

Short-term
Intercept 0.0102 0.0106

(0.0878) (0.0885)
ΔS

t
−0.9990*** −0.9800***
(0.0368) (0.0323)

ΔOshock+
t

0.2543*** 0.2514***
(0.0467) (0.0653)

ΔOshock+

t−1
−0.0516 −0.1150*
(0.1314) (0.1778)

ΔOshock−
t

0.2558*** 0.2077***
(0.1078) (0.1333)

ΔOshock−
t−1

−0.0531 −0.0712
(0.0381) (0.0387)

Long-term
Oshock+

t
0.2545*** 0.2565***
(0.0805) (0.1070)

O
shock+

t−1
−0.0516 −0.1173*
(0.2054) (0.2804)

Oshock−
t

0.2560*** 0.2119***
(0.1706) (0.2110)

O
shock−
t−1

−0.0531 −0.0727
(0.0590) (0.0617)

Diagnostic Checks

Cointegration Test
F-statistic 259.5*** 238.3***
Asymmetry Test
W

SR
0.0004 0.1884

W
LR

0.0004 0.1962
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From Table 6, we can see that the spillover effect from Oilshock to Shanghai stock 
market is larger than that from Oilshock to Shenzhen stock market. The spillover effect 
between stock markets is more prominent than that between oil market and stock 
market. The net volatility spillover index shows that compared with Shenzhen stock 
market and Shanghai crude oil futures market, Shanghai stock market is the most 
influential market. Although unexpected crude oil price shocks will affect the stock 
market, the Shanghai crude oil futures market is more susceptible to the influence of 
Chinese stock market.

Table 6 shows the spillover index in the full sample period. Since the spillover 
effect of unexpected shocks in crude oil prices may have cyclical changes, we assess 
the spillover variation using 200-day rolling samples. The spillover index series are 
displayed in Fig.  2, which shows that the spillover effect of unexpected oil price 
shocks is highly time dependent. Unexpected shocks in oil prices were affected 
modestly by the stock market before March 8th, 2021. However, the spillover effect 
of unexpected shocks in oil prices has increased significantly since March 8th, 2021.

5 � Conclusions

We first measure the unexpected shocks of crude oil price in Shanghai crude oil 
future market. Next, we investigate the impact of the shocks on Shanghai and 
Shenzhen stock markets applying ARDL and NARDL model over the period of 
2018–2022. The results of this study confirm that there exist leverage effects in 
Shanghai crude oil futures prices. Negative information has more impact on Shang-
hai crude oil futures prices volatility than positive information.

Our study also reveals that there exist symmetric effects of unexpected oil 
price shocks on Shenzhen stock market and Shanghai stock market. Positive oil 
price shocks can significantly affect Shenzhen stock market in the next period, 
while negative oil price shocks have no significant impact on Shenzhen stock 
market in the next period. The unexpected drop in oil prices has a more signifi-
cant impact on Shanghai stock market than the impact of the unexpected rise in 
oil price. The unexpected rise in oil prices has pushed up the returns of the Chi-
nese stock market. An unexpected drop in oil prices will lead to lower returns in 

Table 6   The spillover index among the markets

The estimates in the table show the contribution to the forecast error variance of innovations from row 
variable i to column variable j

SSEC SZC Oilshock From Others

SSEC 52.0670 45.1706 2.7624 47.9330
SZC 45.7617 52.6377 1.6005 47.3623
Oilshock 2.4456 1.3766 96.1779 3.8221
Contribution to others 50.7263 47.7817 4.3629 34.2903
Contribution including own 102.7933 100.4194 96.7873 300.0000
Net spillover 2.7933 0.4194 −3.2127
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China’s stock markets. Unexpected negative price shocks will lead to an increase 
in stock returns of Shanghai stock market concurrently, rather than in the next 
period. Shanghai stock market and Shenzhen stock market reacted differently 
to previous unexpected positive shocks of oil price. The unexpected positive oil 
price shocks in the previous period have significant impact on the Shenzhen stock 
market, but have insignificant impact on the Shanghai stock market. While the 
unexpected shock of crude oil prices has a slight impact in the short term, it has a 
greater long-term impact on the Shanghai stock market. For Shanghai stock mar-
ket, the speed of convergence to equilibrium level is greater than Shenzhen stock 
market. The Shanghai crude oil futures market reflects the underlying supply and 
demand relationship of China’s crude oil to certain extent.

Our results imply that due to the different effects of unexpected oil price 
shocks on Shanghai and Shenzhen stock market, investors in the two stock mar-
kets should adopt different investment strategies. In addition, the time-varying 
property of the spillover effect should be paid more attention. With the develop-
ment of Shanghai crude oil futures markets, influence of oil price shocks will 
have an increasing impact on Chinese stock markets. It is essential to stabilize 
crude oil prices and to mitigate the impact of unexpected crude oil prices so as to 
reduce stock market price gyrations.
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