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Abstract Oil is the basic factor of economic development, and its impacts of international

crude oil market on stock markets have attracted wide attention from scholars. Based on

the historical data of stock markets in China and the United States and international crude

oil price during January 2003–December 2016, this paper employs the Vector Auto

Regression-Generalized Auto Regressive Conditional Heteroskedasticity (VAR-GARCH)

model to explore the mean and volatility spillover effects between international crude oil

market and stock market. The results show that, first, there are two-way mean spillover

effects between the US stock market and international crude oil market, while only one-

way volatility effects from international crude oil market to the US stock market. Second,

only one-way mean spillover effects from international crude oil market to Chinese stock

market, and there is no evidence of volatility spillover effects between Chinese stock

market and international crude oil market. The relationship between international crude oil

price and China’s stock market shows a gradual strengthening trend, the linkage between

them should not be ignored.
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1 Introduction

As the basic energy of economic development, oil plays an important role in economic

development. In recent years, the international crude oil price fluctuates substantially, take

the West Texas Intermediate Crude Oil price (WTI) as an example (Fig. 1), since twenty-

first Century, affected by the Iraq war, the global financial crisis and the dollar exchange

rate and other factors, there has been a great volatility in the international crude oil price

(Zhang and Zhang 2015; Zhang et al. 2015; Zhang and Yao 2016).Because of the

importance of oil in regional economic development, its price fluctuation will have a

profound impact on regional economic development. Oil not only has the traditional

resource attributes, with the improvement of oil futures market and the use of oil

derivatives, financial attribute of oil has become increasingly prominent (Zhang and Sun

2016). As an important raw material for industrial production, the price increase of oil will

reduce the profit space of enterprises, and will directly affect the output of enterprises,

which will affect the development of a country’s economy. The dividend discount model of

stock price shows that the stock market is related to the operation of an enterprise, and it is

also a reflection of the national economy. Therefore, as a barometer of macroeconomy, the

stock market will also be affected by international crude oil price fluctuations (Zhang and

Wei 2011; Awartani and Maghyereh 2013; Chang et al. 2013; Broadstock and Filis 2014).

With China’s rapid economic growth, oil consumption demand is growing. However,

owing to China’s ‘‘rich coal, oil-poor, less gas’’ energy storage characteristics, China’s

annual crude oil imports in 2016 exceeded the United States for the first time, becoming

the world’s largest net importer crude oil, foreign dependence reached 65.4%. China is still

in the “emerging plus transition” stage, there are still many problems in China stock

market, such as the high percentage of individual investors, investment philosophy is not

mature enough, higher stock market turnover and higher speculation, more prone to

“herding effect” and other excessive effects (Demirer et al. 2010). Based on the above

China’s oil consumption and actual development of the stock market, it has great signif-

icance for the government to maintain the stability of the stock market and make energy

policy through exploring the linkages between the international crude oil price and the

Chinese stock market. By contrast, as the commanding point of the global economy, the

stock market of the United States is relatively mature and perfect. Through the comparative

study of the spillover effects between international crude oil market and the stock markets

in China and the United States, revealing whether international crude oil market has

Fig. 1 March 1983 toDecember 2016 US West Texas Intermediate Crude Oil (WTI) price chart
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different effects on the stock markets with different degrees of development. Meanwhile,

China’s oil pricing mechanism that oil prices are linked with international oil price needs

further reform, to play a better role in the allocation of price on resources, it can also

provide a reference for China’s oil market reform through the comparative study.

2 Literature review

From the beginning of 1980s, a large number of scholars have conducted the research on

the relationship between international oil price and the stock market, there are abundant

research achievements, mainly focus on three aspects, the overall relationship between

international oil price and the stock market, changes between international oil price and the

stock market before and after the economic crisis, and influence of international crude oil

price fluctuations on different industries.

In initial studies, price of oil was used as the influence factor of stock pricing, which was

introduced into the variable factor model (Chen et al. 1986; Hamao 1988; Ferson and Harvey

1994; Kaneko and Lee 1995).However, the study of oil price and stock price as the main

research content began in the mid and late 1990s, and most of them focus on the spillover

effects of oil price and stock market. Sadorsky (1999) used vector autoregressive (VAR)

model to study the relationship between oil price and the stock market, the results show that

oil prices and fluctuations play an important role in the impact of stock returns, the oil price

fluctuations can account for a certain percentage of the stock returns prediction error variance,

and the impact of oil price shocks on the economy shows asymmetric characteristics, that is,

the impact of rising oil prices is greater than that falling oil prices. There are also different

conclusions about spillover effects between oil price and stock markets due to different

research methods and selected research objects. Chang et al. (2013) used CCC, VARMA-

GARCH and VARMA-AGARCH model to analyze conditional relationship and volatility

spillover effect between international crude oil price and stock returns, found that the

volatility spillover effect between crude oil prices and financial markets is very weak. Based

on daily and monthly data, Kang et al. (2015) studied influence of oil price shocks on the

covariance between U.S. stock market returns and volatility, found that there are significant

spillover effects of oil price volatility and covariance between stock market returns and

volatility. In addition, some other scholars have come to similar conclusions, supporting that

there is a significant spillover effect between oil market and stock markets (Broadstock and

Filis 2014; Du and He 2015; Khalfaoui et al. 2015; Ewing and Malik 2016; Liu et al. 2017;

Boubaker and Raza 2017; Mensi et al. 2017).

All of the above studies are about oil market and developed countries, while some scholars

have studied the impact of oil price onemerging stockmarkets.Basedondata of stockmarket in

GCC countries, Awartani et al. (Awartani and Maghyereh 2013) explored returns volatility

spillover effects of oil price and stockmarket, using a newspillover effectmeasurementmethod

proposed byDiebold and Yilmaz (2009, 2012), results show that there are two-way returns and

volatility spillover effects in two markets, which are asymmetrical. In the information trans-

mission mechanism between oil market and stock market, oil price is dominant. Zhu et al.

(2014) studied impact of oil price on Asia–Pacific stock markets, found that interdependent

relationships between crude oil prices and the Asia–Pacific stock markets are weak.

Along with further research, some scholars have found that impacts of financial crisis on

spillover effect between oil market and stock market can not be ignored. Zhu et al. (2014)

found that before the global financial crisis, the relationship between crude oil prices and

the Asia Pacific stock market returns is relatively weak, and after the crisis, this
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dependence increased significantly. Bouri (2015) used variance causal analysis method to

study the difference between international crude oil price and risk spillover effect of the

Jordanian stock market before and after the financial crisis. It was found that spillover

effect between the two markets was very weak before the crisis, and after the crisis, there is

a one-way spillover effect from international crude oil market to stock market. Wen et al.

(2012) and Zhu et al. (2014) found that after the economic crisis, interdependence between

crude oil market and stock market was significantly enhanced. However, some other

studies show that during the financial crisis, relationship between oil market and financial

market was significantly enhanced, this relationship will be weakened after the crisis (Chen

and Lv 2015; Kang et al. 2017).

In addition, some scholars have studied relationships between oilmarket and stockmarket in

some specific industries. Bondia et al. (2016) studied relationships between international crude

oil prices and stock price of clean energy companies. The results show that oil prices have a

significant impact on the stock price of alternative energy companies in the short term, but little

impact in the long run. Singhal and Ghosh (2016) studied returns and volatility linkages

between international crude oil price, metal and other stock indices in India, found that direct

volatility spillover effects of oil markets on the Indian stock market is not significant at the

aggregate level, while it is significant in case of auto, power finance sector. Some scholars have

studied contagion effect of international crude oil price volatility on the stock market investor

sentiment from the perspective of market participants. Ding et al. (2017) found that oil price

fluctuations significantly Granger cause Chinese stock market investor sentiment, and oil price

volatility has negative Contagion effectiveness on stock market investor sentiment.

From the literature review above, we can find that scholars have extensively studied

impacts of oil market on stock market in main developed countries and regions, while little

research on the emerging stock market, especially few studies about China’s stock market,

lack of comparative analysis about different impacts of international crude oil prices on

developed and emerging stock markets.

3 Data and research framework

3.1 Data selection

The Shanghai and Shenzhen 300 Index (HS300), the S&P 500 index (SP500)were selected to

depict the trend of Chinese and the US stock market respectively, US West Texas Interme-

diate Crude Oil (WTI) price was selected to represent the trend of international oil price.

Research data in this paper are all fromWind data base. Due to differences in the date of each

market transaction, this paper eliminated misaligned observation data of the trading day.

Therefore, considering the availability of data, the sample observation interval in this paper is

from January 2, 2003 to December 23, 2016, a total of 3277 observation periods.

3.1.1 Statistical description of returns

First of all, logarithmic returns of stock market and oil price were described, the calcu-

lation is as formula 1.

ri;t ¼ 100� lnðPi;t=Pi;t�1Þ ð1Þ
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Among them, i = 1, 2, r1,t, r2,t represent returns of stock market and oil price in the

t period respectively, Pi,t, Pi,t−1 represent closing prices of index in the t and t − 1 periods

respectively. Returns of oil prices, China’s stock market and the U.S. stock market are

shown in Fig. 2.

Table 1 presents a statistical description of returns of stock market and oil prices.

Looking from the mean value, China’s stock market is the largest, while oil market is the

smallest. From the standard deviation, volatility of the oil market is the largest, China’s

stock market follows, the U.S. stock market is the smallest. From the maximum and

minimum value, extreme value of the oil market is higher than that of Chinese and the US

stock market. Finally, from the JB statistic, skewness coefficient and kurtosis coefficient,

returns of oil market, Chinese and the US stock market are left distribution, with

peakcharacteristics. These features can also be seen in Fig. 2.

3.1.2 Test of returns

In order to avoid spurious regression problem, the stationarity of the return series was

tested before model estimation. The ADF test was used to test the unit root of the return

Fig. 2 Timing diagram of returns
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sequence, with no trend and no constant term. The results show that stock market and oil

price return are stable at the significance level of 1%, and the results are shown in Table 2.

Sequence autocorrelation usually exists in financial asset returns.The Q-statistic of

Ljung–Box with 20 periods of delay was used to test the stock market and oil price returns.

At the 1% significance level, the original hypothesis that there is no sequence autocorre-

lation is rejected, which indicates that there is significant autocorrelation in the stock

market and oil price returns.

There are two ways to test the ARCH effect of the return series: one is to test the

autocorrelation of the residual sequence square in the mean equation, and the other is to

test the return series by ARCH-LM test. According to the Q2 (20) statistics in Table 2, we

can see that the ARCH effect exists in the residuals, and the same results are obtained by

ARCH-LM test for the lag of 5 and 10 order.

3.2 Model construction

In this paper, the VAR-GARCH-BEKK model was used to test spillover effects between

international oil market and China’s stock market, international oil market and the U.S.

stock market.

First, VAR model was used to estimate mean spillover effect, and then based on the

residual of VAR, BEKK model was used to estimate volatility spillover effect. VAR model

was set as follows:

r1;t ¼ c1 þ
Xk
i¼1

h1ir1;t�i þ
Xk
i¼1

/1ir2;t�i þ e1;t ð2Þ

r2;t ¼ c2 þ
Xk
i¼1

h2ir1;t�i þ
Xk
i¼1

/2ir2;t�i þ e2;t ð3Þ

Among them, i = 1, 2, r1,t, r2,t represent returns of stock market and oil price in the

t period respectively, c1, c2 are constant terms, h;/ are the lag coefficient estimations,

ɛ represent the residuals.

Table 1 Statistical description of returns

Mean value Median SD Maximum Minimum Skewness Kurtosis JB

SP500 0.029 0.073 1.234 10.957 −13.777 −0.541 17.127 27402.740***

HS300 0.034 0.070 1.815 8.931 −13.012 −0.488 7.093 2416.768***

WTI 0.016 0.046 2.526 16.410 −19.662 −0.105 7.806 3158.502***

*** Indicates significant at 1% level

Table 2 Returns stationarity, autocorrelation and ARCH effect test

ADF Q (20) Q2 (20) ARCH (5) ARCH (10)

SP500 −10.798*** 76.938*** 3725.200*** 772.088*** 890.445***

HS300 −20.842*** 38.860*** 994.850*** 217.617*** 270.662***

WTI −9.976*** 52.508*** 2478.300*** 460.512*** 584.030***

*** Indicates significant at 1% level; Q (20) and Q2 (20) represent the residual sequence and the Q statistics
of the residual square Ljung–Box test respectively
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When θ is not all equal to 0, it shows that lags of stock market and oil price returns have

impacts on their own current returns. When ϕ is not all equal to 0, indicating that lags of

stock market and oil price returns have impacts oneach other’s current returns, means that

the current market’s returns will be affected by another market’s returns of previous period.

At this point, mutual impacts between stock market and oil price returns can be determined

through the size and significance of ϕ, and mean spillover effects between the two markets

can be determined through the Grainger causality test.

Although there are many possibilities in BEKK(p,q),most studies have shown that

BEKK (1,1) is sufficient to fit the volatility of multiple financial asset returns.The binary

BEKK of stock market and oil prices was set as follows:

Ht ¼ CCT þ Aðet�1e
T
t�1ÞAT þ BHt�1B

T ð4Þ

A ¼ a11 a12
a21 a22

� �
B ¼ b11 b12

b21 b22

� �
C ¼ c11 c12

0 c22

� �

Among them, Ht ¼ h11;t h12;t
h21;t h22;t

� �
, are conditional variance and covariance matrix of

stock market and oil price in the tperiod. h11,t, h22,t represent conditional variance of stock
market and oil price respectively, h12,t, h21,t represent conditional covariance of stock

market and oil price respectively. C is the upper triangular matrix, a constant parameter

estimation. A is the ARCH coefficient, the main diagonal items reflect the stock market and

oil prices of their respective ARCH effect, the non-main diagonal term indicates the ARCH

volatility spillover of the two markets. B is the GARCH coefficient, the main diagonal

items reflect the stock market and oil prices of their respective GARCH effect, the non-

main diagonal term indicates the GARCH volatility spillover of the two markets. There are

a total of 11 parameters to be estimated in A, B, C, the specific forms are as follows.

A ¼ a11 a12
a21 a22

� �
B ¼ b11 b12

b21 b22

� �
C ¼ c11 c12

0 c22

� �

Expand the formula (3) to obtain the specific form of conditional variance and

covariance:
h11;t ¼ c211 þ ða211e21;t�1 þ 2a11a12e1;t�1e2;t�1 þ a212e

2
2;t�1Þ

þ ðb211h11;t�1 þ 2b11b12h12;t�1 þ b212h22;t�1Þ
ð5Þ

h22;t ¼ c222 þ ða222e22;t�1 þ 2a22a21e2;t�1e2;t�1 þ a221e
2
1;t�1Þ

þ ðb222h22;t�1 þ 2b22b21h12;t�1 þ b221h22;t�1Þ
ð6Þ

h12;th21;t ¼ c12c21 þ ½a11a12e21;t�1 þ ða12a21 þ a11a22Þe1;t�1e2;t�1 þ a21a12e
2
2;t�1�

þ ½b11b12h11;t�1 þ ðb12b21 þ b11b22Þh12;t�1 þ b21b22h22;t�1�
ð7Þ

From the formulas (5), (6), (7) we can see that volatility of stock market and oil prices

comes from two aspects: first, their own residuals, the other residuals and mutual influence,

that is ARCH item in the former bracket of formulas (5), (6). Second, their own fluctua-

tions in the previous period, the other fluctuations in the previous period and mutual

influence, that is GARCH item in the latter bracket of formulas (5), (6).

When a12 = b12 = 0, indicating fluctuations of stock market are only affected by its

early residuals and fluctuations, no volatility spillover effect from oil prices to stock
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market. When a21 = b21 = 0, indicating fluctuations of oil prices are only affected by its

early residuals and fluctuations, no volatility spillover effect from stock market to oil

prices. When a12 = b12 = 0 and a21 = b21 = 0 at the same time, indicating no volatility

spillover effect between stock market and oil prices.

Finally, the autocorrelation test of standardized residuals instock market and oil price

was carried out to ensure the adequacy of the model fitting.

4 Empirical analysis

4.1 Spillover effects of U.S. stock market and international crude oil market

Spillover effect was estimated in two steps, the first is the mean spillover effect estimation,

using the VAR model; the second is the volatility spillover effect estimation, using the

BEKK model, the data from the residuals in the VAR estimation equation.

4.1.1 Mean spillover effect estimation

Using AIC, SC, HQ, FPE information criterion to determine lag orders of VAR model. In

the lag 6 order, the information criterion values of each lag period are shown in Table 3.

The optimal lag period of AIC, HQ and FPE is 5, that of SC is 1. Generally, the AIC lag

criterion is chosen as the optimal one, so the model with lags of 5 was selected.

The estimated results are shown in Table 4.

From the estimation coefficient, we can see that returns of the U.S. stock market and oil

price are significantly affected by their own lags. Among them, lag 1 period, 2 period and 5

period of stock market returns have significant impacts on its current returns, lag 1 period,

4 period and 5 period of oil price returns have significant impacts on its current returns.

From the interrelationship, lag 4 and 5 periods of oil price returns have significant impacts

on stock market returns, while lag 1–3 periods of stock market returns have significant

impacts on oil price returns. Then the Granger causality test was used to determine whether

mean spillover effect exists between stock market and oil prices. The results of mean

spillover effect test are shown in Table 5.

The two mean spillover tests both reject the original hypothesis, indicating that the US

stock market has significant impacts on oil market, and oil market also has significant

impacts on the US stock market, there are significant two-way mean spillover effects

between the two markets.

Table 3 Information criterion for VAR estimation

Lags 1 2 3 4 5 6

AIC 7.8485 7.8464 8.8462 7.8441 7.8358* 7.8372

HQ 7.8525 7.8530 7.8556 7.8561 7.8505* 7.8546

SC 7.8597* 7.8650 7.8723 7.8777 7.8768 7.8857

FPE 8.7824 8.7636 8.7626 8.7441 8.6713* 8.6841

* Indicates the optimal lag order selected by the information criterion
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4.1.2 Volatility spillover effect estimation

As with most studies, it is assumed that the residuals obey the normal distribution. After 36

iterations, the model converges, and after adjusting the steady variance of HAC, the

coefficients are estimated, as shown in Table 6. The model tests are shown in Table 7, the

autocorrelation test is carried out on standardized residuals and residuals square of esti-

mated stock market and oil price. At the 1% significance level, the original hypothesis can

not be rejected, indicating no sequence autocorrelation in the residuals of stock market and

oil price, the information extraction is complete and the model is fitted adequately.

BEKK estimation results show that, in the conditional variance equation, a11, a22, b11,
b22 are significant at the 1% level, indicating that there is volatility agglomeration in the

Table 4 VAR model coefficient estimation results

Constant SP500(−1) SP500(−2) SP500(−3) SP500(−4) SP500(−5)

SP500

0.034 −0.080*** −0.059*** −0.010 −0.026 −0.066***

[1.593] [−4.381] [−3.213] [0.550] [−1.405] [−3.610]

WTI(−1) WTI(−2) WTI(−3) WTI(−4) WTI(−5)

−0.006 −0.005 0.005 0.024*** −0.022**

[−0.728] [−0.531] [0.544] [2.727] [−2.442]

Constant SP500(−1) SP500(−2) SP500(−3) SP500(−4) SP500(−5)

WTI

0.019 0.119*** −0.075** −0.082** 0.048 −0.054

[0.444] [3.189] [−1.999] [−2.191] [1.270] [− 1.435]

WTI(−1) WTI(−2) WTI(−3) WTI(−4) WTI(−5)

−0.076*** −0.002 0.018 0.039** −0.058***

[− 4.179] [− 0.084] [0.995] [2.157] [− 3.209]

***, **, * Indicate significant at 1, 5 and 10% level respectively, [] is the t value of the parameter estimation

Table 5 Mean spillover effect test

H0 F p Conclusions

WTI is not the Granger cause of SP500 3.099 0.008 Reject H0

SP500 is not the Granger cause of WTI 5.127 0.000 Reject H0

Table 6 BEKK (1,1) model coefficient estimation results

C ¼ c11 c12
0 c22

� �
A ¼ a11 a12

a21 a22

� �
B ¼ b11 b12

b21 b22

� �

0.149***
[13.943]

0.075**
[2.545]

0.304***
[19.999]

0.042
[1.399]

0.942***
[181.496]

−0.0197**
[− 2.066]

0 0.133*** 0.009 0.220*** −0.001 0.975***

0.000 [5.703] [1.345] [18.301] [− 0.662] [354.110]

Log likelihood: −11516.468

***, **, * Indicate significant at 1, 5 and 10% level respectively, [] is the t value of the parameter estimation
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US stock market and oil market. a12 is near 0 and the coefficient is not significant at any

level, b12 is significant at the 5% level, indicating that there is ARCH volatility spillover

from fluctuations of oil market in the early period to current US stock market, no GARCH

volatility spillover. a21, b21 are not significant at any level, indicating that there is no

significant effects of US stock market in the early periodon current oil market, no volatility

spillover from stock market to oil market. From the initial coefficient analysis, we can see

that there is volatility agglomeration in the US stock market and oil market, and there is

one-way volatility spillover from oil market to US stock market.

The Wald test is used to test the matrix elements of volatility spillover effect, which is

the joint test for the significance of the model coefficients.

From the volatility spillover test in Table 8, we can see that there is no volatility

spillover from US stock market to oil market, while there is significant volatility spillover

from oil market to US stock market. The one-way volatility spillover effect between the

US stock market and oil market is verified.

4.1.3 Summary of spillover effect analysis

During the observation periods, spillover effect between the U.S. stock market and oil

market has the following characteristics: about mean spillover, there is two-way mean

spillover effect between the U.S. stock market and oil market, lag 4 and 5 periods of oil

price returns have significant impacts on stock market returns, while lag 1–3 periods of

stock market returns have significant impacts on oil price returns. About volatility spil-

lover, there is only one-way volatility spillover from oil market to the U.S. stock market.

The United States is the world’s largest economy and the largest oil consuming country,

the American economic situation has strong impacts on international oil prices. The U.S.

stock market is very mature and effective, can effectively reflect the future economic

situation, thus affecting the oil demand. Therefore, there is a strong linkage between

international crude oil prices and the U.S. stock market.

Table 7 Estimated standardized residuals test

Q (10) Q (20) Q (30) Q2 (10) Q2 (20) Q2 (30)

SP500 8.428
(0.587)

20.208
(0.445)

32.108
(0.363)

15.352
(0.120)

24.906
(0.205)

29.585
(0.487)

WTI 3.256
(0.975)

9.956
(0.969)

27.098
(0.618)

8.646
(0.566)

12.669
(0.891)

17.630
(0.964)

Q (), Q2 () are the Q statistics of the Ljung–Box test for the standardized residuals and its square; () is the
p value of the parameter estimation

Table 8 Volatility spillover effect test

H0 Wald P Conclusions

a21 = b21 = 0 2.526 0.283 Accept H0,no spillover from SP500 to WTI

a12 = b12 = 0 5.783 0.055 Accept H0,no spillover from WTI to SP500
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4.2 Spillover effects of Chinese stock market and international crude oil
market

4.2.1 Mean spillover effect estimation

Using AIC, SC, HQ, FPE information criterion to determine lag orders of VAR model. In

the lag 8 order, the information criterion values of each lag period are shown in Table 9.

The optimal lag period of AIC and FPE is 7, that of HQ and SC is 1. Generally, the AIC lag

criterion is chosen as the optimal one, so the model with lags of 7 was selected.

The estimated results are shown in Table 10.

From the estimation coefficient, we can see that returns of Chinese stock market and oil

price are significantly affected by their own lags. Among them, lag 3–7 periods of stock

market returns have significant impacts on its current returns, lag 1 period, 4 period and 5

period of oil price returns have significant impacts on its current returns. From the inter-

relationship, lag 1 and 7 periods of oil price returns have significant impacts on stock

market returns, while lag 3 period of stock market returns have impacts on oil price returns.

Then the Granger causality test was used to determine whether mean spillover effect exists

between stock market and oil prices.

From the mean spillover effect test in Table 11, it can be seen that there is only one-way

mean spillover from Chinese oil market to international oil market, while no mean spil-

lover from Chinese stock market to the international oil market.

4.2.2 Volatility spillover effect estimation

It is assumed that the residuals obey the normal distribution. After 69 iterations, the model

converges, and after adjusting the steady variance of HAC, the coefficients are estimated,

as shown in Table 12. The model testsare shown in Table 13, the autocorrelation test is

carried out on standardized residuals and residuals square of estimated stock market and oil

price, At the 1% significance level, the original hypothesis cannot be rejected, indicating

no sequence autocorrelation in the residuals of stock market and oil price, the information

extraction is complete and the model is fitted adequately.

BEKK estimation results show that, in the conditional variance equation, a11, a22, b11,
b22 are significant at the 1% level, indicating that there is volatility agglomeration in the

US stock market and oil market. a12 and b12 are significant at the 5% level, indicating that

fluctuations of oil market in the early period have impacts on current Chinese stock market,

but impacts are not significant, indicating that there are not significant volatility spillover

from oil market to Chinese stock market. a21, b21 are not significant at any level, indicating
that there is no significant effects of US stock market in the early periodon current oil

market, no volatility spillover from stock market to oil market. There is volatility

Table 9 Information criterion for VAR estimation

Lags 1 2 3 4 5 6 7 8

AIC 8.7073 8.7093 8.7094 8.7066 8.7040 8.7047 8.7028* 8.7033

HQ 8.7123* 8.7160 8.7188 8.7186 8.7187 8.7221 8.7228 8.7260

SC 8.7185* 8.7280 8.7355 8.7402* 8.7451 8.7532 8.7587 8.7667

FPE 20.7291 20.7702 20.7732 20.7149 20.6617 20.6760 20.6357* 20.6470

* Indicates the optimal lag order selected by the information criterion
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agglomeration in Chinese stock market and oil market, and there is one-way volatili-

tyspillover from oil market to Chinese stock market.

The Wald test is used to test the matrix elements of volatility spillover effect, which is

the joint test for the significance of the model coefficients.

From the volatility spillover test in Table 14, we can see thatat any significant level, the

original hypothesis can not be rejected, which indicates that there is no significant volatility

spillover effect between Chinese stock market and oil market.

4.2.3 Summary of spillover effect analysis

During the observation periods, spillover effect between Chinese stock market and oil

market has the following characteristics: about mean spillover, there is only one-way mean

spillover effect from oil market to Chinese stock market, is mean spillover two-way, lag 1

Table 12 BEKK (1,1) model coefficient estimation results

C ¼ c11 c12
0 c22

� �
A ¼ a11 a12

a21 a22

� �
B ¼ b11 b12

b21 b22

� �

0.131***
[6.921]

−0.000
[−0.006]

0.213***
[17.502]

0.039**
[2.031]

0.975***
[355.324]

−0.007*
[−1.649]

0 0.161*** −0.008 0.214*** 0.002 0.975***

0.000 [5.771] [−0.111] [15.340] [1.075] [302.018]

Log likelihood: −13352.210

***, **, * Indicate significant at 1, 5 and 10% level respectively, [] is the t value of the parameter estimation

Table 13 Estimated standardized residuals test

Q(10) Q(20) Q(30) Q2(10) Q2(20) Q2(30)

HS300 16.880
(0.077)

26.238
(0.158)

31.691
(0.382)

8.592
(0.571)

11.155
(0.942)

14.224
(0.993)

WTI 1.500
(0.999)

9.099
(0.982)

25.672
(0.692)

10.837
(0.370)

13.725
(0.844)

18.039
(0.958)

Q (), Q2 () are the Q statistics of the Ljung–Box test for the standardized residuals and its square; () is the
p value of the parameter estimation

Table 11 Mean spillover effect test

H0 F p Conclusions

WTI is not the Granger cause of SP500 2.164 0.027 Reject H0

SP500 is not the Granger cause of WTI 1.393 0.194 Accept H0

Table 14 Volatility spillover effect test

H0 Wald P Conclusions

a21 = b21 = 0 1.355 0.508 Accept H0, no spillover from HS300 to WTI

a12 = b12 = 0 4.197 0.123 Accept H0, no spillover from WTI to HS300
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and 7 periods of oil price returns have significant impacts on Chinese stock market returns.

Although lag 3 period of stock market returns have impacts on oil price returns, the

impacts are not significant. Overall, there is no significant mean spillover from Chinese

stock market to international oil market. About volatility spillover, there is no significant

volatility spillover between Chinese stock market and international oil market.

The development of China’s stock market is not mature enough, the characteristics of

policy market and higher speculative in China’s stock market have reduced spillover

effects of the international crude oil prices on the stock market China, and the refined oil

pricing mechanism in China is not fully market-oriented, so the correlation between

Chinese refined oil prices and international crude oil prices is relatively low, also signif-

icantly reduces the impacts of international crude oil prices on China’s stock market.

Therefore, most of the previous studies found that there is no spillover effect of interna-

tional crude oil price on China’s stock market. But this study indicates that there is mean

spillover effect from international crude oil prices to China’s stock market, which is related

to the increasing dependence on foreign oil and improvement of effectiveness in China’s

stock market. Especially in 2009, Chinese refined oil pricing mechanism reform achieved a

major breakthrough in the linkage between Chinese oil prices and international oil price,

and further enhanced the marketization of Chinese refined oil pricing mechanism. With the

increase of linkages between Chinese oil prices and international oil price and rising

effectiveness of stock market, mutual influence between international crude oil price and

China’s stock market will become increasingly strong, linkages between the two can not be

ignored.

5 Conclusions

In this paper, daily data from January 2, 2003 to December 23, 2016 were taken as samples

to analyze spillover effects between international crude oil market and Chinese and

American stock markets.The Shanghai and Shenzhen 300 Index returns, the S&P 500

index returns were selected to represent Chinese and the US stock marketreturns respec-

tively, US West Texas Intermediate Crude Oil price was selected to represent international

crude oil price.

The spillover effects of the US stock market and the oil market show that, there are two-

way mean spillover effects between the US stock market and the oil market, while only

one-way volatility effects from oil market to the US stock market. The spillover effects of

Chinese stock market and the oil market show that, only one-way mean spillover effects

from international oil market to Chinese stock market, and there is no evidence of volatility

spillover effects between Chinese stock market and international oil market.

Compared with the U.S. stock market, linkage between international crude oil market

and Chinese stock market is relatively weak. The main reasons for this phenomenon may

be as follows: (1) There are drawbacks in Chinese oil pricing mechanism. Domestic refined

oil began to monthly link with international market price from June 2000, and domestic

refined oil prices are set by the National Development and Reform Commission (NDRC).

When international oil price rises, taking into account the affordability of the economy,

NDRC will limit rise in domestic oil prices, which will bring a certain degree of dis-

junction between domestic oil prices and international oil prices, leading to a problem that

there is no significant impacts of international oil price changes on China’s economy. (2)

China’s energy consumption is dominated by coal. In 2015, coal, oil and natural gas
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accounted for 64, 18.1 and 5.9% of Chinese total energy consumption respectively. While

energy consumption structures of developed countries are mainly based on oil and gas, in

2015, coal, oil and natural gas accounted for 16, 36 and 29% of American total energy

consumption. Chinese and American energy consumption structures are obviously dif-

ferent, in contrast, there are small effects of international crude oil market on Chinese

economy. (3) Chinese stock market is not mature. At present, Chinese stock market par-

ticipants have problems of investment philosophy, investors often do not consider long-

term value investment, only to take short-term investment behavior. There is no direct

relationship between the stock market participants’ future expectation of stock market and

whether quoted companiesare profitable, but mainly focus on the participants’ ability to

capture information in the news, which makes the investment ability of the stock market

weaken and speculative behavior is excessive. Making Chinese stock market can not

effectively reflect the reality of Chinese economic development, so Chinese stock market is

not closely linked with international oil prices.

Based on the above reasons, although the linkage between international crude oil price

and China’s stock market is relatively weak, with the reform of Chinese refined pricing

mechanism, further improvement of oil price marketization, and rising effectiveness of

China’s stock market, the mutual influence between international crude oil price and

China’s stock market will be more intensive. If the linkage between the two is ignored, it is

possible to underestimate the impacts of international crude oil price fluctuations on

China’s economy, and it is not conducive for regulatory authorities to make scientific and

rational policies.
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